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ABSTRACT 

Biological theory proposes that autonomic nervous system (ANS) hypo-reactivity may be 

more specific to proactive aggression, while ANS hyper-reactivity may be specific to 

affective aggression. However, the literature finds mixed support, which may be because 

no study to date has concurrently examined emotion dysregulation, a highly related 

variable, as a potential moderator. The present study examined these relationships in 76 

undergraduate participants (29 men, mean age = 21.49) who identified as Caucasian (51%), 

African-American (23%), Asian (21%), or Other (5%). Participants completed 

questionnaires, a resting state task, and a provocation task. Results found that blunted 

overall ANS reactivity was associated with proactive aggression. Emotion dysregulation 

moderated the relationship between parasympathetic nervous system (PNS) and 

sympathetic nervous system (SNS) reactivity with both proactive (at a trending level for 

SNS reactivity) and affective aggression. Specifically, among those slightly above average 

and high on emotion dysregulation, PNS augmentation and blunted SNS reactivity were 

associated with proactive and affective aggression, respectively. In contrast, among those 

low on emotion dysregulation, PNS augmentation was associated with decreased affective 

aggression. Thus, among those elevated on emotion dysregulation, it may be beneficial to 

teach counter-regulatory strategies to reduce the impact of ANS hypo-reactivity on 

aggression (across function). 
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CHAPTER 1 

ANS REACTIVITY AND AGGRESSION 

1.1. Introduction  

 Aggression, behavior directed towards others and/or objects with the intent to cause 

harm (Geen & Donnerstein, 1998), is considered a worldwide public health problem that 

costs society hundreds of billions of dollars in lost work productivity and annual health 

care expenses alone (Corso, Mercy, Simon, Finkelstein, & Miller, 2007). With regard to 

human costs, homicide is a leading cause of death among adolescents and young adults 

(Center for Disease Control [CDC], 2013), while even moderate levels of aggression cause 

significant psychological distress and physical health problems to the victims and society 

(Conger, Neppl, Kim, & Scaramella, 2003). Aggression is also associated with significant 

dysfunction for the perpetrators, with those who engage in excessive aggression 

experiencing increased emotion dysregulation (Donahue, Goranson, McClure, & Van 

Male, 2014; Fettich, McCloskey, Look, & Coccaro, 2015; Puhalla, Ammerman, Uyeji, 

Berman, & McCloskey, 2016), psychopathology (Fite, Rubens, Preddy, Raine, & Pardini, 

2014; Kulper, Kleiman, McCloskey, Berman, & Coccaro, 2015), and physical health 

problems such as cardiovascular disease (McCloskey, Kleabir, Berman, Chen, & Coccaro, 

2010; Smith, Glazer, Ruiz, & Gallo, 2004).  

 The association between aggression and cardiovascular dysfunction suggests that 

the autonomic nervous system (ANS), which governs cardiovascular activity (Porges, 

2001, 2009), may be involved in aggression. ANS activity can be indexed using Heart Rate 

(HR), Respiratory Sinus Arrhythmia (RSA; the influence of respiration on variations 

within heart rate), and electrodermal (i.e., sweat gland) activity (EDA) at rest and in 
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response to provocation. HR can be used as a measure of overall ANS activation, as both 

the sympathetic nervous system (SNS) and parasympathetic nervous system (PNS) have 

opposing influence over HR (Shaffer, McCraty, & Zerr, 2014; Task Force, 1996), while 

RSA can be used as a measure of PNS activation, as it is associated with homeostatic 

functioning (Shaffer et al., 2014). While cardiovascular measures are widely used to 

examine overall ANS and PNS activity, EDA is the most common measure of SNS activity 

as it is under exclusive control of the SNS (Blascovich & Kelsey, 1990; Boucsein, 2012). 

Thus, HR, RSA, and EDA can be used as measures of overall ANS, PNS, and SNS activity, 

respectively. With regard to aggression, acute aggressive behavior has been linked to 

increases in SNS activity (i.e., SNS reactivity; Böddeker & Stemmler, 2000; Centifanti, 

Kimonis, Frick, & Aucoin, 2013; Haller et al., 2014; Hoaken, Campbell, Stewart, & Pihl, 

2003) and decreases in PNS activity (i.e., PNS withdrawal; Centifanti et al., 2013; Haller 

et al., 2014) relative to a baseline or “resting” state (i.e., reactivity) as a part of the classic 

“fight or flight” response (Porges, 2009). Yet there is limited research on the extent to 

which this ANS reactivity is associated with a general predisposition to aggress (i.e., trait 

aggression).  

 There are two predominant biological theories of aggression that each focus on a 

different type of aggression. The fearlessness theory (Ortiz & Raine, 2004; Raine, 1993; 

Scarpa & Raine, 1997) proposes that hypo-reactivity (i.e., dampened PNS withdrawal and 

SNS reactivity) of the ANS reflects reduced fear and affective empathy (i.e., feeling what 

others feel) in response to interpersonal stressors, which may make individuals 

unresponsive to punishment and/or social cues that others (e.g., victims) are in distress. 

Thus, with little to no feedback by the ANS, one’s ability to learn from the consequences 
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of past aggression (e.g., distress of others, damaged relationships, legal action) is impaired 

and may make individuals more likely to continue to aggress in general (Raine, 1993; 

Scarpa & Raine, 1997). Moreover, this ANS hypo-reactivity is most associated with 

proactive aggression (i.e., using aggression simply as a means to obtain a desired goal; 

Scarpa & Raine, 2010), which is less driven by increased negative affect and the 

corresponding ANS activity (Scarpa & Raine, 2010).   

 In comparison to the fearlessness theory, the frustration-aggression theory 

(Berkowitz, 1989; Dollard, Miller, Doob, Mowrer, & Sears, 1939; Vitaro, Barker, Boivin, 

Brendgen, & Tremblay, 2006) proposes that hyper-reactivity of the ANS (i.e., increased 

overall ANS and SNS reactivity) is associated with excessive negative affect in response 

to perceived provocation, which both increases the desire to aggress, and decreases the 

ability to control the negative affect (and corresponding ANS reactivity) through more 

constructive means. Thus, aggressive responding associated with ANS hyper-reactivity 

may be more indicative of affective (a.k.a., “reactive” or “hostile”) aggression. Overall, 

this suggests that ANS hypo-reactivity may be primarily associated with a greater tendency 

towards proactive aggression (trait proactive aggression), while hyper-reactivity may be 

associated with greater trait affective aggression (Scarpa & Raine, 2010).  

 While the above theories propose distinct ANS hypo-reactivity – proactive 

aggression and ANS hyper-reactivity – affective aggression relationships, the evidence 

supporting these relationships is mixed. With regard to trait proactive aggression, the most 

consistently supportive findings are that blunted PNS withdrawal (Centifanti et al., 2013; 

Murray-Close et al., 2017; Murray-Close & Rellini, 2012) and decreased overall ANS 

reactivity (Hubbard et al., 2002; Murray-Close & Rellini, 2012) in response to provocation 
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are associated with increased trait proactive aggression. However, there are even 

exceptions to these findings, with one study showing that increased PNS withdrawal is 

associated with greater trait proactive aggression (Wagner & Abaied, 2015), while other 

ties have shown that overall ANS reactivity is unrelated to trait proactive aggression 

(Centifanti et al., 2013; Crozier et al., 2008). Furthermore, studies have repeatedly failed 

to find a relationship between blunted SNS reactivity and trait proactive aggression 

(Hubbard et al., 2002; Murray-Close et al., 2017; Wagner & Abaied, 2015; but also see 

Centifanti et al., 2013). 

 The research linking ANS hyper-reactivity to increased trait affective aggression is 

even more equivocal, with only a few studies finding that trait affective aggression is 

associated with increased overall ANS (Crozier et al., 2008) and SNS (Hubbard et al., 

2002; Murray-Close, Holterman, Breslend, & Sullivan, 2017) reactivity to provocation, 

while others find no relationships between ANS reactivity and affective aggression 

(Centifanti et al., 2013; Murray-Close & Rellini, 2012; Wagner & Abaied, 2015). 

Moreover, no study found that increased PNS withdrawal to provocation was associated 

with trait affective aggression, but instead either found the opposite relationship (Murray-

Closet et al., 2017; Wagner & Abaied, 2015) or no relationship at all (Centifanti et al., 

2013; Murray-Close & Rellini, 2012). These inconsistent findings between ANS reactivity 

with trait proactive and affective aggression may be due, at least in part, to previous studies’ 

failing to account for potential moderating factors known to be associated with both ANS 

functioning and aggression, such as emotion regulation.  

 Emotion regulation can be defined one’s ability to effectively control emotional 

experiences and responses to changes in the environment (Aldao, Nolen-Hoeksema & 
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Schweizer, 2010; Gratz & Roemer, 2004). This can include, but is not limited to, one’s 

ability to identify emotions, acceptance of emotional experiences and situations as they are, 

and having a repertoire of strategies to effectively adapt to negative emotions (Alado et al., 

2010; Gratz & Roemer, 2004). Furthermore, while emotion regulation is associated with 

emotional reactivity (i.e., speed and intensity of an initial emotional response; Cole, Martin, 

& Dennis, 2004), it is a distinct construct. Specifically, emotion regulation corresponds to 

how well individuals can adapt to emotionally provocative stimuli, whereas emotion 

reactivity refers to how intensely one emotionally respond (Cole et al., 2004).   

Emotion regulation is linked with ANS functioning (Balzarotti, Biassoni, Colombo, & 

Ciceri, 2017). Specifically, overall ANS reactivity (i.e., heart rate reactivity: HRR) and 

SNS reactivity (i.e., EDA reactivity [EDAR]) increase in response to emotionally 

provocative stimuli (e.g., Murray-Close & Crick, 2007; Taylor, 1967), with this effect 

being attenuated among those who are able to effectively self-regulate (Gross, 1998; Sloan, 

2004; Williams, Barg, Nocera, & Gray, 2009). Specifically, top-down processing of the 

ANS may be occurring when individuals are engaging in effective emotional regulation 

and thereby reducing overall ANS and SNS reactivity (Porges, 2001). However, the 

relationship between PNS reactivity and emotion regulation is less clear.  

The Polyvagal Theory (Porges, 2001, 2009) proposes that increased PNS withdrawal 

(i.e., RSA reactivity [RSAR]) is indicative of mobilization of ANS resources to be used to 

adaptively respond to threat, while other theories propose that increased PNS withdrawal 

is a sign of excessive reactivity of the ANS and may be maladaptive (Beauchaine, 2015).  

The research shows mixed support for both theories, with some studies showing that 

increased PNS withdrawal is associated with increased emotion regulation capacity (e.g., 
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cognitive reappraisal, reduced rumination; Gentzler, Santucci, Kovacs, & Fox, 2009; 

Zhang, Wang, You, Lü, & Luo, 2015), while other studies find that increased PNS 

withdrawal is associated with increased emotion (dys)regulation (e.g., rumination, 

emotional reactivity; Crowell, Price, Puzia, Yaptangco, & Cheng, 2017; Vasilev, Crowell, 

Beauchaine, Mead, & Gatzke-Kopp, 2009). Thus, while attenuated overall ANS and SNS 

reactivity seem to be indicative of greater emotion regulation capacity, less is known about 

how PNS reactivity relates to emotion regulation.  

Emotion dysregulation is also associated with trait proactive and reactive aggression 

(Arsenio, Adams, & Gold, 2009; Ostrov, Murray-Close, Godleski, & Hart, 2013; Rathert 

et al., 2011; Skripkaus-kaite et al., 2015). Trait affective aggression is associated with 

multiple facets of emotion dysregulation, including poor impulse control (Gagnon & 

Rochat, 2017; Skripkaus-kaite et al., 2015), emotion reactivity (Xu & Zhang, 2008), anger 

rumination (White & Turner, 2015), and lack of emotional regulation strategies (Orobio de 

Castro, Merk, Koops, Veerman, & Bosch, 2005; Skripkaus-kaite et al., 2015). 

Comparatively, trait proactive aggression may be more specific to deficits in emotional 

awareness (Skripkaus-kaite et al., 2015) and lack of adaptive emotion regulation strategies 

(Orobio de Castro et al., 2005.) However, there is no research to date that has examined to 

what extent emotion dysregulation may moderate the relationship between ANS reactivity 

and trait proactive and affective aggression, even though there is evidence that variables 

highly associated with emotion dysregulation (e.g., effortful control, hostile attribution 

bias, rejection sensitivity) moderate the relationship between ANS functioning and 

aggression (Gower & Crick, 2011; Murray-Close, 2011; Sijtsema, Jelle, Erin, Shoulberg, 

& Murray-Close, 2011). Furthermore, conceptually emotion dysregulation may moderate 
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these relationships, as effective emotion regulation strategies may (a) reduce the impact of 

autonomic hyper-arousal on affective aggression by allowing greater awareness of negative 

emotions and strategies to regulate them and (b) reduce the effect of autonomic hypo-

arousal to engage in proactive aggression by providing other means to regulate 

interpersonal situations besides aggressing.  

 The current study examined the association between ANS reactivity to provocation 

and trait affective and proactive aggression, as well as the extent to which these 

associations were moderated by emotion dysregulation. Participants completed a battery 

of interviews and questionnaires that included self-report measures of emotion 

dysregulation and trait proactive/affective aggression. ANS activity data were then 

collected during a resting state (baseline) and provocation task to determine reactivity. It 

was hypothesized that blunted overall ANS reactivity and PNS withdrawal to provocation 

would be associated with trait proactive aggression (due to the equivocal past findings, no 

specific hypotheses were made with regard to the simple relationship between ANS 

reactivity and affective aggression). It was also hypothesized that emotion dysregulation 

would moderate the relationship between ANS reactivity with trait proactive and affective 

aggression, with greater emotion dysregulation increasing the strength of the relationship 

between ANS reactivity with trait proactive and affective aggression 

1.2. Methods & Materials 

1.2.1. Participants 

Participants were college students recruited through a large northeastern 

university’s online undergraduate research system. Of the 80 participants recruited, four 

(5%) did not believe the premise for the laboratory aggression task. Consistent with 



    

 

8 

  

previous aggression research, these participants were excluded (McCloskey, Lee, Berman, 

Noblett, & Coccaro, 2008; Puhalla, Kulper, Fahlgren, & McCloskey, 2019). Thus, the final 

sample consisted of 76 participants (29 men; 38%) between the ages of 18 and 27 (M = 

21.49, SD = 4.14). Participants identified as Caucasian (51%), African-American (23%), 

Asian (21%), or Other (5%). Exclusion criteria were a lifetime history of psychosis or 

intellectual disability, current severe alcohol or substance use disorder, known 

cardiovascular or respiratory disorders (e.g., coronary heart disease, emphysema), and 

engagement in strenuous physical activity (e.g., cardiovascular exercise, weight-lifting, 

yoga) or consumption of nicotine and/or excessive caffeine (i.e., over 200mg) the day of 

the study.   

 1.2.2. Measures 

 1.2.2.1 Clinical Interview 

Structured Clinical Interview for DSM-5 Disorders (SCID; First, Williams, Karg, 

& Spitzer, 2015). The SCID is a semi-structured interview used to assess DSM-5 non-

personality disorders (e.g., mood disorders, psychotic disorders, substance use disorders). 

The SCID has shown good inter-rater reliability (Kappa’s = .70-1.00; First et al., 1996). 

The SCID-5 was used to assess for exclusionary criteria (i.e., severe alcohol/substance use 

disorders and/or psychotic disorders). 

Health Interview. Exclusionary criteria pertaining to physical health problems, 

acute exercise, and past 24-hour caffeine/nicotine use were assessed via a brief health 

interview conducted as a part of the clinical interview.   

1.2.2.3. Laboratory Task 
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Taylor Aggression Paradigm (TAP; Taylor, 1967). The TAP is a classic laboratory 

aggression/provocation task disguised as a reaction-time task. During the TAP, participants 

“compete” against a fictitious opponent who sets increasingly high levels of electric shocks 

for the participant (provocation). Before each trial, the participant and their (faux) opponent 

each select a shock level for the other to receive if they have a slower reaction-time on that 

trial. The shocks range from 0 (no shock) through 10 (shock that is “mildly painful”) or 20 

(twice the “mildly painful” threshold, which the participant never actually receives). 

Unbeknownst to the participant, the winner of each trial and the level of opponent shock 

are predetermined by the experimenter. The participant “loses” and consequently receives 

a shock on 50% of the trials, but sees what level of shock the opponent set for them on all 

(winning and losing) trials. As stated, aggression is elicited by having the ‘‘opponent’’ 

select increasingly intense shock levels (provocation) for the participant to receive over the 

course of the 28 TAP trials.  These trials are composed of an initial trial, then four 6-trial 

blocks (ascending in provocation level) with a transition trial between blocks. The TAP 

was chosen as the provocation task, as a rich literature supports the validity of the TAP 

provocation in eliciting anger and aggression (Anderson & Bushman, 1997; Giancola & 

Chermack, 1998; McCloskey et al., 2006). Furthermore, the validity of the TAP to provoke 

an angry, aggressive response can be assessed directly by examining the average shock 

selected by the participant across the four provocation blocks. Average shock selected 

(range = 0-11) during each provocation block was assessed and used to determine the 

validity of the TAP as an aggression/provocation task.  

 1.2.2.4. Physiological Assessment 
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 Physiological indices were assessed using the Biopac MP150 acquisition system 

and were recorded using AcqKnowledge software version 4.2.1. The system transduced 

the analog signals to digital signals and displays/stores them on a computer. All data were 

collected at the standard of 500Hz. Initial data cleaning was performed with 

AcqKnowledge software (i.e., artifact removal). The electrocardiogram (ECG) data was 

exported to Kubios HRV for analysis, which has demonstrated strong reliability and 

consistent results (Tarvainen, Niskanen, Lipponen, Ranta-Aho, & Karjalainen, 2014). 

Three participants were excluded from HR and RSA analyses due to the inability to 

properly determine their R-spikes and one participant was excluded from the EDA analyses 

due to a technical error with the EDA monitor.   

 Cardiovascular Measures. The average amount of R-spikes that occurred within a 

specific time frame (HR) was used as our primary measure of overall autonomic arousal, 

as it is influenced by both branches of the ANS (Shaffer et al., 2014; Task Force, 1996). 

To determine PNS activity, the R-spike to R-spike interval went through a Fourier 

transformation and the amount of power that occurred within the high frequency (HF) 

range (0.15—0.04 Hz) was used as our primary measure of parasympathetic activity 

throughout the study (i.e., RSA; Task Force, 1996). HR and RSA were each averaged 

during the resting state task and across the TAP. ANS reactivity scores were calculated by 

subtracting resting HR and RSA levels from TAP HR and RSA levels, thereby creating 

HRR and RSAR scores. 

 Electrodermal Response Measures. EDA measures sweat gland activity by 

determining electrical conductance of the skin. EDA activity was averaged during the 
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resting state task and the TAP. A SNS reactivity score was calculated by subtracting resting 

EDA from TAP EDA.   

 1.2.2.5. Self-Report Questionnaires 

The Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004). The 

DERS is a 36-item self-report questionnaire that uses a 5-point scale (range: 1 being 

“almost never” to 5 being “almost always”) to assess emotion dysregulation across six 

domains: non-acceptance of emotional responses (e.g., “When I’m upset, I become angry 

with myself for feeling that way.”), difficulties engaging in goal-directed behavior (e.g., 

“When I’m upset, I have difficulty focusing on other things.”), impulse control difficulties 

(e.g., “When I’m upset, I lose control over my behavior.”), lack of emotional awareness 

(.e.g., reverse coded – “When I’m upset I take time to figure out what I’m really feeling.”), 

limited access to emotion regulation strategies (e.g., “When I’m upset, I believe that 

wallowing in it is all I can do.”), and lack of emotional clarity (e.g., “I have no idea how I 

am feeling.”). The DERS has demonstrated strong internal consistency and test-retest 

reliability as well as adequate construct and predictive validity (Gratz & Roemer, 2004). 

The overall score on the DERS was used as our measure of emotion dysregulation 

(Garofalo, Holden, Zeigler-Hill, & Velotti; Scott, Stepp, & Pilkonis, 2014), with greater 

scores indicating greater levels of emotion dysregulation. The overall score on the DERS 

was internally consistent (α = .95) in the current study. 

 Reactive-Proactive Aggression Questionnaire (RPQ; Raine et al., 2006). The RPQ 

is a 23-item questionnaire that utilizes a 3-point Likert scale (i.e., 0-2) that assesses for 

frequency (i.e., never, sometimes, often) of specific types of behavior (e.g., “Had fights 

with others to show who was on top,” “Gotten angry when others threatened you”).  The 
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RPQ consists of the proactive (12 items; range = 0-24) and reactive (11 items; range = 0-

22) aggression subscales, which have shown differential conceptual validity (Raine et al., 

2006) and internal consistency (α = .75-.86; Fossati et al., 2009). The reactive and proactive 

subscales were used as the study’s dependent variables, with the reactive subscale being 

our measure of trait affective aggression, with greater scores indicating greater levels of 

aggressive behavior. In the current study our measure of trait affective aggression was 

internally consistent (α = .80). Our measure of trait proactive aggression had poor internal 

consistency (α = .44) in part due to an overall low endorsement rate (61% reported no 

proactive aggression). In response, we also examined proactive aggression as a binary 

variable in our main analyses.1  

 1.2.3. Procedures 

Informed consent was provided by all participants and all procedures were 

approved by the university’s Institutional Review Board. Participants completed a two hour 

diagnostic interview conducted by trained graduate-level diagnosticians. All diagnoses 

were assigned using the SCID and confirmed using a best estimate procedure (Klein, 

Ouimette, Kelly, Ferro, & Riso, 1994; Leckman, Sholomskas, Thompson, Belanger, & 

Weissman, 1982), where a written diagnostic report was presented and reviewed by a team 

of diagnosticians who were supervised by a licensed clinical psychologist. This type of 

procedure yields strong inter-rater reliabilities (k = .84, range: .79-.93) across psychiatric 

                                                 
1 Due to low endorsement of any proactive aggression, proactive aggression was also examined as a binary 

(none vs any) variable. No major differences were seen within the results, with the exception of the 

trending interaction between EDAR and emotion dysregulation for trait proactive aggression becoming 

significant. Therefore, we conservatively included the initially proposed analyses in the body of the 

manuscript. 
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disorders. Upon completion of the diagnostic interview, participants completed the DERS 

and RPQ.   

Following the clinical interview and questionnaires, participants were attached to 

physiology equipment. The researcher attached the ECG electrodes ventrolaterally directly 

below the deltoid muscles onto the right and left arms, as well as on the lateral portion of 

the left ankle. A skin conductance monitor was also placed on the middle two fingers of 

the participant’s non-dominant hand to collect EDA data. Fingertip electrodes were 

attached to the index and middle fingers of the dominant hand in order to receive shocks 

for the TAP. 

 Participants then completed a pre-TAP shock-tolerance procedure where they were 

administered a series of escalating shocks at 100-mA intervals to determine when they first 

felt the shock and when it became painful (note: this upper threshold was equal to a “10” 

shock, which they were never administered). After the shock-tolerance procedure, the 

instructions for the TAP were provided to the participant and the fictitious opponent over 

an intercom.  

 Following the threshold procedure there was a brief two minute break before 

participants watched a non-stimulating video (i.e., a clip of “How Its Made”) for five 

minutes to collect resting state physiology data.  

 After the five minute resting state task, each participant then completed 28 TAP 

reaction-time trials. Each trial consisted of the following specific events: (a) the participant 

selects the shock they wish to give the opponent should the participant win; (b) a signal to 

depress the reaction-time key; (c) a signal to release the reaction-time key as quickly as 

possible; (d) feedback regarding the outcome of the trial; (e) feedback regarding the level 
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of shock the opponent set; (f) [for losing trials only] the presence of a one second shock; 

and (g) a five second inter-trial interval. Immediately after the TAP, participants completed 

a short post-task questionnaire to assess acute desire to harm and level of deception. At the 

end of the study, participants were debriefed. 

 1.2.4. Data Analyses   

 Preliminary Analyses. Correlations (age), t-tests (gender) and ANOVAs (race) 

assessed the relationship between demographic and study variables. Where significant 

relationships existed, demographic variables were included as covariates in the primary 

analyses. To determine the validity of the provocation task, we conducted three paired t-

tests on ANS variables (Resting vs. TAP) and a repeated measure ANOVA on in-vivo 

aggression by level of provocation (low, medium, high, extreme). If the repeated measures 

ANOVA was significant, provocation level differences were probed using post-hoc 

Bonferroni corrected t-tests. Finally, correlations assessed the simple relationships within 

ANS reactivity variables and within self-report variables.  

 Primary Analyses. First, correlations assessed the simple relationships between 

ANS reactivity and trait affective and proactive aggression. Six regression analyses 

(controlling for relevant demographic covariates and mean centering the study variables) 

were conducted examining the effect of ANS reactivity, emotion dysregulation, and their 

interaction on the relationships between trait proactive and reactive aggression. Significant 

moderations were probed using Johnson-Neyman technique to determine the exact point 

at which the relationship between the independent and dependent variables change as a 

function of emotion dysregulation (Hayes & Matthes, 2009). Additionally, simple slope 

analyses were used to demonstrate the significant moderations within figures.  



    

 

15 

  

1.3. Results 

1.3.1. Preliminary Results 

For descriptive statistics, see Table 1. Due to high levels of skewness and kurtosis, 

resting and TAP RSA were log transformed, after which they were no longer significantly 

skewed or kurtotic (see Table 1). Age was not associated with any of the ANS (all p > .28) 

or aggression (all p > .12) variables. Males had greater EDAR than females (see Table 2). 

Otherwise, there were no gender or race differences on any other study variables (see 

Tables 2 and 3).  

Table 1     

Descriptive statistics for study variables   

Variables (n) M SD Skewness Kurtosis 

Self-Report     

RPQ Proactive Aggression (76) 0.75 1.20 2.19 5.64 

RPQ Affective Aggression (76) 5.475 3.50 0.48 0.02 

DERS Emotion Dysregulation (76) 72.13 21.93 0.57 -0.70 

     
Physiology      

Resting HR (73) 74.34 12.34 0.70 -0.06 

TAP HR (73) 78.74 13.23 0.76 -0.35 

Resting RSA (73) 2238.58 5168.79 5.76 38.76 

TAP RSA (73) 2233.46 3884.48 3.81 22.69 

Resting Log-RSA (73) 2.91 0.59 0.07 0.67 

TAP Log-RSA (73 3.00 0.53 0.22 074 

Resting EDA (75) 6.38 2.82 1.25 2.48 

TAP EDA (75) 7.62 3.28 1.23 2.68 

Note: RPQ = Reactive-Proactive Aggression Questionnaire; DERS = Difficulties in 

Emotion Regulation Scale; HR = heart rate; RSA = respiratory sinus arrhythmia; 

EDA = electrodermal activity; TAP = Taylor Aggression Paradigm.  
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Table 2     

Study variables as a function of gender  

 Male Female t d 

Aggression Variables     

RPQ Proactive Aggression 0.83 (1.23) 0.57 (.93) 1.02 0.24 

RPQ Affective Aggression 5.17 (3.77) 5.51 (3.07) -0.43 0.10 

DERS Emotion Dysregulation 70.45 (23.83) 73.17 (20.86)  -0.52 0.12 

     

Physiology Variables     

HRR 3.85 (4.65) 5.09 (6.31) -0.88 0.22 

RSAR 0.01 (.24) 0.06 (.26) 0.79 0.20 

EDAR 1.75 (.99) 0.91 (.69) 4.32* 0.98 

Note: RPQ = Reactive-Proactive Aggression Questionnaire; DERS = Difficulties in 

Emotion Regulation Scale; HRR = heart rate reactivity; RSAR = respiratory sinus 

arrhythmia reactivity; EDAR = electrodermal activity reactivity. * p < .01  
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Table 3       

Study variables as a function of race 

 White  Black Asian Other F p
2 

Aggression Variables       

RPQ Proactive Aggression 0.69 (1.13) 0.47 (.80) 0.67 (1.05) 0.75 (1.50) 0.30 0.01 

RPQ Reactive Aggression 5.43 (3.49) 5.41 (2.69) 5.38 (3.91) 4.75 (2.87) 0.10 0.00 

DERS Emotion Dysregulation 71.28 (20.56) 71.94 (24.19) 74.25 (22.33) 72.75 (31.91) 0.10 0.00 

       

Physiology Variables       

HRR 4.43 (5.59) 6.51 (6.96) 4.06 (4.98) 0.74 (1.73) 1.30 0.05 

RSAR 0.06 (.28) 0.09 (.22) 0.11 (.24) 0.19 (.26) 0.40 0.02 

EDAR 1.32 (1.05) 1.29 (.65) 1.00 (.89) 1.08 (.35) 0.50 0.02 

Note: RPQ = Reactive-Proactive Aggression Questionnaire; DERS = Difficulties in Emotion Regulation 

Scale; HRR = heart rate reactivity; RSAR = respiratory sinus arrhythmia reactivity; EDA = electrodermal 

activity reactivity; all p > .05 
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The impact of the TAP on ANS activity and aggression were then assessed. Paired 

(resting state vs TAP) t-tests on HR (d = 1.00, t [72] = -6.89, p < .001), log-RSA (d = 0.64, 

t [72] = -2.73, p < .01) and EDA (d = 2.73, t[75] = -11.75, p < .001) were all significant, 

with all ANS indices increasing during the TAP (see Table 1 for descriptive statistics). A 

repeated measures ANOVA on mean TAP shock selection by level of provocation (low, 

medium, high, extreme) also showed a significant main effect (p
2 = .43, F[3,225] = 57.60, 

p < .001), with aggressive behavior increasing from low to medium and medium to high 

provocation, but not from high to extreme provocation (see Figure 1). These results support 

the validity of the TAP as a provocation task in this study.  

 

Figure 1. Effect of provocation on average shock set. Note: All blocks are significantly 

different at p < .05, except the high & extreme block. 
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As shown in Table 4, the only significant relationship within the ANS reactivity 

variables was a negative association between HRR and RSAR. Among the self-report 

variables, trait proactive aggression, trait affective aggression, and emotion dysregulation 

were all positively correlated (see Table 4).  

Table 4 

Zero-order correlations between study variables 

 HRR RSAR EDAR PA AA ED 

HRR  -0.37** 0.31** -0.24* -0.07 0.11 

RSAR   0.10 0.11 -0.1 -0.10 

EDAR    -0.12 -0.07 -0.09 

PA     0.43** 0.41*** 

AA      0.52*** 

Note: RPQ = Reactive-Proactive Aggression; DERS = Difficulties in Emotion 

Regulation Scale; HRR = heart rate reactivity; RSAR = respiratory sinus arrhythmia 

reactivity; EDAR = electrodermal activity reactivity; PA = RPQ trait proactive 

aggression; AA = RPQ trait affective aggression; ED = DERS emotion dysregulation. 

* p < .05, ** p < .01, *** p < .001. 

 

1.3.2. Primary Analyses 

Simple correlations assessing the relationship between ANS reactivity and trait 

proactive and affective aggression found that only HRR was negatively associated with 

trait proactive aggression (see Table 4). Six regression analyses (PROCESS; Hayes, 2013) 

assessed whether emotion dysregulation moderated any of the relationships between ANS 

reactivity and trait proactive and affective aggression. All regression models were 

significant, with emotion dysregulation uniquely predicting increased trait proactive and 

affective aggression across all regressions (see Table 5 & 6).    
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Table 5   
 

 
Final Models examining the effect of ANS reactivity, emotion dysregulation, and their 

interaction on trait proactive aggression 

Variable ΔR2 Β SE B  β     t 

HRR  -0.04 0.02 -0.23 -2.12* 

Emotion Dysregulation  0.023 0.01 0.47 4.60*** 

HRR × Emotion Dysregulation .02 < 0.001 0.001 -0.16 -1.46 

 
 

    

RSAR  0.58 0.43 0.14 1.35 

Emotion Dysregulation  0.02 0.01 0.50 4.94*** 

RSAR × Emotion Dysregulation .08 0.07 0.02 0.29 2.84** 

 
 

    

Gender  -0.46 0.25 -0.22 -1.85a 

EDAR  -0.21 0.14 -0.18 -1.56 

Emotion Dysregulation  0.02 0.01 0.41 3.98** 

EDAR × Emotion Dysregulation  .04 -0.01 0.01 -0.19 -1.86a 

Note: Reactive-Proactive Aggression Questionnaire assessed trait proactive aggression; 

Difficulties in Emotion Regulation Scale assessed emotion dysregulation; ANS = 

autonomic nervous system; HRR = heart rate reactivity; RSAR = respiratory sinus 

arrhythmia reactivity; EDAR = electrodermal activity reactivity; * p < .05, ** p < .01, 

*** p < .001, a p = .07 

 

The first three regressions focused on trait proactive aggression (see Table 5). The 

model examining HRR (R2 = .31, F[3,69] = 10.22, p < .001) found that blunted HRR 

independently predicted trait proactive aggression but there was no interaction with 

emotion dysregulation.  Within the models examining RSAR (R2 = .30, F[3,69] = 10.09, p 

< .001) and EDAR (R2 = .25, F[4,70] = 5.87, p < .001) there was a significant or (for 

EDAR) trending interaction with emotion dysregulation (see Table 5), such that RSA 

augmentation and blunted EDAR began to predict to increased trait proactive aggression 

once participants were 0.18 SDs (β = .24, p < .05) and 0.24 SDs (β = -.24, p < .05)  above 

the mean on emotion dysregulation, respectively (see Figures 2 & 3). Thus, RSA 

augmentation and (at a trend level) blunted EDA are associated with trait proactive 
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aggression if individuals are at the least slightly above the sample mean on emotion 

dysregulation.   

 

Figure 2. Effect of RSAR and emotion dysregulation on trait proactive aggression. Note: 

Reactive-Proactive Aggression Questionnaire assessed for trait proactive aggression; RSA 

= Respiratory Sinus Arrhythmia; DERS = Difficulties in Emotion Regulation Scale; ED = 

DERS emotion dysregulation; one standard deviation below the mean on RSA reactivity = 

RSA withdrawal; mean value on RSA reactivity  = average RSA reactivity; one standard 

deviation above the mean on RSA reactivity = RSA augmentation; one standard deviation 

below the mean on ED = low ED; mean value on ED = average ED; one standard deviation 

above the mean on ED = high ED.   
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Figure 3. Effect of EDAR and emotion dysregulation on trait proactive aggression. Note: 

Reactive-Proactive Aggression Questionnaire assessed for trait proactive aggression; 

EDAR = electrodermal activity reactivity; DERS = Difficulties in Emotion Regulation 

Scale; ED = DERS emotion dysregulation; one standard deviation below the mean = low; 

mean value = average; one standard deviation above the mean = high. Controlling for 

gender and trending interaction (p = .06).  
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Table 6     
Final Models examining the effect of ANS reactivity, emotion dysregulation, and their 

interaction on trait affective aggression 

Variable ΔR2 Β SE B β     t 

HRR  -0.06 0.06 -0.10 -0.91 

Emotion Dysregulation  0.09 0.02 0.57 5.73*** 

HRR × Emotion Dysregulation .01 < 0.001 < 0.001 -0.09 -0.86 

 
 

  
 

 

RSAR  -0.80 1.27 -0.60 -0.62 

Emotion Dysregulation  0.09 0.02 0.59 6.07*** 

RSAR × Emotion Dysregulation .05 0.18 0.07 0.23 2.41* 

 
 

  
 

 

Gender  0.05 0.76 0.01 0.07 

EDAR  -0.06 0.41 -0.02 -0.16 

Emotion Dysregulation  0.08 0.02 0.52 5.25*** 

EDAR × Emotion Dysregulation  .05 -0.05 0.02 -0.22 -2.20* 

Note: Reactive-Proactive Aggression Questionnaire assessed trait affective aggression; 

Difficulties in Emotion Regulation Scale assessed emotion dysregulation; ANS = 

autonomic nervous system; HRR = heart rate reactivity; RSAR = respiratory sinus 

arrhythmia reactivity; EDAR = electrodermal activity reactivity;  * p < .05, ** p < .01, 

*** p < .001 

 

 The second group of three regressions focused on trait affective aggression (see 

Table 6). The model examining HRR (R2 = .34, F[3,69] = 11.77, p < .001) found no main 

effect of HRR nor any significant interaction between HRR and emotion dysregulation (see 

Table 6). Within the models examining RSAR (R2 = .34, F[3,69] = 13.44, p < .001) and 

EDAR (R2 = .31, F[4,70] = 8.05, p < .001), there were significant interactions with emotion 

dysregulation (see Table 6), such that RSA augmentation and blunted EDAR began to 

predict  increased trait affective aggression once participants were 1.83 SDs (β = .46, p < 

.05) and 1.61 SDs (β = -.46, p < .05) above the mean on emotion dysregulation, 

respectively (see Figures 4 & 5). However, RSA augmentation predicted decreased trait 

affective aggression once emotion dysregulation was 0.71 SDs (β = -.26, p < .05) or more 

below the mean. As such, RSA augmentation and blunted EDAR are primarily associated 
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with trait affective aggression among individuals elevated on emotion dysregulation, while 

RSA augmentation predicts lower levels of affective aggression among those low on 

emotion dysregulation.  

 

Figure 4. Effect of RSAR and emotion dysregulation on trait affective aggression. Note: 

Reactive-Proactive Aggression Questionnaire assessed for trait affective aggression; 

RSAR = Respiratory Sinus Arrhythmia Reactivity; DERS = Difficulties in Emotion 

Regulation Scale; ED = DERS emotion dysregulation; one standard deviation below the 

mean on RSA reactivity = RSA withdrawal; mean value on RSA reactivity  = average RSA 

reactivity; one standard deviation above the mean on RSA reactivity = RSA augmentation; 

one standard deviation below the mean on ED = low ED; mean value on ED = average ED; 

one standard deviation above the mean on ED = high ED.   
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Figure 5. Effect of EDAR and emotion dysregulation on trait affective aggression. Note: 

Reactive-Proactive Aggression Questionnaire assessed for trait affective aggression; 

EDAR = electrodermal activity reactivity; DERS = Difficulties in Emotion Regulation 

Scale; ED = DERS emotion dysregulation; one standard deviation below the mean = low; 

mean value = average; one standard deviation above the mean = high.  Controlling for 

gender. 
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strength of these relationships. Our hypotheses were partially supported. Blunted overall 

ANS reactivity (HRR) was associated with trait proactive aggression. Emotion 

dysregulation also moderated the relationship between PNS reactivity (RSAR) for both 

trait proactive and affective aggression. Specifically, among individuals who scored (at 

least) slightly above average on emotion dysregulation, PNS augmentation predicted trait 

proactive aggression, while among those with elevated emotion dysregulation, PNS 

augmentation predicted trait affective aggression. In contrast to our hypotheses, when 

emotion dysregulation was low PNS augmentation predicted lower levels of trait affective 

aggression. Emotion dysregulation also moderated the relationship between SNS reactivity 

and trait proactive aggression (at a trend level) and affective aggression, such that blunted 

SNS reactivity was associated with increased trait proactive and affective aggression 

among those elevated on emotion dysregulation.  

1.4.1. ANS Reactivity, Emotion Dysregulation, & Proactive Aggression 

 Consistent with previous literature (Hubbard et al., 2002; Murray-Close & Rellini, 

2012), blunted overall ANS reactivity (HRR) was associated with increased trait proactive 

aggression, even when controlling for emotion dysregulation. This suggests that 

individuals with reduced overall ANS reactivity to provocation may be more likely to use 

aggression as a tool (e.g., to intimidate others, social dominance, personal gain) regardless 

of emotion regulation capacity. This supports the fearlessness theory of aggression (Ortiz 

& Raine, 2004; Raine & Jones, 1987; Scarpa & Raine, 1997), which proposes that ANS 

hypo-reactivity may be indicative of low levels of fear when provoked, and as such may 

make individuals less responsive to potential punishment (e.g., long-term consequences) 

and more focused on their own goals. Simultaneously, it may be the case that during 
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provocation, blunted HRR reflects a deficit in empathy (Armenti & Babcock, 2018; de 

Wied, van Boxtel, Matthys, & Meeus, 2012) for the potential victim and thereby removes 

the physiological deterrent to engage in “cold-blooded” aggression to get what one wants 

(Babcock, Tharp, Sharp, Heppner, & Stanford, 2014). 

While there was no simple association between PNS reactivity (RSAR) and trait 

proactive aggression, PNS augmentation was associated with trait proactive aggression 

among individuals who were (at the least) slightly above the sample mean on emotion 

dysregulation. PNS augmentation during times of threat may be associated with non-fearful 

attention (i.e., vigilance; Katz, 2007), which, among individuals with greater emotion 

dysregulation, this may (a) allow them to remain calm and focused during a provocation 

which helps them determine potential ways to reduce the threat and/or get what they want 

from the situation, and (b) in the absence of other regulatory means, increase the reliance 

on proactive aggression to get what they want (e.g., aggressing vs. comprise). This is 

supported by previous literature where individuals who are highly goal focused (i.e., high 

on psychopathy and narcissism) also demonstrate PNS augmentation during provocation 

and are generally the most proactively aggressive (Centifanti et al., 2013). Comparatively, 

PNS augmentation may not be predictive of trait proactive aggression among individuals 

who have greater emotion regulation capacity, as these individuals may choose other means 

to regulate situations to get what they want (e.g., through interpersonal effectiveness skills) 

or by demonstrating acceptance of not getting their way (i.e., emotional/situational 

acceptance).  

There was also a (trending) interaction between SNS reactivity and emotion 

regulation on trait proactive aggression, such that blunted SNS reactivity predicted 
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increased trait proactive aggression among individuals who were (at the least) slightly 

above the sample mean on emotion dysregulation, which was consistent with previous 

studies (Centifanti et al., 2013).  Considering blunted SNS reactivity is also associated with 

fearlessness/callousness (Thomson et al., 2019), this finding suggests that blunted SNS 

reactivity may be related to reduced feelings of fear and/or a lack of empathy that would 

reduce potential deterrents of using proactive aggression (e.g., fear of legal action or loss 

of friends, guilt; Ortiz & Raine, 2004; Raine, 2002). This may be more of a factor among 

those who are higher on emotion dysregulation (e.g., quick to anger/frustration when they 

are not getting their way), as these individuals may lack other, more effective interpersonal 

strategies that would preclude the need to resort to aggression. However, considering the 

lack of an overall relationship between SNS and proactive aggression as well as the only 

trend level moderation, this potential association should be interpreted cautiously.  

 1.4.2. ANS Reactivity, Emotion Dysregulation, and Affective Aggression. 

 PNS augmentation was associated with increased affective aggression for those 

well (1.83 SDs) above the sample mean on emotion dysregulation. However, PNS 

augmentation was also associated with decreased affective aggression among those at least 

.71 SDs below the sample mean on emotion dysregulation. Thus PNS augmentation, which 

increases capacity to focus, seems to accentuate the relationship between emotion 

regulation and aggression, becoming either an aggression risk or protective factor, 

depending on one’s ability to regulate their emotion. A potential explanation is that, for 

those who are able to remain calm and regulate their emotion (low emotion dysregulation), 

PNS augmentation increases focus and attention on developing and enacting adaptive 

solutions rather than aggressing. In contrast, among individuals unable to effectively 
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regulate their affect, PNS augmentation increases focus on the emergent negative affect, 

leading to anger rumination, which is associated with both emotion dysregulation and 

increased aggression (Fahlgren, Puhalla, Sorgi, & McCloskey, 2019; White & Turner, 

2014). Though viable, this hypothesis is admittedly speculative and will require further 

study.   

 Similar to the trait proactive aggression findings, blunted SNS reactivity was 

associated with trait affective aggression, specifically among those substantially (> 1.61 

SDs) above the sample mean on emotion dysregulation. This is contrary to the frustration-

aggression theory and suggests that blunted, rather than increased, SNS response (which 

may indicate a lack of physiological feedback about one’s emotion) may increase the 

potential for affective aggression among those with impaired ability to regulate such 

emotions. Though speculative, some support for this interpretation comes from research 

showing that those who engage in high levels of affective aggression often describe it as a 

“0 to 100” phenomenon (Rappaport, Frazier, Connor & Mattison, 2006), suggesting they 

do not experience a strong enough SNS response at lower levels of negative affect to inform 

them of how they are feeling.  This would also be consistent with findings that affectively 

aggressive individuals have difficulties noticing (Roberton, Daffern, & Bucks, 2015) and 

identifying (Fahlgren et al., 2019) their emotions. Alternatively, having poor SNS feedback 

may increase affective aggression by reducing fear and affective empathy during an 

altercation (Thomson et al., 2019), though it is not clear why fear, but not anger would be 

reduced in such a situation. Finally, it is possible that blunted SNS reactivity among those 

with impaired emotion regulation may reflect some level of physiological habituation to 

perceived provocation in the absence of emotional habituation. In this way it is even 
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possible that high levels of affective aggression may have led to a blunted SNS response 

to provocation, via increased exposure to conflict and subsequent physiological habitation 

of provocation. Whatever the reason, the relationship between a blunted SNS response and 

affective aggression does seem to be moderated by general emotion regulation ability, 

suggesting that even a moderate capacity to control one’s emotion can potentially mitigate 

the relationship between a blunted SNS response and one’s propensity for affective 

aggression.   

14.3. Conclusion, Future Directions, & Limitations 

 Our primary study finding is that among the moderately to more substantially 

emotionally dysregulated (at least relative to the sample mean), blunted ANS reactivity 

across branches was associated with both trait proactive and affective aggression. Though 

the design of the study precludes any clear causal relationship between ANS dysregulation 

and aggression, if ANS dysregulation does impact predisposition for aggression as many 

have theorized (Beauchaine, 2015; Ortiz & Raine, 2004), our study findings suggest  

focusing on teaching emotion regulation strategies may be an effective way to reduce the 

impact of ANS reactivity on aggression. Emotion regulation strategies, such as providing 

counter strategies for those who are over attentive to / focused on threat and increasing 

awareness/clarity of one’s emotions among individuals who may experience little to no 

physiological feedback to inform them of their emotions, may be particularly useful for 

individuals showing PNS augmentation and blunted SNS reactivity, respectively (Barlett 

& Anderson, 2011; Frazier & Vela, 2014; Roberton, Daffern, & Bucks, 2012; Cohn, 

Jakupcak, Seibert, Hildenrandt, & Zeichner, 2010; Wilkowski & Robinson, 2008). Indirect 

support for this thesis is provided by several studies that show teaching adaptive emotion 
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regulation skills (e.g., cognitive reappraisal, deep breathing, opposite action; Frazier & 

Vela, 2014; McCloskey et al., 2008) and mindfulness techniques (e.g., emotional 

awareness, clarity, and mindfulness meditation; Donahue, Santanello, Marsiglio, & Van 

Male, 2017; Wupperman et al., 2015) can substantially reduce aggressive behavior. In the 

case of PNS augmentation, the improved emotion regulation may even lead to PNS 

augmentation becoming protective.   

 This study was the first to examine ANS reactivity (across branches) to provocation 

and its association with trait affective and proactive aggression, as well as determine how 

emotion dysregulation moderated these relationships. However, it still had several 

limitations. The current study examined an undergraduate sample who were not seeking 

treatment for aggression difficulties. This may have limited the range of aggression, as 

suggested by the low level of endorsement of proactive aggression. Future studies may 

benefit from examining clinical samples to extend the current findings to pathological 

levels of aggression. Moreover, while the current study examined self-reported emotion 

dysregulation as a moderator, it did not determine if the participants were actively using 

regulatory strategies during the task. As such, future studies may benefit by assessing what 

regulatory strategies individuals may be using during the provocation task to determine 

how this effects both the ANS reactivity and its’ relationship with aggression. Additionally, 

as the current study only examined a self-reported measure of emotion dysregulation, 

future studies may want to utilize behavioral measures to assess emotion dysregulation to 

reduce the impact of under reporting one’s negative or unfavorable behaviors. Furthermore,    

the current study did not examine other common risk-factors (e.g., emotional reactivity, 

sensation seeking) that may contribute to the underlying relationship between ANS 



    

 

32 

  

functioning and aggression (see Lorber, 2004; Murray-Close et al., 2017). Thus, future 

studies would benefit from examining the impact of such variables on the relationship 

between ANS reactivity, emotion dysregulation, and aggression.  

  This study also demonstrated several strengths, including assessing ANS reactivity 

across branches while using a standardized resting state task, which many previous studies 

have neglected. It also used well-validated measures of provocation, aggression, and 

emotion dysregulation. Moreover, it excluded individuals with potential health problems, 

substance misuse, and psychological comorbidities that are known to impact ANS 

functioning.  

 This study helped elucidate the relationships between ANS reactivity, emotion 

dysregulation, and trait proactive and affective aggression, by showing that ANS 

reactivity’s relationship with aggression may be more dependent on emotion dysregulation 

then whether the aggression is proactive or affective. This suggests that interventions 

focusing on emotion regulation strategies may decrease the influence of ANS reactivity on 

aggression independent of function. Future research may benefit from more nuanced 

examinations of emotion dysregulation to better target such interventions. Finally, as the 

current study only examined these relationships in young adulthood, it may be beneficial 

to determine developmental sensitive periods for ANS functioning and learning emotion 

regulation skills by examining these relationships through cross-sectional or longitudinal 

studies beginning in childhood. This then may allow us to determine the best time to 

implement interventions that affect the relationship between ANS reactivity and 

aggression, and thereby prevent the lifelong difficulties and consequences that accompany 

aggression. 
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CHAPTER 2 

AGGRESSION AND PHYSIOLOGICAL REACTIVITY TO PROVOCATION: A 

SYSTEMATIC REVIEW 

2.1. Introduction 

2.1.1. Aggression: Effects, Form, and Function 

Aggression, defined as an act to intentionally cause harm toward other individuals 

(Anderson & Bushman, 2002), is considered a worldwide public health problem (McCall 

& Shields, 2008) that cost society hundreds of billions of dollars in lost work productivity 

and annual health care expenses (Hassard, Teoh, Visockaite, Dewe, & Cox, 2017; Krug, 

Dahlberg, Mercy, Zwi, & Lozano, 2002). Aggression is also a common behavior with 80% 

of individuals engaging in some form of aggression throughout their lifetime (Newton, 

Connelly, & Landsverk, 2001) and 5% reaching pathological levels of aggression (Kessler 

et al., 2006).  

Aggressive behavior can vary in both form and function. With regard to form, 

aggression can be physical (e.g., punching someone), verbal (e.g., yelling and/or cursing 

at someone) or relational (e.g. spreading negative rumors about someone). In contrast to 

verbal and physical aggression, which are more direct, relational aggression harms an 

individual via harming their relationships with others (Archer & Coyne, 2005; Crick & 

Grotpeter, 1995). Thus, all forms of aggression share the common underlying desire to do 

harm to another (Anderson & Bushman, 2002). However, the underlying driving factors to 

engage in specific forms of aggression may differ. 

While all forms of aggression may share the intent to harm others and some similar 

risk-factors (e.g., anger rumination, affective lability; Anestis, Anestis, Selby, & Joiner, 
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2009; McCloskey, Lee, Berman, Noblett, & Coccaro, 2008), physical aggression may 

differ from non-physical aggression in other key ways. Specifically, non-physical forms of 

aggression may be driven more by contextual factors (e.g., community and cultural norms; 

Champion & Durant, 2001) and situational factors (e.g., level of peer victimization; 

Sijtsema et al., 2011) which may be partially associated with their (relatively) greater 

acceptability. While these same contextual/situational factors may also be associated with 

physical aggression, comparatively, variation in physical aggression seems less 

context/situation dependent (Murray-Close et al., 2014; Sitjema et al., 2011) and more 

biologically influenced. Supporting this, physical aggression is shown to have a greater 

genetic influence (Dionne et al., 2003 Lacourse et al., 2014; Simonoff et al., 1998; Tuvblad 

& Baker, 2011) than non-physical aggression (Coccaro et al., 1997; Czajkowski et al., 

2008; Tuvblad & Baker, 2011). Furthermore, brain abnormalities have been more strongly 

linked with physical aggression that non-physical aggression (see Raine, 2013 or Yang & 

Raine, 2009 for review). Collectively, this suggests that physical aggression may be more 

biologically driven compared to non-physical aggression. However, this distinction is in 

aggression form and does not consider aggression function. 

Aggressive behavior can also serve different functions with the most prominent 

distinction being between proactive and reactive aggression (Babcock, Tharp, Sharp, 

Heppner, & Stanford, 2014; Poulin & Boivin, 2000). Proactive (aka instrumental) 

aggression is aggression that is performed to reach a specific goal other than harming the 

individual (e.g., intimidation, social gain; Babcock et al., 2014; Crick & Dodge, 1996) and 

for which anger is not a primary motivator for the aggressive behavior. That is, during 

proactive aggression the harm is a means to an end, rather than the end goal. In contrast, 
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reactive (aka hostile or affective) aggression is aggression that is performed with the 

primary goal of causing harm to others (Babcock et al., 2014). As such reactive aggression 

is typically preceded by a specific threat/provocation, and is a behavioral response to 

feelings of anger (Babcock et al., 2014; Crick & Dodge, 1996). Thus, individuals who 

frequently engage in reactive aggression tend to have difficulty controlling their anger 

(Murray-Close, Ostrov, Nelson, Crick, & Coccaro, 2010). 

 Across form and function, increased aggression is also associated with significant 

dysfunction, with those who engage in excessive aggression experiencing increased 

interpersonal difficulties (Deffenbacher, Oetting, Lynch, & Morris, 1996; Seah & Ang, 

2008; Soenens, Vansteenkiste, Goossens, Duriez, & Niemiec, 2008), emotion 

dysregulation (Donahue, Goranson, McClure, & Van Male, 2014; Fettich, McCloskey, 

Look, & Coccaro, 2015; Puhalla, Ammerman, Uyeji, Berman, & McCloskey, 2016; 

Sullivan, Helms, Kliewer, & Goodman, 2010), psychological distress (Fite, Rubens, 

Preddy, Raine, & Pardini, 2014; Kulper, Kleiman, McCloskey, Berman, & Coccaro, 2015; 

Marsee, Weems, & Taylor, 2008; Polcari, Rabi, Bolger, & Teicher, 2014), and even health 

problems such as cardiovascular disease (McCloskey, Kleabir, Berman, Chen, & Coccaro, 

2010; Siegman & Smith, 2013; Smith, Glazer, Ruiz, & Gallo, 2004). This link between 

aggression and cardiovascular problems suggests a potential role for the autonomic nervous 

system (ANS), which governs cardiovascular activity (Porges, 2007), in aggression. 

2.1.2 Functioning and Measurement of ANS Activity 

The ANS is responsible for controlling and maintaining biological regulatory functions, 

such as heart rate, blood pressure, respiration, and digestion. As such, the ANS is heavily 

influenced by cortical structures and the central autonomic network (CAN), which is 
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believed to orchestrate physiological, affective, cognitive, and social responses to 

environmental challenges by activating various components of the ANS via the vagus 

nerve (Thayer & Lane, 2000, 2009). Specifically, the vagus nerve influences the 

parasympathetic nervous system (PNS), often referred to as the “rest and digest” branch of 

the ANS which is associated with maintaining homeostatic functions, by activating the 

sinoartrial node on the heart (Porges, 1995, 2007). This vagal activation acts as a “break” 

on the heart’s natural pacemaker and thereby reduces heart rate (HR) and blood pressure 

(BP; Porges, 2007; Carter, Bartal, & Porges, 2017). The vagus nerve also influences the 

sympathetic nervous system (SNS), often referred to as the “fight or fight” branch of the 

ANS which is associated with priming the body to respond to external or internal stressors, 

by actively inhibiting the SNS’s effect on the heart (Porges , 2001). Thus, the vagus nerve 

can influence both branches of the ANS by either providing a “brake” to the heart’s natural 

pacemaker or removing that “brake” to allow SNS activation to occur (i.e., vagal 

withdrawal; Porges, 2001, 2007). This suggests that when the environment is perceived as 

safe and non-threatening vagal control allows individuals to remain calm and engage in 

appropriate social behaviors. Conversely, during times of perceived threat or stress vagal 

withdrawal allows for quick reductions in PNS influence and thereby rapid mobilization of 

ANS resources to respond appropriately (i.e., the polyvagal theory; Porges, 2001, 2007).  

One way to examine ANS functioning is through cardiovascular activation. HR 

corresponds to overall activation of the ANS and may be used as a measure of overall 

arousal level, as both the SNS and PNS have opposing influence over HR (Task Force, 

1996; Shaffer, McCraty, & Zerr, 2014). Thus, variations in HR reflect the interplay 

between the SNS and PNS, and how well this system is able to adapt to the environment 
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(Porges, 2001, 2007; Thayer & Lane, 2000, 2009). This suggests that resting heart rate 

variability (HRV) may be indicative of how flexible and capable the ANS is at regulating 

physiological and affective systems (Thayer & Lane, 2009). However, resting HRV does 

not provide insight into how the ANS responds to specific challenges, nor how this 

reactivity may be associated with one’s ability to adapt to those specific challenges. Thus, 

it may be useful to examine both measures of resting and reactive ANS activity in order to 

elucidate the relationship between aggression and general ANS functioning/modulation, as 

well one’s ability to physiologically adapt to specific types of stimuli that may elicit greater 

aggressive responding (e.g., provocation). There are also several ways to measure HRV, 

with different measures being indicative of different ANS and cardiovascular functions. 

HR and HRV can be measured by an electrocardiogram (ECG) by recording and 

determining each individual heart beat (R-spike). HR is simply the average amount of R-

spikes that occurred within a specific time frame, while calculating HRV (variation in time 

between heart beats) is more complex with a multitude of ways to calculate HRV (for a 

complete review see Shaffer et al., 2014), with the most common measure being respiratory 

sinus arrhythmia (RSA; i.e., HR changes due to respiration and other vagal mediated 

functions; Laborde, Mosley, & Thayer, 2017; Task-Force, 1996). As such, RSA is 

primarily reflective of (vagal-mediated) parasympathetic activity (Laborde et al., 2017; 

Task-Force, 1996), with greater RSA suggesting greater PNS modulation/activation.  

Beyond HR and HRV, many studies also collect other psychophysiological 

measures. BP is sometimes used as a proxy for overall ANS activity (Gump et al., 1999), 

and while BP variability can be used to measure how well one is able to regulate their blood 

pressure functioning (e.g., baroreflex responsiveness; Vaschillo, Vaschillo, & Lehrer, 
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2006), most aggression studies that examine BP only collect single recordings instead of 

an average over a period of time, which limits its utility as a measure of ANS reactivity. 

While cardiovascular measures are widely used to examine overall ANS and PNS 

reactivity, electrodermal activity (EDA; i.e., the amount of perspiration that occurs on a 

specific area of the body) is the most common measure of SNS activity as it is under 

exclusive control of the SNS (Blascovich & Kelsey, 1990; Venables & Christie, 1980). 

EDA is collected by a skin conductance monitor attached to bodily areas of high sweat 

gland activity (e.g., the fingers, palms), and can be calculated either as the average amount 

of sweat gland activity over a period of time (a.k.a. average EDA) or as the magnitude of 

a response directly after a stimuli (a.k.a. galvanic skin conductance response). There are 

also cardiovascular measures of SNS activity (i.e., pre-ejection period), however, they are 

less commonly used within aggression studies, possibly due to the necessity of more 

advanced and costly physiology equipment and analyses.    

2.1.3. ANS activity and Aggression 

Aggression, across forms and functions, has been repeatedly shown to be negatively 

associated with resting HR (Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farrington, 

2015) suggesting that aggressive individuals are under-aroused at rest. With regard as to 

why this may be so, the Sensation-Seeking Theory of Aggression posits that individuals 

who experience general under-arousal may engage in behavior designed to achieve an 

optimal (greater) level of arousal (e.g. act out aggressively) despite the potential negative 

consequences of these actions (Eysenck, 1997; Van Goozen, Fairchild, H., & Harold, 

2007). Alternately, general under-arousal may be indicative of reduced ANS feedback 

while at rest, which may be associated with a deficient ability for the ANS to prompt 
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anticipatory anxiety/fear about the possible negative consequences of engaging in 

aggressive behavior (i.e., Fearlessness Theory of Aggression; Ortiz & Raine, 2004; Raine 

& Jones, 1987; Scarpa & Raine, 1997). Similar to HR, the literature on resting RSA 

generally suggests that resting RSA is negatively associated with aggression (Beauchaine, 

Hong, & Marsh, 2008; Gyurak & Ayduk, 2008). However, this may vary by aggression 

function as RSA seems to be negatively associated with reactive aggression (Scarpa, 

Haden, & Tanaka, 2010; Xu, Raine, Yu, & Krieg, 2014), and positively with proactive 

aggression (Scarpa et al., 2010). Thus, differential resting ANS patterns may be predictive 

of trait aggression and (at least with respect to PNS) may differentiate trait reactive versus 

proactive aggression (Scarpa et al., 2010; Xu et al., 2014). However, these findings are 

specific to resting ANS and do not include ANS reactivity.     

 To date, the literature on ANS reactivity and aggression has been limited and the 

findings equivocal (see Lorber, 2004, Patrick, 2008, 2014, Scarpa & Raine, 1997). The one 

meta-analysis conducted to date found only a weak positive association between aggression 

(across self-report and real-time measurement) and both HR reactivity (HRR) and EDA 

reactivity (EDAR; see Lorber, 2004). Thus it remains unclear whether overall ANS and 

SNS hyper-reactivity is meaningfully related to aggression. One potential reason for these 

weak and inconsistent findings is that previous studies typically have not considered the 

distinctions between aggression forms (i.e. physical versus non-physical) and / or functions 

(i.e., proactive versus reactive aggression; Lorber, 2004). For example, considering 

physical aggression is more heritable compared to non-physical forms of aggression 

(Guillemin et al., 2014; McDermott & Hatemi, 2017), this may suggest a stronger 

biological (e.g., ANS) component to physical aggression.   
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 With regard to aggression function, the relative “calm” and lack of fear or anger 

associated with proactive aggression may suggest decreased ANS reactivity. There is 

already some preliminary support for this as those with more trait proactive aggression may 

show less (aka blunted) PNS reactivity (see Patrick, 2014).  In contrast, the increased affect 

associated with reactive aggression may be linked to increased ANS (including PNS and 

SNS) reactivity.  

 Another limitation of the aggression – ANS literature is that, though these studies 

typically include some form of provocation, there has been no systematic review of the 

effect of provocation type on the relationship between ANS functioning and aggression. 

Considering provocation is the primary antecedent of aggression (Denson, Pedersen, 

Friese, Hahm, & Roberts, 2011) and that type of provocation (e.g., directly experiencing 

vs. imaginal/reconstruction) may influence ANS reactivity and its association with 

aggression (Murray-Close, Holterman, Breslend, & Sullivan, 2017), this warrants further 

investigation.  

2.1.4. Current Review 

  The current review aimed to expand our understanding of how ANS reactivity to 

provocation is associated with aggression. We did this by providing a systematic evaluation 

of the current literature on the relationship between ANS reactivity in response to 

provocation and overall aggression, and the extent to which these finding did or did not 

differ based on (a) aggression form with an emphasis on physical vs. non-physical forms 

of  aggression, (b) aggression function (i.e., proactive vs. reactive), and (c) different types 

of provocation (i.e. imaginal reconstruction, experimentally administered, romantic partner 
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administered). Lastly, these findings were discussed in the larger contexts of the aggression 

literature.  

2.2. Method 

2.2.1. Search Strategy and Study Eligibility 

This systematic review included articles published over the past 30 years (i.e. 

December 1987 through December 2017). An electronic search on the following databases 

was carried out: psycINFO, psychArticles, ERIC, MEDLINE, and PUBMED. After the 

following databases were searched, a wide-range search using google scholar, as well as 

an examination of Lober’s (2004) meta-analysis and Patrick’s (2014) review, were 

conducted to capture any remaining reactivity articles. During the electronic searches, the 

following search terms were included:  

a) Aggression or Violence (AND) 

b) Provocation  (AND) 

c) Heart rate OR skin conductance OR vagal tone OR Respiratory Sinus Arrhythmia 

OR physiology.  

These terms were also searched with the term reactivity attached to them when entered 

into google scholar to refine the search.  

All studies were screened for eligibility based on the inclusion criteria: a) included 

a task that assessed physiological reactivity to a provocation (e.g., reconstructing a 

previous provocation, a game where the opponent cheats); b) examined the association 

between physiological reactivity to the provocation and aggression (e.g., self-report or 

real-time behavioral measures of aggression); c) an experimental study design (i.e., no 

case studies); and d) in the English language. The review only examined studies that used 
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provocation to assess the ANS reactivity – aggression relationship. Aggression 

provocation was defined as a task in which participants were confronted by some type of 

interpersonal (a.k.a. provided by another individual) situation that was meant to elicit 

anger and increase the desire to aggress against another person (Denson et al., 2011; Jones 

& Paulhus, 2010). Examples of tasks that did not meet this inclusion criterion included 

arithmetic tasks, executive functioning tasks, and stressor tasks that did not have an 

individual attempting to irritate, frustrate, or anger the participant (e.g., public speaking 

stress tasks).  

2.2.2. Data Extraction  

A total of 741 articles were initially identified by the above search strategy, with 

44 papers being selected for detailed analyses based on the content of the abstracts. An 

additional 19 studies were found via google scholar. Of the 63 papers that were examined, 

44 did not fit initial search criteria after further examination. The remaining 18 papers were 

reviewed for additional relevant studies that were not found in the initial electronic search. 

Through this process, 7 additional papers were found and included. The final search yielded 

25 studies for the review (See Figure 6).  
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Figure 6. Flow chart showing the article-identification process  

 

2.2.3. Aggression Form and Function Variables  

 Among the final sample of 25 studies included in this review, there was 

heterogeneity in both form and function of aggression examined, as well as method of 

examining aggression.  Specifically, the most common forms of aggression examined were 
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physical (n = 12) and relational (n = 8) aggression, with only three studies examining both. 

Eight studies also examined verbal aggression, with six of those also examining physical 

aggression. Less common forms of aggression were overall aggression (n = 4) and a 

monetary form of aggression (n = 2).  Among the studies that examined physical 

aggression, the majority did so by using self-report measures (n = 10), while three studies 

used a behavioral measures of physical aggression, one of which also used self-report to 

assess physical aggression. All the studies that examined relational aggression used self-

report measures, while the studies that examined verbal aggression used both self-report (n 

= 6) and behavioral (n = 6) measures, with four using both. The studies that examined 

overall aggressiveness all used self-report measures, while the studies that examined 

monetary aggression only used a behavioral measure. In regards to the function of 

aggression, only six studies directly examined both proactive and reactive aggression with 

the majority examining self/other report measures (n = 5) and one examining a behavioral 

measure.  

2.2.4. Provocation Task 

There was also heterogeneity in the type of provocation task that was used to elicit 

ANS reactivity (see Table 7 for details). Of the 25 studies, 10 had participants 

reconstruct/imagine a past instance of being provoked by another, either with or without 

visual/audio assistance; 11 used experimentally induced provocation (i.e., shock, noise 

blasts, money or social exclusion) with a (unbeknownst to the participant, fictitious) 

stranger; and six had participants engage in real-time conflict with their romantic partners 

by having them discuss topics that they disagreed upon. To note, two studies used multiple 

types of provocation tasks.
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Table 7. 

Association between ANS reactivity to provocation and aggression 

Author Year N Gender  

(% F) 

Age/ 

Grade 

Provocation 

type 

Aggression 

Form 

Aggression 

Function 

ANS 

Measure 

Primary findings  

Babcock et 

al. 

2004 52 Male 32 Conflict 

Discussion 

Physical 

verbal 

N/A HRR No difference between groups, only 

association was a positive one between 

HRR and verbal aggression among low-

violent men 

Babcock  et 

al. 

2005 93 Male 32 Conflict 

Discussion 

Physical 

Verbal 

N/A HRR EDAR Severely violent men had a negative 

association between HRR/EDAR with 

aggression, while low-level and non-violent 

men had the reversed relationship 

Crozier  et al. 2008 585 Both 

(48%) 

11th Vignette Overall Proactive 

Reactive 

HRR Positive association between HRR and 

reactive aggression among male adolescents  

Gerra et al.  1997 30 Male 18.9 Monetary Overall N/A HRR BPR Highly normative aggressive boys  had 

greater Max increase in HR and BP from 

before to after the task  

Gerra et al. 2001 50 Male 18.9 Monetary Monetary N/A HRR BPR Aggression was positively associated with 

HRR and SBPR (across groups) 

Gottman et 

al. 

1995 61 Male >18 Conflict 

Discussion 

Physical 

Verbal 

N/A HRR Batterers with decreases in HR during 

conflict were more violent in general during  

task 

Haller  et al. 2014 119 Both 

(12%) 

25-35 Role-Play Physical 

Verbal 

N/A HRR HRVR No significant associations 

Hoaken  et al. 2003 64 Both 

(50%) 

18-30 Physical Physical N/A HRR BPR BPR was negatively associated with 

aggression during the task 

Hubbard  et 

al. 

2002 272 Both 

(49%) 

8 Relational Overall Proactive 

Reactive 

HRR EDAR Positive association between EDAR and 

reactive aggression, while HRR  was 

negatively associated with reactive 

aggression 

Juujarvi  et 

al. 

2006 81 Both 

(46%) 

(8-13) Visual Physical N/A HRR Negative association between HRR and 

aggression 

Luecken & 

Roubinov  

2012 75 Both 

(49%) 

18.9 Role-Play Verbal N/A HRR BPR aggressive/hostile participants had 

attenuated HRR and recovery 

Malta  et al. 2001 28 Both 

(36%) 

34.5 Vignette Verbal N/A HRR BPR, 

EDAR 

Aggressive drivers had greater increases in 

"peak" HR and BPR 

          



    

 

46 

  

Table 7, continued 

Meehan et al. 2001 58 Male 34.31 Conflict 

Discussion 

Physical 

Verbal 

N/A HRR No differences between groups 

Munoz-

Centifanti  et 

al. 

2013 85 Male 15.5 Monetary Monetary Proactive 

Reactive 

HRR RSAR 

EDAR 

While not stated in the results, it is reported 

in the discussion that those who had both 

increased EDAR and RSAR were the least 

proactively aggressive 

Murray-Close  2011 131 Female 18.13 Social 

Exclusion 

Relational 

(romantic) 

N/A HRR RSAR 

EDAR 

increased EDAR and RSAR withdrawal  

were associated with romantic relational 

aggression 

Murray-Close 

& Crick  

2007 77 Both 

(57%) 

5th Reconstructed Physical 

Relational 

N/A HRR BPR Females: positive association between BPR 

& relational aggression, Males: negative 

association between HRR and physical 

aggression 

Murray-Close  

et al. 

2012 115 Both 20.73 Conflict 

Discussion 

Relational 

(romantic) 

N/A HRR RSAR 

EDAR 

RSA withdrawal was  associated with 

relational aggression, while positive 

association between EDAR and relational 

aggression among women whose partners 

demonstrated high negative affect  

Murray-Close 

et al. 

2014 190 Both 

(55%) 

10.11 Reconstructed Physical 

Relational 

N/A BPR EDAR Evidence for both hyper and hypo arousal 

depending on peer victimization and gender 

Murray-Close 

et al. 

2017 247 Both 

(74%) 

18.77 Reconstructed Relational Proactive 

Reactive 

RSAR EDAR Blunted RSA withdrawal associated with 

reactive/proactive relational aggression, 

while EDAR marginally positively 

associated with reactive relational agg. 

Murray-Close 

& Rellini  

2012 83 Female 18-30 Reconstructed Relational Proactive 

Reactive 

HRR BPR 

RSAR 

Among sexually abused female's blunted 

RSA withdrawal, BPR and HRR was 

associated with proactive relational 

aggression, while  increased BPR predicts  

reactive relational aggression  

Pelham et al.  1991 20 Male 7-11) Monetary Physical N/A HRR Low aggressive group had an increase HR 

after winning trials, while the high 

aggressive group didn’t  

Sijtsema et al. 2011 119 Female 12.47 Social 

Exclusion 

Physical 

Relational 

N/A HRR EDAR 

RSAR 

Negative association between HRR, EDAR 

with relational aggression, while blunted 

RSAR associated with physical/relational 

aggression.  
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Table 7, continued 

Smith & 

Gallo  

1999 60 Both 25.4 Conflict 

Discussion 

Physical 

Verbal 

N/A BPR No significant associations with aggression  

Wagner & 

Abaied  

2015 168 Both 

(77%) 

19.48 Reconstructed Relational Proactive 

Reactive 

RSAR EDAR RSAR was positively associated with 

reactive relational aggression, while 

negatively associated with proactive 

relational aggression 

Williams et 

al. 

2003 51 Male 9-13) Physical Overall N/A HRR Positive association between HRR and total 

aggression score (except among the most 

aggressive).  

Notes: Due to lack of consistency in mean age reporting, the average age, year in school or age range was provide; Female = F; Heart rate reactivity = HRR; 

Electrodermal reactivity = EDAR; Blood pressure reactivity = BPR; Heart rate variability reactivity = HRVR; Respiratory sinus arrhythmia reactivity = RSAR; 
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2.2.5. ANS reactivity variables 

 Across the 25 studies there was heterogeneity in method of data collection and 

calculation of ANS reactivity variables. While the majority of the studies did collect and 

examine continuous physiological data (n = 15), multiple studies only collected 

physiological data at specific time points (n = 8) or instead grouped their participants based 

on their physiological reactivity (n = 4). The timing of data collection also differed. The 

majority of the studies determined physiological reactivity by subtracting baseline data 

from task data (n = 16), subtracting baseline data from a single or average reading of task 

data (n = 4) or subtracting baseline data from post task data (n = 4). Also, two studies 

examined acute physiological reactivity to provocation (n = 2) where they examined a few 

seconds of data directly before and after a provoking stimuli.  

 While there was heterogeneity in physiological acquisition and calculation of 

reactivity variables, the type of variables examined were primarily homogenous. The 

majority of the studies examined HRR (n = 21), BPR (n = 9), EDAR (n = 10), and RSAR 

(n = 7). Less commonly examined physiological variables included Root Mean Square of 

the Successive Differences (Rmssd; n = 1), muscle activity (n = 1), and body movement (n 

= 1).  

2.3. Results 

2.3.1. ANS Reactivity & Aggression Findings: Overview 

2.3.1.1. Overall ANS Reactivity. 

Heart Rate Reactivity (HRR). 



    

 

49 

  

 Of the 25 studies that examined ANS reactivity to provocation and aggression, 21 

collected HRR data in response to a provocation task.  In total, 16 of 21 provocation studies 

(76%) showed a relationship between aggression and HRR. The majority of those studies 

either found a negative (N = 9; 43%) or a positive (N = 5; 24%) association between HRR 

and aggression. This includes two studies that found evidence for both a negative and a 

positive association (Babcock, Green, Webb, & Yerington, 2005; Williams, Lochman, 

Phillips, & Barry, 2003). Specifically, among highly physically aggressive (violent) males 

there was either  no association (Williams et al., 2003) or a negative association (Babcock 

et al., 2005) between HRR and aggression, while there was a positive association among 

non-violent and low-level violent males (Babcock et al., 2005; Williams et al., 2003).  

 Blood Pressure Reactivity (BPR). 

 Only nine studies examined BPR’s association with aggression. In total, seven of 

the nine studies (78%) showed a relationship between aggression and BPR. These studies 

primarily found a positive relationship (N = 6; 66%) between BPR and aggression, while 

three (33%) found a negative relationship. Two studies found evidence for both a positive 

and a negative association between BPR and aggression (Murray-Close et al., 2014; 

Murray-Close & Rellini, 2012). In these two studies, increased BPR was primarily 

associated with relational and/or reactive aggression (Murray-Close et al., 2014; Murray -

Close & Rellini, 2012), while blunted BPR was associated with proactive and physical 

aggression (Murray-Close et al., 2014; Murray -Close & Rellini, 2012).  

 2.3.1.2. SNS Reactivity. 



    

 

50 

  

 Ten studies examined EDAR’s association with aggression. Overall, seven 

provocation studies (70%) found a relationship between EDAR and aggression. Five 

studies found a positive relationship (50%) between EDAR and aggression, while four 

(40%) found a negative relationship. This included two studies that found evidence for 

both a negative and a positive relationship between EDAR and aggression (Babcock et al., 

2005; Murray-Close et al., 2014). In these two studies, increased EDR was associated with 

aggression (across forms) among males who engaged in little to no physical violence 

against their spouses (Babcock et al., 2005) or reactive and/or relational aggression among 

children (Murray-Close et al., 2014). Comparatively, blunted EDA was associated with 

aggression (across forms) among those who engaged in repeated acts of physical violence 

against their spouses (Babcock et al., 2005) or physical aggression among a sample of 

children (Murray-Close et al., 2014).   

 2.3.1.3. PNS Reactivity. 

 RSAR arguably most consistently shows a relationship with aggression, with all six 

provocation studies (100%) finding a relationship between RSAR and aggression. 

However, the nature of that relationship is decidedly less clear. Of the studies that 

examined RSAR to provocation, five (83%) of the studies found that blunted RSA 

withdrawal was associated with aggression (Centifanti, Kimonis, Frick, & Aucoin, 2013; 

Murray-Close , 2011; Murray-Close et al., 2017; Murray-Close & Rellini, 2012; Wagner 

& Abaied, 2015), while three (33%) found the reverse relationship between RSA 

withdrawal and aggression (Murray-Close 2011; Murray-Close et al., 2012; Wagner & 

Abaied, 2015). This includes two studies that found evidence for both a positive and a 

negative relationship between RSAR and aggression (Murray-Close, 2011; Wagner & 
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Abaied, 2015). For these two studies, blunted RSA withdrawal was associated with reactive 

relational aggression (Wagner & Abaied, 2015) and romantic relational aggression among 

those low on hostile attribution bias (Murray-Close, 2011), while the inverse relationship 

was true for proactive relational aggression and romantic relational aggression among those 

high on hostile attribution bias (Murray-Close, 2011; Wagner & Abaied, 2015).    

 2.3.1.4. ANS Reactivity & Aggression Findings: Overview Summary 

 Collectively, the literature finds that blunted HRR and RSAR is more so associated 

with aggression, while increased BPR and EDAR is more so associated with aggression. 

However, in all cases the inverse relationships were found for reactivity variables. These 

directional differences in the relationship between ANS reactivity and aggression appeared 

to primarily be due to the form and function of aggression, as well as the severity of 

physical violence the sample engaged in (e.g., Babcock et al., 2005).  

2.3.2. ANS Reactivity and Aggression Form  

 2.3.2.1 Overall ANS Reactivity. 

 Heart Rate Reactivity (HRR). 

 Among the 10 studies that examined HRR’s association with physical aggression, 

six (60%) found that atypical HRR was associated with physical aggression, with five 

(50%) showing that HRR was negatively associated with physical aggression (Babcock et 

al., 2005; Gottman et al., 1995; Juujärvi, Kaartinen, Laitinen, Vanninen, & Pulkkinen, 

2006; Murray-Close & Crick, 2007; Pelham et al., 1991). This relationship held across 

provocation type, as blunted HRR to imaginal/reconstructed (Babcock et al., 2005; 

Murray-Close & Crick, 2007), experimentally administered (Juujärvi et al., 2006; Pelham 
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et al., 1991) and romantic partner administered (Babcock et al., 2005; Gottman et al., 1995) 

provocation was associated physical aggression.  Moreover, this relationship occurred both 

within specific subsamples (e.g., severely physically violent; Babcock et al., 2005; 

Gottman et al., 1995) of individuals, as well as across entire samples without accounting 

for other potential risk-factors (e.g., a simple association between physical aggression and 

blunted HRR; Juujärvi et al., 2006).  

Comparatively, two studies (20%) found that a positive assocation between HRR 

and physical aggression only occurred within specific subsamples and/or when other 

potential risk-factors were taken into account. Within an adolescent female sample, those 

who were highly sensitive to rejection and experienced high levels of peer rejection showed 

a positive association between HRR and physical (Sijtsema et al., 2011). However, this 

result did not extend to the whole sample of female adolescents. This finding, at least in 

part, may be explained by the fact that the overall sample exhibited only minor and 

infrequent acts of physical aggression. Thus, mild/infrequent physical aggression (e.g., 

infrequent acts of pushing, hitting, or shoving peers) may be qualitatively distinct in its 

relationship to HRR relative to more profound violent acts (e.g., physical fights). This is 

supported by the second study which showed increased HRR among those who engage in 

only minor only acts of physical aggression (e.g., throwing an object at and/or pushing 

one’s spouse 1-2x a year), and blunted HRR among those that were more severely 

physically violent (Babcock et al., 2005). Thus, the frequently physically aggressive (for 

the most part) and the severely physically aggressive exhibit blunted HRR (Babcock et al., 

2005; Gottman et al., 1995; Juujärvi et al., 2006; Murray-Close & Crick, 2007; Pelham et 

al., 1991), while those who engage in infrequent and/or non-severe acts of physical 
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aggression may show a positive association with HRR (Babcock et al., 2005) when other 

internal and external risk-factors are at play (Sijtsema et al., 2011).  

Four studies (40%) found no association between HRR and physical aggression.  

These null findings may be the result of methodological limitations. For example, Haller 

and colleagues (2014) did not use a typical provocation task, but instead a non-evaluated 

police exercise designed as a role-play. As such, these individuals may have engaged in 

physical aggression during the role-play that was not indicative of their normative 

behavior, since this was part of a training exercise, and the aggression was not being used 

to harm but to subdue a “suspect.” Similarly, other studies that failed to find an association 

between physical aggression and HRR may have used inadequate provocation such as 

conflict tasks that excluded content couples found “uncomfortable” (Meehan, Holtzworth-

Munroe, & Herron, 2001). Other methodological issues may explain the two remaining 

studies. For example, one study calculated HRR by subtracting HR post-provocation from 

baseline HR, which may not appropriately capture the effects of the provocation on HRR 

(Hoaken et al., 2003). 

 Examining the relationship between non-physical forms of aggression2 with HRR, 

two of six (33%) studies found a negative association between HRR and verbal aggression 

(Gottman et al., 1995; Luecken & Roubinov, 2012). Specifically, both of these studies 

found that blunted HRR was associated with verbal aggression during a provocation task 

(Gottman et al., 1995; Luecken & Roubinov, 2012). Comparatively, the two studies (33%) 

that found a positive association between HRR and verbal aggression (Babcock, Green, 

                                                 
2 Studies that examined “overall” aggression that included physical acts with other acts were not included 
in this section due to the conflation of constructs of interest. 
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Webb, & Graham, 2004; Malta et al., 2001) only found this association with self/other 

report measures (Babcock et al., 2004; Malta et al., 2001). Finally, the two studies that 

found no association had similar methodological issues (i.e., a role-play that may not 

prompt aggressive behavior to cause harm, low-conflict discussion that is not emotionally 

salient) discussed in regards to the null physical aggression findings (Haller et al., 2014; 

Meehan et al., 2001)    

 With regard to relational aggression, two of five studies (40%) found a negative 

association between HRR and relational aggression (Murray-Close & Rellini, 2012; 

Sijtsema et al., 2011), while the remaining three found no association between HRR and 

relational aggression (Murray-Close & Crick, 2007; Murray-Close 2011; Murray-Close, 

Holland, & Roisman, 2012). The studies that yielded no significant HRR – relational 

aggression relationships may have found no association due to the circumscribed target of 

the relational aggression, as two of the studies only examined relational aggression against 

romantic partners (Murray-Close, 2011; Murray-Close et al., 2012). Thus, it may be the 

case that blunted HRR may be associated with relational aggression in general, but this 

association does not appear when the examination is limited to a romantic partner only. 

 Finally, among studies that examined HRR in response to a monetary form of 

provocation, one (50%; Gerra et al., 2001) found a positive association while the other 

found no association (50%; Centifanti et al., 2013) between HRR and monetary based 

aggression.  Due to the limited amount of research conducted using monetary forms of 

aggression, the relationship with HRR remains ambiguous. 

 Overall, the findings on HRR and aggression form suggest that blunted HRR is 

primarily associated with physical aggression and those who engage in frequent and/or 
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severe acts of physical aggression (i.e., violence towards their romantic partners; Babcock 

et al., 2005). Comparatively, the findings for non-physical forms of aggression and (to 

some extent) lesser / infrequent levels of physical aggression are less clear, with relatively 

equal findings for positive and negative associations. This pattern of commensurate 

positive and negative results may indicate that while blunted HRR was associated with 

non-physical forms of aggression among the severely violent, the inverse may be true 

among those who engage in little or no physical violence (Babcock et al., 2005).     

 Blood Pressure Reactivity (BPR). 

Only four studies examined the relationship between BPR and physical aggression, 

with two (50%) finding that BPR was negatively associated with physical aggression, and 

none finding a positive association. Blunted BPR to provocation was specifically 

associated with physical aggression among those who experienced peer victimization 

(Murray-Close et al., 2014), compared to those who did not experience peer victimization, 

and in general (Hoaken et al., 2003). Of the two studies that did not find any association 

between physical aggression and BPR, one of the studies did find this relationship with 

physical aggression and HRR among males (Murray-Close & Crick, 2007). The other study 

used a mock (pre-determined) conflict discussion, which may not have been emotionally 

salient enough to produce meaningful BPR changes associated with physical or non-

physical forms of aggression (Gottman, 2001; Smith & Gallo, 1999).  

In comparison to the physical aggression findings, among the studies that examined 

non-physical forms of aggression with BPR (total n = 7; verbal aggression n = 3; relational 
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aggression n = 3; monetary form of aggression n = 1)3, only one (33%) of the three studies 

that examined verbal aggression found a positive association between verbal aggression 

and BPR (Malta et al., 2001). The other two studies found no significant relationships with 

BPR. As previously discussed, the one study used non-emotionally salient conflict 

discussion task that may have not produced meaningful BPR that would be associated with 

verbal aggression (Smith & Gallo, 1999), while the other did find a significant association 

with HRR (Luecken & Roubinov, 2012). Additionally, the latter study used a non-

continuous measurement of BP, which may have provided an inaccurate measurement of 

the participants’ BPR, and in part account for the null finding.  

All three of the studies (100%) that examined relational aggression found a positive 

association between BPR and relational aggression. These studies all found this 

relationship in response to reconstructed provocation, with two finding this relationship 

specifically in females (Murray-Close & Crick, 2007; Murray-Close & Rellini, 2012), and 

two finding this among those who were either victimized by their peers (Murray-Close et 

al., 2014) or sexually abused (Murray-Close & Rellini, 2012). Furthermore, two (66%) of 

the studies examining relational aggression also found negative associations with BPR 

(Murray-Close et al., 2014; Murray-Close & Rellini, 2012). The directionality of the 

association in these two studies was determined by contextual factors. Peer victimization, 

at least in part, determined directionality, as those who experienced no peer victimization 

actually showed a negative association between BPR and relational aggression (Murray-

Close et al., 2014). The directionality within the other study was determined by the function 

                                                 
3 Studies that examined “overall” aggression that included physical acts with other acts were not included 
in this section due to the conflation of constructs of interest. 
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of the aggression, with proactive being associated with blunted and reactive being 

associated with increased BPR (for more detail see section below; Murray-Close & Rellini, 

2012).  

Finally, the one study that examined the BPR – monetary aggression relationship 

found a positive association (Gerra et al., 2001). Collectively, this depicts a mixed picture 

across non-physical aggression forms. However, the one somewhat consistent finding was 

that increased BPR was associated with relational aggression (Murray-Close & Crick, 

2007; Murray-Close & Rellini, 2012; Murray-Close et al., 2014), but more so among 

females (Murray-Close & Crick, 2007; Murray-Close & Rellini, 2012) and those who 

experienced some form of victimization (Murray-Close et al., 2014; Murray-Close & 

Rellini, 2012). These results, at least in part, were contrasting to the HRR findings, which 

may be due to all of the BPR studies collecting non-continuous measurements of BP, which 

may not properly capture the effect of provocation (i.e., measurement error). Alternatively, 

it may be the case that BPR is more indicative of vascular functioning then overall ANS 

functioning (Vaschillo et al., 2006), which may be a better predictor of certain types of 

aggression.  

2.3.2.2. SNS Reactivity.  

Only three studies examined the EDAR – physical aggression relationship, with 

two of the three (66%) finding a negative association and one (33%) a positive association 

between EDAR and physical aggression. Specifically, blunted EDAR was associated with 

physical aggression among those who were highly victimized by their peers (e.g., being 

physically bullied, excluded socially; Murray-Close et al., 2014). Furthermore, EDAR was 

negatively associated with an antisocial factor (with physically aggressive components) 
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among severely physically violent males, while the inverse was true for low level violent 

males (Babcock et al., 2005). Collectively, there is specific evidence that clear acts of 

violence (e.g., physical fights, repeatedly hitting ones spouse) may be qualitatively distinct 

in relation to EDAR relative to mild/infrequent acts of physical aggression (Babcock et al., 

2005). In further support of this evidence, the one study that found no association between 

EDAR and physical aggression was among a female sample that exhibited minimal 

physical aggression (Sijtsema et al., 2011). For this study, it may also be the case that the 

physical aggression did not properly depict the physical aggressiveness of the participants, 

as camp counselors evaluated the behavior of the participants (Sijtsema et al., 2011).   

 Of the eight studies that examined non-physical forms of aggression (verbal 

aggression n = 1; relational aggression n = 6; monetary form of aggression n = 1) with 

EDAR, six examined relational aggression, with four studies (66%) finding increased 

EDAR was associated with relational aggression. Specifically, studies showed a link 

between increased EDAR and relational aggression among those who were highly 

victimized by their peers (Murray-Close et al., 2014) or partners (Murray-Close et al., 

2012), when the relational aggression was reactive (Murray-Close et al., 2017) and when 

it was directed at one’s romantic partner (Murray-Close, 2011; Murray-Close et al., 2012). 

Comparatively, the one (17%) study that found a negative association between EDAR and 

relational aggression (Sijtsema et al., 2011) occurred regardless of risk-factors (e.g., 

rejection sensitivity, peer-rejection), while the one (17%) study that found no association 

did not find this even when taking into account other risk-factors (e.g., relational 

victimization; Wagner & Abaied, 2015) . Finally, the only study that examined a monetary 

form of aggression found that blunted EDAR (along with blunted RSAR) was associated 
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with monetary based aggression (Centifanti et al., 2013); however, this was only true for 

proactive aggression.   

Collectively the provocation studies that examined EDAR suggest that blunted 

EDAR may be associated with significant physical aggression (Murray-Close et al., 2014; 

Babcock et al., 2005), while increased EDAR may be associated with relational aggression, 

especially reactive relational aggression among those with a history of victimization 

(Murray-Close, 2011; Murray-Close et al., 2014; Murray-Close et al., 2012 ). The extent 

to which the relationship between relational aggression and increased EDAR is contingent 

on these contextual variables is still unclear.  

 2.3.2.3. PNS Reactivity.  

 Only two studies to date have examined PNSR to provocation with physical 

aggression (Haller et al., 2014; Sijtsema et al., 2011), with one signficant result (50%). 

Sijtsema and colleagues (2011) found increased RSA withdrawal was associated with 

physical aggression. However, as stated earlier the sample in this study had very low levels 

of physical aggression which may limit the generalizability of the findings. Moreover, the 

physical aggressiveness of the participants was via the report of counselors at a camp 

versus parents or teachers, and therefore may not have been an accurate description of the 

participant’s physical aggressiveness (Sijtema et al., 2011). The only other study that 

examined PNSR found no significant associations between aggression during the role-play 

(e.g., pushing, hitting, kicking) and Rmssd reactivity among seasoned police officers 

(Haller et al. 2014), which may in part be due to how physical aggression was evaluated 

(i.e. a mock training exercise with no consequences).  
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 All remaining studies (n = 6) examined RSAR either with relational aggression (n 

= 5) or with aggression during a monetary loss/gain task (n = 1). Dampened RSA 

withdrawal was associated with overall relational aggression in four (80%) of the five 

relational aggression studies. (Murray-Close et al., 2017; Murray-Close & Rellini, 2012; 

Sijtsema et al., 2011; Wagner & Abaied, 2015). Two studies (40%) found that increased 

RSA withdrawal was associated with relational aggression, but both of these finding were 

limited to only romantic relational aggression and did not extend to other forms of 

relational aggression (i.e. proactive or reactive; Murray-Close, 2011; Murray-Close et al., 

2012). In addition, the one study that examined monetary based aggression also found that 

blunted RSA withdrawal was associated with monetary based aggression (Centifanti et al., 

2013). Thus, there is limited evidence for (non-romantic) relational aggression, and 

monetary based aggression, being associated with blunted PNS reactivity. 

 2.3.2.4. ANS Reactivity and Aggression Form: Summary 

 The collective evidence suggests that substantial physical aggression (violence) is 

associated with blunted overall ANS and SNS reactivity (e.g., Gottman et al., 1995; 

Babcock et al., 2005). Thus, violence may be primarily associated with hypo-reactivity of 

the ANS.  There is also limited evidence for blunted PNS activity being associated with 

(non-romantic) relational aggression. This may be, in part, due to PNS reactivity being 

associated with one’s ability to effectively mobilize resources in times of threat (Porges, 

2001), which may be a universal risk-factor for aggression across forms. With the 

exception of the PNS - relational aggression relationship noted above, there was mixed 

evidence for ANS reactivity varying as a function of non-physical forms of aggression, 

suggesting either specificity of aggression - ANS reactivity findings to violence, or at least 
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a less context dependent relationship between ANS and violence relative to lesser forms of 

aggression. However, it should be noted that even the evidence for the relationship between 

violence and ANS (overall and SNS) functioning was far from overwhelming, thus even 

the violence – ANS relationship may be to some extent dependent on other factors, such 

as aggression function.  

2.3.3. ANS Reactivity & Aggression Function  

2.3.3.1. Overall ANS Reactivity. 

  Among the four studies that examined the relationship between HRR and 

aggression function in response to provocation, two (50%) found that dampened HRR was 

associated with proactive aggression (Hubbard et al., 2002; Murray-Close & Rellini, 2012). 

Blunted HRR (and BPR captured in this study) was associated with proactive aggression, 

but only among those who were sexually abused (Murray-Close & Rellini, 2012) or among 

children who exhibited minimal reactive aggression (Hubbard et al., 2002). In comparison, 

the two remaining studies that found no aggression – HRR associations did not examine 

the effect of any type of victimization and/or the effect of the other function of aggression 

(Crozier et al., 2008; Centifanti et al., 2013), which as shown above may be important when 

examining the overall ANS - aggression function relationship.   

 Of the these four studies, one (25%) also found that increased HRR was associated 

with reactive aggression among an adolescent sample (Crozier et al., 2008), while another 

(25%) found that BPR was positively associated with reactive aggression, but once again 

only among those who were sexually abused (Murray-Close & Rellini, 2012). In contrast, 

one study (25%) found that decreased HRR was associated with reactive aggression 
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(Hubbard et al., 2002). However, in this study the “provocation” consisted of a game that 

included both positive and negative interactions, and HRR was not specifically assessed 

during the negative interactions, limiting the ability to interpret the study findings (previous 

research has shown that HRR due to positive stimuli is more often negatively associated 

with overall aggression, while negative stimuli more often produces a positive association 

[Lorber, 2004]). The one study that found no association with reactive aggression once 

again did not take into account any type of victimization (Centifanti et al., 2013); however, 

in regards to reactive aggression other studies did find this association independent of other 

risk-factors. Overall, there is mixed evidence for the directional differences between 

overall ANS activity and aggression function.  

 2.3.3.2. SNS Reactivity. 

Among the four studies that examined EDAR, two (50%) found that increased 

EDAR was associated with reactive aggression (Hubbard et al., 2002; Murray-Close et al., 

2017), while one (25%) suggested that dampened EDAR (with simultaneous blunted RSA 

withdrawal) was associated with proactive aggression (Centifanti, et al., 2013). The only 

study that found no association between EDAR and aggression across function did not 

differ in methods or sample from those that found an association (Wagner & Abbeid, 

2015). Thus, this very limited research suggests that hyper-reactivity of the SNS may be 

associated with reactive aggression.  

2.3.3.3. PNS Reactivity.   

Only four studies examined the relationship between RSA and aggression function 

in response to provocation, three (75%) of which found that blunted RSA withdrawal was 
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associated with proactive aggression (Centifanti,et al., 2013; Murray-Close et al., 2017; 

Murray-Close & Rellini, 2012). The remaining study showed that increased RSA 

withdrawal was associated with proactive aggression (Wagner & Abaied, 2015), but only 

when controlling for the other function of aggression, EDAR, and psychological risk-

factors.  

Of those four studies, two (50%) also found that blunted RSA withdrawal was 

associated with reactive aggression (Murray-Closet et al., 2017; Wagner & Abaied, 2015). 

The remaining two studies found no association between RSAR and reactive aggression 

(Centifanti et al., 2013; Murray-Close & Rellini, 2012), with no notable difference in 

demographics or methodological design. Thus, the limited research provides more support 

for blunted PNS withdrawal being associated with proactive aggression, compared with no 

support for the converse being true of reactive aggression.  

  2.3.3.4. ANS Reactivity & Aggression Function: Summary. 

 While the literature is limited, it collectively provides preliminary evidence for 

differential patterns of ANS reactivity among those who engage in proactive and reactive 

aggression. Higher levels of proactive aggression may be associated with blunting of the 

ANS system, with the strongest support for blunted PNS activity. In contrast, the research 

is divided as to whether reactive aggression is unrelated to ANS activity or possible 

associated with increased SNS reactivity. 

2.3.4. Effect of Provocation Type on ANS Reactivity & Aggression’s Relationship 

2.3.4.1 Overall ANS Reactivity. 

 Heart Rate Reactivity (HRR). 
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 Seven studies examined the relationship between HRR to imaginal/reconstructed 

provocation and aggression. Of these, six (86%) found that atypical HRR was associated 

with aggression, with roughly equal numbers of studies finding a negative (n = 4; 57%) or 

positive (n = 3; 43%) relationship. Among those showing a negative relationship, specific 

provocation tasks included a ten minute role-play, where participants had to request a 

“neighbor” to turn down loud music (Luecken & Roubinov, 2012), HRR induced by audio 

vignettes of provoking situations (Babcock et al., 2005), as well as an assisted 

reconstructed of a previously provoking event (Murray-Close & Crick, 2007; Murray-

Close & Rellini, 2012). Imaginal/reconstructed provocation studies that showed a positive 

relationship also included such provocation tasks as (video)taped vignettes of actors 

depicting various altercations (i.e., ambiguous provocation, aggressive responding to 

provocation, and then a competent non-aggressive response to provocation; Crozier et al., 

2008) and audio(taped) vignettes of  anger provoking situations (Babcock et al., 2005; 

Malta et al, 2001). Overall, the associations appeared to follow the predicted relationships 

with blunted HRR being associated with more substantial physical aggression (e.g. 

Babcock et al., 2005) and increased HRR more inconsistently associated with reactive 

aggression (e.g., in men, but not women; Crozier et al., 2008) or among those with less 

substantial acts of physical aggression (Babcock et al., 2005).  

 Of the 10 studies that examined HRR in response to an experimentally administered 

provocation and aggression, eight (80%) found that atypical HRR was associated with 

aggression, with five (50%) finding a negative relationship and four (40%) finding a 

positive relationship. Experimentally administered provocations shown to produce an 

inverse relationship between HRR and aggression included having a faux opponent send 
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photos of “fists” and other acts of physical aggression (Juujärvi et al., 2006), cheating 

during a competitive task (Hubbard et al., 2002), or removing a monetary reward during a 

reaction time task (Pelham et al., 1991). Additionally, being socially excluded produced a 

negative relationship between HRR and aggression (Murray-Close, 2011; Sijtsema et al., 

2011). Experimental provocation tasks that produced a positive relationship between HRR 

and aggression also included having a faux opponent remove monetary reward (Gerra et 

al., 1997; Gerra et al., 2001) or socially exclude the participant (Sijtsema et al., 2011). 

Finally, the “threat” of a physical altercation also prompted a positive association between 

HRR and aggression in children, but not among the most aggressive (Williams et al., 2003). 

Finally, the two studies that failed to show a relationship between HRR and aggression 

used removal of monetary reward (Centifanti et al., 2013) and electric shock (Hoaken et 

al., 2003) as provocation. Again, aggression form seemed to be more associated with the 

outcome than specific provocation, as blunted HRR was primarily associated with physical 

aggression (e.g., Juujärvi et al., 2006; Pelham et al., 1991), while increased HRR was 

associated with non-physical forms of aggression (Gerra et al., 1997; Gerra et al., 2001). 

 Of the five studies examining HRR– aggression relationship in response to a 

romantic partner provocation, three (60%) found atypical HRR to be associated with 

aggression. Among these studies, two (40%) found a negative association (Babcock et al., 

2005; Gottman et al., 1995) and two (40%) found a positive association (Babcock et al., 

2004; Babcock et al., 2005). Overall, there were no methodological differences in the 

provocation administered among the studies that found either a positive or negative 

relationship. The only difference of note in the  two studies with null findings was the use 

of low-conflict discussion topics (Meehan et al., 2001; Murray-Close et al., 2011) that may 
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have not been salient enough to produce meaningful HRR (Gottman, 2001). The sole factor 

that affected the relationship between HRR and aggression once again was form, with those 

who engage in severe acts of physical violence against their spouses demonstrating a 

negative relationship between aggression and HRR (Babcock et al., 2005; Gottman et al., 

1995), while the inverse was true for those who engaged in little to no acts of physical 

violence against their spouses (Babcock et al., 2004; Babcock et al., 2005).   

 Both within and across provocation types, provocation tasks did not seem to have 

a significant impact on HRR – aggression results. Studies using imaginal/reconstructed 

provocation, experimentally induced provocation, and romantic partner provocation each 

showed a roughly even split between findings of increased aggression being association 

with increased HRR and findings that blunted HRR was linked to greater aggression. 

Furthermore, these associations for each provocation type followed the general pattern 

identified earlier with more severe physical aggression showing the strongest association 

with blunted HRR.  

 Blood Pressure Reactivity (BPR). 

Among the five studies that examined BPR induced by imaginal/reconstruction 

provocation, four (80%) found atypical BPR to be associated with aggression, with all four 

(80%) finding a positive relationship and two (40%) also finding negative relationships. 

Imaginal/reconstructed provocation studies that prompted a positive association between 

BPR and aggression included using assisted reconstruction of a previously provoking event 

(Murray-Close & Crick, 2007; Murray-Close & Rellini. 2012; Murray-Close et al., 2014) 

and audio(taped) vignettes of  anger provoking situations (Malta et al., 2001). 

Imaginal/reconstructed provocation tasks that were able to demonstrate a negative 
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relationship between BPR and aggression also used assisted reconstruction of a previously 

provoking event (Murray-Close & Rellini, 2012; Murray-Close et al., 2014). Once again, 

form and function was a greater determinant of directionality than the specifics of the 

provocation, with increased BPR associated with reactive (Murray-Close & Rellini. 2012) 

and relational (Murray-Close et al., 2014) aggression, while blunted BPR associated with 

proactive (Murray-Close & Rellini, 2012) and physical (Murray-Close et al., 2014) 

aggression.   

Three studies examined BPR in response to experimentally administered 

provocation (n = 3), with all three yielding a significant relationship. Among those studies, 

two (66%) found a positive association and one (33%) found a negative relationship. Both 

studies that found a positive relationship between BPR and aggression used removal of 

monetary gain as provocation (Gerra et al., 1997; Gerra et al., 2001), while the one study 

that found a negative relationship used electric shock as provocation (Hoaken et al., 2003).  

Thus, this provides preliminary evidence that monetary based provocation may prompt 

BPR that is positively associated with aggression (Gerra et al., 2001), while physical 

provocation may prompt BPR that is negatively associated with aggression (Hoaken et al., 

2003). However, the provocation effect may be conflated with the form of aggression 

examined, as increased BPR due to the removal of momentary gain was related to non-

physical forms of aggression (Gerra et al., 2001), while blunted BPR to electric shock was 

related to physical aggression (Hoaken et al., 2003).   

 Only one study using romantic partner provocation examined the BPR – aggression 

relationship and found no significant relationship between BPR and aggression (Smith & 

Gallo, 1999). However, as previously noted this study used  discussion topics chosen by 
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the researcher (Smith & Gallo, 1999), which may have not been salient enough to prompt 

meaningful BPR (Gottman, 2001). 

 While there was no influence across provocation type on the relationship between 

BPR – aggression, there is some evidence of an effect within experimentally induced 

provocation. Specifically, monetary based provocation produced a positive association 

between BPR and aggression (Gerra et al., 1997; Gerra et al., 2001), while physical 

provocation produces a negative one (Hoaken et al., 2003). However, this finding was 

conflated with the form of aggression examined, with the associations falling within the 

predicted directions (i.e., blunted BPR – physical aggression, increased BPR – non-

physical aggression). This was also supported by the imaginal/reconstructed provocation 

findings that found a negative association between BPR and physical aggression (Murray-

Close et al., 2014) and a positive association with non-physical forms of aggression 

(Murray-Close et al., 2014).   

 2.3.4.2. SNS Reactivity. 

Five studies examined EDAR in response to imaginal/reconstructed provocation, 

with three (60%) finding atypical EDAR being associated with aggression. All three (60%) 

studies found a positive association, with two (40%) also finding a negative relationship 

with aggression. Imaginal/reconstructed provocation studies that prompted a positive 

association used assisted imaginal reconstruction of a previously provoking event (Murray-

Close et al., 2014; Murray-Close et al., 2017) and an audio(taped) vignette of an anger 

provoking event (Babcock et al., 2005). Studies that prompted a negative association used 

the same exact tasks. The two studies that found no association between EDAR and 

aggression also used  assisted imaginal reconstruction of previously provoking events 
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(Wagner & Abaied, 2015) and audio(taped) vignettes of anger provoking events (Malta et 

al., 2001). Once again, specifics of provocation task did not seem to impact the relationship 

between EDAR and aggression, while form of aggression did. Specifically, blunted EDAR 

was associated with more substantial physical aggression (e.g. Babcock et al., 2005; 

Murray-Close et al., 2014) and increased EDAR was associated with less substantial acts 

of physical aggression (Babcock et al., 2005) and non-physical forms of aggression 

(Murray-Close et al., 2014).  

Four (80%) of the five studies that examined EDAR induced by experimentally 

administered provocation found that atypical EDAR was associated with aggression, with 

an even split between those that found a positive (n = 2; 40%) and a negative (n = 2;  40%) 

association with aggression. Studies that produced a positive association from 

experimentally administered provocation had a faux opponent socially exclude the 

participant (Murray-Close, 2011) or cheat on a behavioral task (Hubbard et al., 2002). 

Similarly, studies that produced a negative association used social exclusion (Sijtesma et 

al., 2011). The other study that produced a negative association used the removal of 

monetary gain as provocation (Centifaniti et al., 2013). The only study that found no 

association also used social exclusion as provocation (Murray-Close et al., 2017). Thus, 

once again provocation specifics did not impact the relationship; however, in this case there 

was no strong evidence for specific effect of form or function as well.  

 Only two studies examined EDAR during the conflict discussion task, with only 

one (50%) finding significant results. Specifically, EDAR in response to a high conflict 

discussion task prompted both a negative and positive association with aggression 

(Babcock et al., 2005). Comparatively, the one study that found no relationship between 
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EDAR and aggression used a low-conflict discussion task (Murray-Close et al., 2012), 

which may have not been salient enough to produce meaningful EDAR (Gottman, 2001). 

Once again, form of aggression, and not provocation type, was the only determining factor 

on the relationship between EDAR and aggression, with the highly physically violent 

showing a blunted relationship between EDAR and aggression and the inverse being true 

for those who engage in little or no physical violence (Babcock et al., 2005).  

 Within and across provocation types there seemed to be no significant impact of 

provocation on EDAR – aggression results. Studies using imaginal/reconstructed 

provocation, experimentally induced provocation and romantic partner provocation, 

showed a roughly even split between positive and negative associations between EDAR 

and aggression. Once again, the associations within and across each provocation type 

followed the general pattern identified earlier with more severe physical aggression 

showing the strongest association with blunted EDAR, while increased EDAR being 

inconsistently positively associated with non-physical forms of aggression.  

 2.3.4.3. PNS Reactivity.  

Among the four studies that examined PNS reactivity to imaginal/reconstructed 

provocation, three (75%) found that atypical PNS reactivity was associated with 

aggression. Specifically, three (75%) found that blunted RSA withdrawal was associated 

with aggression, while one (25%) found the inverse relationship. All of the studies that 

found atypical RSAR utilized assisted imaginal reconstruction of a previously provoking 

event to invoke the reactivity. Comparatively, the one study that found no association 

between PNS reactivity and aggression used a role-play with seasoned police officers 

(Haller et al., 2014). There appeared to be no effect on the directionality of RSAR – 



    

 

71 

  

aggression relationship due to provocation. However, there was also no clear effect of form 

or function for studies that used imaginal/reconstructed provocation.  

Of the four studies that examined RSAR due to experimentally administered 

provocation, all of them (100%) found that atypical RSAR was associated with aggression, 

with three (75%) finding that blunted RSA withdrawal was associated with increased 

aggression and two (50%) also finding that increased RSA withdrawal was associated with 

aggression. Specifically, studies that used social exclusion (Murray-Close et al., 2017; 

Sijtsema et al., 2011) and monetary aggression (Centifaniti et al., 2013) as provocation 

showed that blunted RSA was associated with aggression. However, social exclusion also 

prompted increased RSA withdrawal among the aggressive (Murray-Close, 2011; Sijtsema 

et al., 2011), but only among those who were high on hostile attribution and those high on 

both peer-rejection sensitivity and peer rejection, respectively. Thus, once again there is no 

clear effect of provocation type on the relationship between RSAR and aggression. 

However, there is some evidence that blunted RSA withdrawal may be primarily associated 

with aggression (across form and function), with the exception of when other combined 

risk factors are at hand (e.g., rejection sensitivity, hostile attribution bias).  

Only one study examined RSAR to a romantic partner provocation task and found 

that RSA withdrawal in response to the conflict discussion task was associated with 

increased aggression (Murray-Close et al., 2012), but this was aggressive behavior specific 

to romantic partners and relational in nature. 

Both within and across provocation types, provocation tasks did not seem to have 

a significant impact on RSAR – aggression results. Studies using imaginal/reconstructed 

provocation, experimentally induced provocation and romantic partner provocation all 
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primarily found that blunted RSA withdrawal was associated with aggression. 

Furthermore, these associations for each provocation type followed the general pattern 

identified earlier with blunted PNS withdrawal being associated more so with proactive 

aggression (Centifanti et al., 2013; Murray-Close et al., 2017; Murray-Close & Rellini, 

2012). 

2.3.4.4. Provocation Type on ANS Reactivity and Aggressions Relationship: 

Summary. 

 Across branches of the ANS there appears to be little to no effect of provocation 

within or across type. The only exception to this finding is that monetary based provocation 

produced a positive association between BPR and aggression (Gerra et al., 1997; Gerra et 

al., 2001), while physical provocation produced a negative one (Hoaken et al., 2003). 

However, this finding was conflated with the form of aggression examined, with the 

associations falling within the predicted directions (i.e., blunted BPR – physical aggression, 

increased BPR – non-physical aggression), which was somewhat consistent across type of 

provocation. While type of provocation seemed to not have a significant impact, the 

emotional valence of the provocation did. Specifically, studies that used non-emotionally 

valence tasks (e.g., low-conflict discussion tasks) found no association between ANS 

reactivity aggression (Meehan et al., 2001 Smith & Gallo, 1999), which suggests that while 

the type of provocation may not impact the relationship between ANS reactivity and 

aggression, the emotional valence of the provocation might.    

2.4. Discussion 
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 This systematic review examined the association between aggression and ANS 

reactivity to provocation as well as the potential role of aggression form (physical vs non-

physical), aggression function (proactive vs reactive) and provocation type 

(reconstructed/imaginal, experimentally administered provocation, and romantic partner 

administered provocation). A total of 25 studies spanning the course of 30 years were 

reviewed. The findings suggest that the link between ANS reactivity to provocation and 

aggression may be somewhat dependent on the form (and possibly function) of the 

aggression.  

2.4.1. ANS Reactivity and Aggression Form 

 Though there were no overall findings demonstrating a conclusive link, arguably 

the most consistent finding was that physical aggression, and more specifically more severe 

physical aggression (e.g. violence), was associated with blunted overall ANS and SNS 

reactivity to provocation (e.g., male batterers; Gottman et al., 1995; Babcock et al., 2005). 

Comparatively, the findings for non-physical forms of aggression were more discrepant, 

with an almost equal number of null findings, ANS hypo-reactivity findings, and ANS 

hyper-reactivity findings. One notable exception to this was that PNS activity did appear 

to be associated with (non-romantic) relational aggression. However, overall, the findings 

suggest that blunted ANS (at least overall ANS and SNS) reactivity may be indicative of 

those who engage in moderate to severe physical aggression, and any relationship between 

ANS reactivity to provocation and other forms of aggression, if present, was likely more 

contextually/situationally dependent.    

Physical aggression, compared to other forms, is known to begin as early as infancy 

(Tremblay, Viatro, & Côté, 2018), with most infants or toddlers showing some physically 
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aggressive behavior (Tremblay et al., 2004; Tremblay et al., 2018). At this age there is no 

clear learning component needed for the behavior, and while for the majority of individuals 

this behavior subsides over the years, for a subset of those who are highly physically 

aggressive in infancy/childhood this behavior continues (Broidy et al., 2003; Di Giunta et 

al., 2010). Furthermore, this physically aggressive trajectory is highly associated with 

genetic markers such as those that affect key neurotransmitter systems associated with 

ANS functioning (e.g., Serotonin receptors; Wang et al. 2012) and reward/punishment 

systems (Niv and Baker, 2010). As such, proneness to moderate/severe physical aggression 

may be in part inherited through these genetic markers which affect these cortical systems, 

and manifest in the ANS phenotype of blunted ANS and SNS reactivity to provocation. 

Specifically, blunted ANS reactivity may increase the propensity to engage in the “fight” 

component of the “fight or fight” system by allowing for reduced fear during the 

altercation. That is, during altercations individuals with blunted ANS reactivity may still 

experience negative affect, but due to reduced feelings of fear or anxiety, it may prompt 

the desire to “fight” instead of “flee” (Ortiz & Raine, 2004; Raine & Jones, 1987; Scarpa 

& Raine, 1997). Moreover, without ANS feedback triggering feelings of anxiety about 

these situations, these individuals may not learn from the consequences of the altercations 

(e.g., hurting others, legal action) and thereby continue to aggress in the future (Scarpa & 

Raine, 1997). However, if counter behaviors to perceived threat/provocation are taught 

early on, then this biologically driven behavior to protect/defend during perceived threat 

may be reduced (Tremblay et al., 2018). This also means that this biological predisposition 

may be exacerbated by a genetic – environment interaction (i.e., family transmission of 

violence). 
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Biological parents may expose children who possess genetic vulnerabilities 

towards being physically aggressive to certain environmental situations that increase the 

likelihood of the children becoming physically aggressive. For example, epigenetic studies 

show that the relationship between genetic markers and physical aggression is greater 

among individuals who grew up in a dysfunctional household (Button et al., 2005) and 

whose parents use “coercive parenting” style (e.g., corporal punishment, being short 

tempered; O’Conner et al., 1998; Tuvblad & Baker 2011), as well as those whose parents 

engaged in high levels of antisocial behavior (O’Conner et al., 1998; Tremblay et al., 2018). 

Thus, the same individuals that provide the genetic material to be physically aggressive 

may also provide the environment to validate it. Furthermore, blunted ANS reactivity may 

increase the learning process of aggressive behaviors.  

During times of threat it is more difficult for learning to occur, as the body activates 

the SNS and withdrawals the PNS, thereby prioritizing resources to the body over cortical 

structures necessary for cognitive attention and memory formation (Porges, 2001, 2007). 

However, if individuals during a time of threat become vigilant/aroused but not fearful 

(a.k.a. have a blunted ANS response), then the ability to learn from the threat is increased 

(Katz, 2007). This has been made evident by studies that show that children who 

experience PNS augmentation, which would be associated with blunted overall ANS 

reactivity, while watching their parents fight show substantially greater levels of antisocial 

behavior and physical aggression (Katz, 2007). This suggests that blunted ANS reactivity 

to threat may not only directly be associated with physical aggression, but also increase the 

ability to learn from threatening situations (El-Sheikh & Erath, 2011; Katz, 2007). Thus, 

individuals with the biological predisposition to be physically aggressive may demonstrate 
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blunted ANS reactivity during times of threat, which allows them to “fight” instead of 

“flee,” (Ortiz & Raine, 2004; Raine & Jones, 1987; Scarpa & Raine, 1997) and remain 

vigilant, without experiencing intense fear or anxiety, thereby allowing cognitive resources 

to be available for learning during threatening situations in childhood (Katz, 2007). 

Moreover, this tendency may be further exacerbated by the environment, which may (a) 

not teach other regulatory strategies either by observation or instruction of 

parents/caregivers, and (b) validate the use of physical aggression as means to resolve a 

conflict through parental-child interaction (e.g., observing parental aggression, physical 

abuse, physical punishment; e.g., Tremblay et al., 2018). 

The paucity of clear evidence that aggression of any form being associated with 

hyper-reactivity of the ANS runs counter to the frustration- aggression theory. However, it 

should be noted that some studies did show an association between increased ANS 

reactivity and some forms of aggression, but this finding rarely occurred independent of 

other risk factors. Specifically, situational factors such as victimization by peers (Murray-

Close et al., 2014, romantic partners (Murray-Close et al., 2012), or sexual abuse (Murray-

Close & Rellini, 2012) were often present when a positive association between ANS 

reactivity and non-physical forms of aggression was observed. Further, in some of these 

cases psychological risk-factors of aggression conflated results as well, such as hostile 

attribution bias (Murray-Close et al., 2017) or rejection sensitivity (Sitjema et al., 2011). 

As such, hyper-reactivity of the ANS may only be associated with non-physical forms of 

aggression among samples that are already at risk to engage in aggression due to 

contextual, situational or psychological factors. 
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Non-physical forms of aggression had equivocal findings in regards to ANS 

reactivity, with the only exception being that blunted RSAR was associated with (non-

romantic) relational aggression. However, due to limited number of studies that examined 

other forms of aggression with RSAR, it is unclear whether blunted RSA withdrawal is 

unique to relational aggression or if it is associated with aggression across forms. 

Moreover, several studies’ findings were conflated by the relational aggression being 

proactive in nature, making establishing a clear relationship challenging. Regardless, 

RSAR is both an indicator of PNS reactivity and one’s ability to adapt to a given stimuli 

(Porges, 2001, 2007). As such, increased RSA withdrawal may actually be more of an 

indicator of adaptive responding to mobilize ANS resources, than intense negative affect. 

Thus, blunted PNS reactivity may be indicative of the inability to appropriately mobilize 

ANS resources, and as such, increase the utilization of maladaptive strategies in a given 

situation, such as aggressing.  This is supported by studies that show that PNS withdrawal 

during stress is associated with increased ability to adapt to the situation (see Balzarotti, 

Biassoni, Colombo, & Ciceri, 2017 for a complete review). However, it still remains 

unclear if this relationship is unique to relational aggression.  

2.4.2. ANS Reactivity and Aggression Function  

Based on the sparse literature assessing the aggression function - ANS reactivity 

relationship, there was partial support for higher levels of proactive aggression being 

associated with blunted ANS reactivity, with the strongest support for blunted PNS 

reactivity. The support for increased ANS reactivity being associated with reactive 

aggression was even more equivocal with roughly equal number of supportive and null 

findings.  
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Hypo-reactivity of the ANS has been primarily connected with the fearlessness 

theory of aggression (Ortiz & Raine, 2004; Raine & Jones, 1987; Scarpa & Raine, 1997), 

which proposes that hypo-reactivity may be indicative of low levels of fear, and as such 

may make individuals less responsive to punishment and more focused on their own goals. 

Thus, individuals with blunted ANS reactivity may use proactive aggression to reach a 

goal, as they are unconcerned about harming others to reach said goal. This propensity to 

use proactive aggression may be, in part, driven by the fact that, with little to no feedback 

by the ANS, one’s ability to learn from the consequences (e.g., distress of others, damaged 

relationships, legal action) is impaired and may make individuals more likely to aggress 

repeatedly (Raine & Jones, 1987; Scarpa & Raine, 1997). An alternative explanation is that 

blunted ANS within certain branches (PNS) may be indicative of increased attention and/or 

focus during times of threat, which allows individuals to learn from threatening situations 

in their childhood (Katz, 2007), and learn that aggression may be an effective strategy to 

reach desires goals. Thus, aggression associated with hypo-reactivity is likely to be used 

more “coldly” and/or as a means to attain a desired goal (i.e., proactive aggression; 

Babcock et al., 2014; Scarpa et al, 2010). Though there are some conflicting results (e.g., 

Wagner & Abaied, 2015), the current review found evidence supporting this theory, 

although this evidence was sparse in nature. 

 In comparison, hyper-reactivity of the ANS has been linked to the frustration-

aggression theory (Berkowitz, 1989; Dollard et al., 1939; Vitaro et al., 2006), which 

proposes that hyper-reactivity is associated with intense negative affective in response to 

perceived provocation, which may trigger aggressive responding if an individual is unable 

to control the negative affect (and corresponding ANS reactivity) through more 



    

 

79 

  

constructive means. Thus, it would follow that hyper-reactivity of the ANS should be 

associated with reactive aggression, yet the current review found equal supportive for 

positive and null findings in regards to this relationship. This may be, at least in part, due 

to the fact that the majority of individuals who engage in proactive aggression also engage 

in reactive aggression, with the inverse not always being true (Babcock et al., 2014). Thus, 

the primary biological relationship with aggression may be contingent on whether 

individuals engage in proactive aggression above reactive aggression. Further, the 

association with hyper-reactivity of the ANS may only exist among those who more 

exclusively engage in reactive aggression. However, only one study examined the 

interaction of reactive and proactive aggression with ANS reactivity (see Hubbard et al., 

2002).Regardless of this limitation, the literature provides preliminary evidence that 

blunted ANS, and more specifically PNS, reactivity to provocation is associated with 

proactive aggression, while support for increased ANS reactivity among those who engage 

in reactive aggression being highly mixed.   

2.4.3. ANS Reactivity: Provocation Type 

 There were no major differences across provocation type in directionality of the 

relationship between ANS reactivity and aggression. Moreover, whether the provocation 

was directly administered by the researcher, imagined, or was an actual confrontation with 

their romantic partner, the relationship directionally remained primarily associated with 

form and (to a lesser degree) function. Therefore, it may be the case that provocation type 

does impact ANS functioning, and in fact provocation type does not contribute significant 

variance to the ANS –aggression relationship, this would allow us to generalize across 

provocation tasks with more confidence. However, due to the limited amount of studies 
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that examined more than one type of provocation concurrently, more research needs to be 

conducted to confirm this.    

2.4.4. Conclusion 

This systematic review provides support for the relationship between blunted ANS 

reactivity and moderate to severe physical aggression and some, albeit more limited, 

support for the relationship between blunted ANS reactivity and increased levels of both 

non-romantic relational aggression and proactive aggression. The review also highlighted 

the limitation of the research to date and suggests area for future study.  For example, as 

both physical and proactive aggression were primarily associated with blunted ANS, and 

recent research suggests that physical aggression is uniquely predictive of proactive goals 

(e.g., revenge seeking; Chester & DeWall, 2018), it may be the case that blunted ANS 

reactivity may be associated with physical aggression at least in part due to the function of 

aggression and not the form. Yet, no study to date has examined whether blunted ANS 

reactivity is specific to physical aggression, or if it is dependent on the function (i.e., 

proactive aggression). Beyond this, the two primary biological theories of aggression 

suggest that fearlessness may be the connecting factor for hypo-arousal - proactive 

aggression relationship, while affective reactivity/dysregulation may be the connecting 

factor for the hyper-arousal - reactive aggression relationship. However, no study, to our 

knowledge, has examined these variables as potential mediators between the association of 

ANS reactivity and aggression within their specific functions. Finally, the studies covered 

in this review primarily examined RSAR and tonic EDAR with aggression. Future studies 

may benefit from examining the full breadth of HRV variables and examining EDA 

responses to direct provocation. In closing, by better understanding the relationship 



    

 

81 

  

between ANS reactivity and aggression, we can create tailored prevention and intervention 

efforts that target the underlying biological mechanisms that may drive severe physical 

aggression, such as using interventions that specifically target the under-arousal of the 

ANS, including medication (e.g., stimulants; Blader, 2006; Gadow et al., 2016) and/or 

psychological interventions (e.g., contingency planning; Babcock et al., 2014; Ramírez, 

2011).  
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CHAPTER 3 

ADDITIONAL ANALYSES 

3.1. Galvanic Skin Conductance Response  

Galvanic Skin Conductance Response (GSR) was originally planned to be used as 

the study’s measure of SNS reactivity, as GSR measures SNS reactivity that occurs directly 

after an emotionally provocative stimuli (like provocation) and no study to date had 

examined the relationship between GSR to provocation and aggression. However, due to 

receiving a poor reading for many of the participants (n = 9) and questionable GSR data 

for several other participants (n = 10), we decided to use EDAR as our measure of SNS 

reactivity. Below are the original preliminary analyses for GSR.  

Table 8     

Descriptive statistics for GSR and physical aggression variables  

Variables (n) M SD Skewness Kurtosis 

Aggression Variables     

BPAQ Trait Physical Aggression (76) 16.31 6.35 1.302 2.2 

TAP Average Shock (76) 3.98 2.36 -0.13 -0.79 

TAP Frequency of Extreme Shock (76) 0.59 1.23 2.99 10.7 

     

Physiology Variables      

Average GSR (69) 0.28 0.29 2.87 11.00 

Note: BPAQ = Buss Perry Aggression Questionnaire; TAP = Taylor Aggression 

Paradigm; Average Shock = Average shock selected during the TAP; Frequency of 

Extreme Shock = Number of extreme shocks selected during the TAP; GSR = galvanic 

skin conductance response.  

 

For descriptive statistics for GSR, see Table 8. Due to high levels of skewness and 

kurtosis, average GSR, was log transformed and was no longer significantly skewed (-0.61) 

or kurtotic (0.26). Age (see Table 9) and race (R2 = .06, F[3,63] = 1.31, p = .28) were not 

associated with Log-GSR. There was a significant effect of gender for Log-GSR (t[65] = 
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4.06, p < .001), with males (M = -0.49, SD = 0.35) having greater average Log-GSR then 

females, M = -0.90, SD = 0.44. This suggests that males may experience greater SNS 

reactivity directly after provocation compared to females and thereby may experience 

greater physiological components of negative affect directly (i.e., seconds) after being 

provoked, which was congruent with EDAR primary analyses in Chapter 1. 

Table 9 

Zero-order correlations between ANS reactivity and physical aggression variables 

 HRR RSA GSR Physical Shock (M) Shock (20) 

HRR 1 -0.37** 0.12 -0.09 -0.23* -0.10 

RSA  1 0.01 0.01 0.17 -0.06 

GSR   1 -0.05 -0.14 -0.21a 

Physical    1 0.15 0.07 

In-vivo     1 0.53** 

Extreme      1 

Note:; HRR = heart rate reactivity; RSAR = respiratory sinus arrhythmia reactivity; GSR 

= log transformed galvanic skin conductance response; Physical = Buss-Perry 

Aggression Questionnaire trait physical aggression; TAP = Taylor aggression paradigm; 

Shock(M) = mean shock set during the TAP; Shock (20) = number of extreme (20) 

shocks set during the TAP; * p < .05, ** p < .01, a p = .09 

 

3.2. Trait Measures of Aggression 

 Originally it was proposed that if both trait proactive and affective aggression were 

associated with any ANS reactivity variable, then we would determine if one function of 

aggression moderated the other. However, due to no ANS reactivity variables being 

significantly or uniquely4 associated with both trait proactive and affective aggression, the 

proposed moderation analyses were not conducted. 

                                                 
4 Trait proactive and affective were regressed onto ANS reactivity variables controlling gender. However, 

neither trait proactive or affective aggression uniquely predicted to any ANS reactivity variable.  



    

 

84 

 

 Additionally, trait physical aggression was originally considered as a potential 

mediator of the relationship between trait proactive aggression and ANS reactivity. 

However, Due to no ANS reactivity variables being significantly or uniquely5 associated 

with trait physical aggression (see Table 9), the proposed mediation analysis were not 

performed.   

3.3. Provocation & In-vivo Aggression 

 We initially proposed to examine the effect of provocation on both mean TAP 

shock selected and number of TAP extreme shocks (extreme in-vivo aggression). However, 

since the results on extreme shock were redundant to those of mean TAP shock in showing 

the validity of the provocation manipulation we only reported mean shock in manuscript.  

Below are the original preliminary analyses for extreme in-vivo aggression. 

Similar to the its effects on mean shock selected, TAP provocation also had a 

significant effect on number of extreme (“20”) shock selections (R2 = .16, F[3,225] = 13.79, 

p < .001). Number of extreme shock selections was significantly greater in the extreme 

provocation block then all other blocks, while number of extreme shocks in the high 

provocation block was only significantly greater then medium and (at a trend level) low 

provocation blocks, p = .06 (see Figure 7). There was no significant difference between 

block 1 and 2, p = 1.00.  This suggests that provocation does increase the use of extreme 

aggression, however, only after a substantial amount of provocation has occurred.  

                                                 
5 Trait physical aggression was regressed onto ANS reactivity variables controlling for gender, however, it did not 

uniquely predict to any ANS reactivity variables  
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Figure 7. Effect of provocation on frequency of extreme shock set. Note: The extreme 

block is significantly greater than all other blocks at p < .05, while the high block is also 

greater than the low block at p < .05.  

 

3.4. Provocation & ANS Activity 

We originally proposed to examine the effect of provocation level on ANS activity 

to determine how escalating provocation may affect specific branches of the ANS. 

However, the final version of the manuscript de-emphasized individual provocation block 

differences. Therefore, we only reported the effect of no provocation (resting state) to 

provocation (the entirety of the TAP) within Chapter 1. Below are the original proposed 

analyses. 
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We examined the effect of provocation on ANS activity by conducting two repeated 

measures ANOVAs on HR and RSA, as well as an ANCNOVA (controlling for gender) 

for GSR, with level of provocation (low, medium, high, extreme) as the independent 

variable. Post-hoc Bonferroni corrected t-tests were conducted to examine significant main 

effects.   

 

Figure 8. Effect of provocation on heart rate. Note: The low provocation block is 

significantly different from all other blocks at p < .05, while there are no other significant 

differences.  

Provocation had a significant effect on HR (p
2 = .14, F[3,216] = 11.51, p < .001), 

such that HR was significantly greater in the low provocation block then all other blocks 

(see Figure 8). All other provocation blocks were not significantly different from each other 

76

76.5

77

77.5

78

78.5

79

79.5

80

80.5

81

Low Medium High Extreme

H
ea

rt
 R

at
e

Provocation Block



    

 

87 

 

(all p >.24). Thus during low provocation participants had higher overall ANS activity 

compared to the later, higher provocation blocks. This may be due to individuals not 

identifying a need to self-regulate at very low levels of provocation. Alternately, it could 

be a function of time (vs level of provocation) needed to identify the need for regulation. 

Provocation also had a significant effect on GSR (p
2 = .11, F[3,204] = 8.11, p < 

.001), where GSR within the medium provocation block was significantly greater than all 

others provocation blocks (see Figure 9). All other provocation blocks were not 

significantly different from each other (all p > .29). Though admittedly post-hoc, one 

possible explanation for these results is that once a provocation has begun to increase 

individuals may have a greater increase in SNS reactivity, but then begin to self-regulate 

SNS reactivity as the provocation continues.  
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Figure 9. Effect of provocation on GSR. Note: GSR = Galvanic skin conductance 

response; The medium provocation block is significantly different from all other blocks 

at p < .05, while there are no other significant differences.  

 

There was no significant effect of provocation level on RSAR (p
2 = .01, F[3, 216] 

= .48, p = .79), and as such follow-up analyses were not conducted. 

3.5. ANS Reactivity & In-vivo Aggression 

  It was originally proposed to examine the association between ANS reactivity and 

in-vivo physical aggression to determine the effect of ANS reactivity on simultaneously 

occurring aggression.  However, due the focus of the manuscript being on trait measures 

of proactive and affective aggression it was not included in chapter 1. Below are the 

original proposed analyses.  

 Age (see Table 9), Gender, and Race were not associated with either mean (Gender 

t[74] = -.03, p = .97; Race p
2 = .02, F[3, 72] = .41, p = .75) or extreme (Gender t[74] = 

.03, p = .88; Race p
2 = .02, F[3, 72] = .59, p = .62) shock selections. When examining the 

simple relationships between ANS reactivity and in-vivo aggression variables, HRR was 

negatively associated with mean shock selection, while (at a non-significant trend level) 

Log-GSR was negatively associated with number of extreme shock selection (see Table 9). 

All other relationships were non-significant (p > .17).  Collectively, this suggests that 

blunted overall ANS reactivity is associated with real-time aggression, while blunted SNS 

reactivity may be associated with engaging in more extreme aggression. This falls in line 

with previous studies that shows that individuals who engage in greater levels of violence 
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show both blunted overall ANS and SNS reactivity (Babcock et al., 2004), which may be 

driven by a “colder” predisposition and lack of emotionality during provocation. Moreover, 

this lack of emotionality may allow them to engage in levels of violence that most 

individuals (who demonstrate increased SNS reactivity) would find distressing. 
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