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Abstract 

Disproportionate anger and reactive aggression in response to provocation are core symptoms 

of intermittent-explosive disorder (IED). Previous research shows a link between the propensity 

for aggression in healthy individuals and altered functioning of prefrontal-limbic and default-

mode networks (DMN) at rest when no provocation is present. In a pilot study, we used 

resting-state functional magnetic resonance imaging to investigate the effects of pronounced 

reactive aggression in men, exemplified by IED, on the functional organization of resting-state 

brain networks including subcortical nodes such as the habenula previously implicated in 

aggression in preclinical models. Graph theory was applied to resting-state networks to 

determine alterations in global efficiency and clustering in high reactive aggressive men 

compared to low reactive aggressive men (controls). Further, we computed within-group 

correlations between trait aggression and graph measures, as well as within-group whole-brain 

seed-to-voxel regression analyses between trait aggression and habenula resting-state 

functional connectivity (rsFC). Reactive aggressive men compared to controls showed higher 

global efficiency in the left habenula, the left pulvinar in the thalamus, the left dorso-lateral 

prefrontal cortex, and the right temporal pole, as well as a trend for decreased clustering in 

DMN nodes. In the reactive aggressive group, high levels of trait aggression were linked to 

lower global efficiency of the left habenula, and to lower rsFC between the left habenula and the 

left ventro-lateral prefrontal cortex, a core region involved in inhibitory control. Together with 

preclinical evidence, our findings in men underline the relevance of aberrant habenula-

prefrontal connectivity for the severity of aggressive behavior. 
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1. Introduction 

Reactive aggression is an anger-based approach-related motivated behavior to a provoking or 

threatening event (Blair, 2012; Harmon-Jones et al., 2013). Repeated reactive aggressive 

outbursts are the core symptom of intermittent explosive disorder (IED), which affects about 3-

7% of the US population (lifetime prevalence, Kessler et al., 2006; Scott et al., 2016). Despite the 

relatively high life time prevalence and devastating consequences of IED, to date the 

neurobiological underpinnings of IED are understudied compared to other, less prevalent 

mental health disorders also defined by aggressive tendencies including anti-social personality 

disorder (lifetime prevalence ~ 1% in the US population, Lenzenweger et al., 2007). 

Neurobiological models derived from human studies suggest that disproportionate 

reactive aggression is mediated by a functional imbalance between hypo-active “top-down” 

prefrontal control and hyper-active “bottom-up” limbic areas implicating dysfunctional 

prefrontal-limbic circuits (Coccaro et al., 2007; Davidson et al., 2000; Siever, 2008). Specifically, 

individuals diagnosed with IED show greater right (McCloskey et al., 2016) and left amygdala 

reactivity (Coccaro et al., 2007), and lower activation in the right lateral orbitofrontal cortex in 

response to angry faces, as well as a reduced coupling between the left amygdala and the right 

ventro-medial prefrontal cortex (PFC) compared to controls (Coccaro et al., 2007). Furthermore, 

IED has been associated with lower grey matter volume of the right amygdala, and bilaterally 

in the ventro-medial PFC, the dorso-medial PFC, and the anterior insula (Coccaro et al., 2016), 

as well as lower white matter integrity in the left hemispheric superior longitudinal fasciculus 

that connects temporo-parietal association areas with the lateral and medial PFC (Lee et al., 
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2016). Animal studies have underlined the role of subcortical limbic areas such as the medial 

hypothalamus (Falkner et al., 2014; Haller, 2013; Siegel and Victoroff, 2009) and the 

periaqueductal grey for defensive reactive aggressive behavior (Blair, 2012). Recently, the lateral 

habenula, a small epithalamic structure that plays a role in reward- and aversion-related 

motivated behavior (Boulos et al., 2017; Lawson et al., 2014; Matsumoto and Hikosaka, 2007), 

has been shown to regulate appetitive aggression in mice (Golden et al., 2016). Using a 

conditioned place preference paradigm with an intruder-paired “aggression” context, 

aggressive mice showed an increased preference for aggressive encounters while exhibiting 

decreased lateral habenula firing. Importantly, optogenetic photostimulation revealed that 

increasing lateral habenula firing (by silencing GABAergic basal forebrain projections to the 

lateral habenula) inhibited the aggression preference of aggressive mice. Thus, increased lateral 

habenula firing might represent an inhibitory mechanism to reduce the motivation to seek 

aggressive encounters in animals (Flanigan et al., 2017; Golden et al., 2016).   

Resting-state fMRI (rsfMRI) allows for the study of the brain’s resting-state functional 

connectivity (rsFC) while individuals are alert but do not perform a task, thereby circumventing 

complex task-related variability in brain activation (Fox and Greicius, 2010). Previous research 

demonstrated altered rsFC in several of the aforementioned brain regions and circuits, but also 

in additional networks, in healthy non-clinical populations with a propensity for anger and 

aggression. Specifically, in healthy men, elevated trait anger and low anger control have been 

associated with reduced rsFC between the right amygdala and the left lateral orbitofrontal 

cortex (Fulwiler et al., 2012), the latter involved in behavior regulation and cognitive control 

(e.g., Miller and Cohen, 2001; Ochsner et al., 2004). In contrast, higher global rsFC between the 
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right amygdala and the right ventro-lateral PFC (vlPFC) has been reported after experimental 

anger induction compared to a “no-anger” resting baseline in healthy men with high trait anger 

(Gilam et al., 2017). Interestingly, higher rsFC between the right amygdala and the left vlPFC 

has also been associated with greater success in down-regulating emotions induced by angry 

faces in healthy participants (Morawetz et al., 2016). Moreover, the default-mode network 

(DMN), which is active during mind-wandering (Greicius et al., 2003; Raichle et al., 2001), has 

also been implicated in anger and aggression phenotypes. For example, healthy carriers of the 

low-activity monoamine-oxidase A (MAOA-L) genotype, a genetic risk marker for reactive 

aggression (Brunner et al., 1993; Buckholtz and Meyer-Lindenberg, 2008), showed increased 

rsFC in the DMN, but decreased rsFC in the dorsolateral prefrontal executive network (Clemens 

et al., 2015), a network involved in the preparation and execution of behavioral responses 

(Beckmann et al., 2005; Fox et al., 2006; Laird et al., 2011). Pronounced impulsivity in juvenile 

offenders was similarly linked to increased rsFC between the premotor cortex and the DMN, 

but diminished premotor rsFC with the dorsal prefrontal executive network (Shannon et al., 

2011). Together, these findings suggest enhanced DMN rsFC, but reduced rsFC in medial as 

well as lateral prefrontal-limbic and premotor networks at an unprovoked baseline, in 

individuals at risk for aggressive behavior. However, to date, no systematic whole-brain 

investigations of rsFC in individuals with clinically significant reactive aggression, as exemplified 

by IED, have been undertaken. To that end, using a systematic whole-brain approach, here we 

aimed to investigate putative abnormalities in the functional organization of resting state brain 

networks in reactive aggressive men.  
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An emerging approach for investigating the organization and efficiency of brain 

connectivity in complex psychiatric disorders such as IED is graph theory, a mathematical 

framework in which a (brain) network is divided into graphs consisting of nodes (e.g., brain 

areas) and edges (e.g., connectivity between these areas) (Achard et al., 2006; Latora and 

Marchiori, 2001; Rubinov and Sporns, 2010). Healthy and efficient brain networks adhere to the 

“small-world” principle, in which the network contains modules (i.e., clusters of neighboring 

nodes) with high within-module connectivity, and robust links between these modules or 

clusters. Small-world networks are thus characterized by high local clustering, which indicates 

a high density of connections between neighboring nodes (Bassett and Bullmore, 2009), and 

high global efficiency, which indicates the efficient transfer of information on a global scale 

across the whole network through short path lengths between clusters (Achard et al., 2006; 

Watts and Strogatz, 1998). More specifically, the clustering coefficient metric is considered a 

measure of functional segregation indicating “the ability for specialized processing to occur 

within densely interconnected groups of neighboring brain regions” (Rubinov and Sporns, 

2010). In contrast, global efficiency is considered a measure of functional integration indicating 

“the ease with which brain regions communicate” within the network (Rubinov and Sporns, 

2010). Compromised clustering and global efficiency have been reported in resting-state brain 

networks across neuropsychiatric disorders including schizophrenia, Alzheimer’s disease, and 

attention deficit hyperactivity disorder (Bassett and Bullmore, 2009; Crossley et al., 2014; Wang 

et al., 2009).  

By comparing high reactive aggressive men endorsing clinically significant behavioral 

features of IED to low aggressive healthy men, we investigated the effects of reactive aggression 
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on the functional organization of resting-state brain networks. We first used a graph theory 

approach to determine alterations in the global efficiency and the clustering coefficient across 

the whole brain, two central measures indicating the small-world organization of the brain. To 

further understand the relevance of potential alterations in the resting-state brain organization 

for the severity of aggressive behavior in the reactive aggressive group, we investigated 

associations between trait aggression (Buss and Perry, 1992) and the graph measures in nodes, 

that differed between the groups. Moreover, we also conducted whole brain seed-to-voxel 

regression analyses with those nodes differing between the groups and showing associations 

with trait aggression in the reactive aggressive group to determine whether rsFC of these nodes 

with other brain regions was modulated by trait aggression. Based on the human resting-state 

neuroimaging studies reviewed above, we expected that, compared to the low aggressive 

controls, reactive aggressive men would show altered global efficiency and clustering in the 

DMN, in prefrontal-limbic, and executive networks; based on the animal literature reviewed, 

we also expected alterations of these network properties in subcortical regions encompassing 

the hypothalamus, the periaqueductal grey, and the habenula.  

2. Methods 

2.1 Participants 

Healthy low aggressive men and men with “anger issues” were recruited from the general 

population through newspaper advertisements and word-of-mouth (for details, Gan et al., 2016; 

Huang et al., 2018). We only included male participants to decrease variability in this pilot 

study and given a moderate overrepresentation of IED in males (Kessler et al., 2006; Scott et al., 
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2016). All individuals provided written informed consent prior to study participation in 

accordance with Stony Brook University’s Institutional Review Board.  

All participants underwent a psychiatric Structured Clinical Interview (SCID, Ventura et al., 

1998) to assess DSM-IV Axis-I psychiatric, and Axis-II Cluster-B personality disorders including 

anti-social personality disorder and borderline personality disorder (First, 1997), as well as a 

structured interview to assess DSM-IV and integrated research criteria for IED (IED-IR) 

(Coccaro, 2012; Coccaro et al., 2004). The IED-IR interview was only completed in participants 

who endorsed the gate question concerning verbal or physically aggressive outbursts (e.g., 

intense verbal arguments, temper tantrums, damage of property) within the past year. If no 

aggressive outbursts were endorsed, the IED-IR interview was not undertaken and IED-IR 

scores were not computed. In total, 11 males endorsed significant behavioral features consistent 

with full IED (n=7, IED-IR interview score>=15) or subclinical IED (n=4; operationalized in the 

current study as an IED-IR interview score=13-14), and these constituted our reactive aggressive 

group. Twelve healthy male controls did not endorse any aggressive outbursts in the gate 

question for the IED-IR interview; they also did not meet criteria for any other DSM-IV 

psychiatric disorder. They were matched with the reactive aggressive group on age, ethnicity, 

and years of education, and constituted our low aggressive group. Following our previous 

work (Gan et al., 2016), we included reactive aggressive participants with subclinical IED to the 

reactive aggressive group to acknowledge the continuous nature of aggressive behavior; this 

decision was also in line with the “Research Domain Criteria” (RDoC) for relevant functional 

domains inclusive of the negative valence system (Morris and Cuthbert, 2012). Additionally, all 

participants completed the Buss-Perry aggression questionnaire (BPQ) assessing overall trait 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

aggression, as well as physical and verbal aggression, anger, and hostility (Buss and Perry, 

1992). We also assessed depressive symptoms with the Beck Depression Inventory (BDI-II) 

(Beck and Steer, 1984), and substance use (e.g., alcohol, cigarette, cannabis) with the SCID. Five 

reactive aggressive individuals reported comorbid disorders frequently found for IED (Kessler 

et al., 2006): current generalized anxiety disorder and a single/remitted major depressive 

episode (n=1); current anti-social personality disorder (n=2); remitted lifetime alcohol abuse 

(n=1); and remitted lifetime cannabis abuse (n=1) (see Table 1 for substance use patterns and 

depressive symptoms).  

Exclusion criteria were (see also, Gan et al., 2016) any: a) neurological disease, including 

seizures, and/or history of head trauma with loss of consciousness (>30 minutes); b) major 

physiological conditions (e.g., cardiovascular, endocrinological, oncological, or autoimmune 

disease); c) major psychiatric disorder with psychosis (e.g., schizophrenia, bipolar disorder), as 

well as current substance use disorders; d) use of  psychoactive medication within 6 months 

prior to study date; e) MRI contraindications; and f) positive urine screens for psychoactive 

drugs or their metabolites (amphetamine/methamphetamine, cocaine, phencyclidine, 

benzodiazepines, cannabis, opiates, barbiturates, inhalants). 

2.2 MRI data acquisition 

Functional and structural MRI was performed on a 4T whole-body Varian/Siemens MRI 

scanner at the Brookhaven National Laboratory, Upton, New York. For rsfMRI, the blood 

oxygenation level dependent (BOLD)-fMRI contrast was measured with a T2*-weighted single-

shot gradient-echo echo planar imaging sequence (EPI):  echo time (TE)=20 ms; repetition time 

(TR)=1600 ms; 3.125×3.125 mm2  in-plane resolution; 4 mm slice thickness; 1 mm gap; 33 coronal 
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slices; field of view (FOV)=200 mm; 64×64 matrix size; 90°-flip angle; 200 kHz bandwidth with 

ramp sampling, 4 dummy scans. A T1-weighted structural MRI scan was acquired for each 

participant using a 3D-MDEFT (3 dimensional modified driven-equilibrium Fourier transform) 

sequence (Lee et al., 1995): TE=7ms, TR=15 ms, 0.94×0.94×1.00 mm3 spatial resolution, axial 

orientation, 256 readout and 192×96 phase-encoding steps. All participants completed a 5-

minute rsfMRI scan (195 volumes), and a 16-minute structural MRI scan. For rsfMRI, 

participants were instructed to lie as still as possible with eyes open. Padding, earplugs, and 

headphones were used to minimize motion and scanner noise (Tomasi et al., 2005).  

2.3 Data analysis 

2.3.1 Trait measures of anger and aggression 

We computed independent t-tests or χ2-tests to test for group differences in demographics, 

depressive symptoms, substance use, the BPQ total trait aggression score and all four subscales 

(anger, verbal and physical aggression, hostility; see Table 1). The alpha-level was Bonferroni-

corrected for the number of tests performed (n=15 tests; p<.004).  

2.3.2 rsfMRI data analysis 

Resting-state fMRI data were preprocessed and analyzed using MATLAB-based toolboxes (The 

Mathworks, Natick, MA, USA) including the CONN functional connectivity toolbox (version 

16.b) (Whitfield-Gabrieli and Nieto-Castanon, 2012) (http://www.nitrc.org/projects/conn/), and 

statistical parametric mapping (SPM12, Wellcome Trust Centre for Neuroimaging, London, 

UK). 
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For preprocessing, fMRI BOLD data were slice-time corrected, realigned, normalized to the 

standard MNI-EPI template, and smoothed with an 8-mm isotropic FWHM Gaussian kernel, a 

smoothing kernel associated with robust performance in SPM analyses (Eklund et al., 2015; 

Hayasaka and Nichols, 2003). The resampled voxel size was 2x2x2 mm. We identified motion 

(>2 mm translation, >1.15 degree of rotation) and signal (spiking, >3 standard deviations of the 

signal mean, z-threshold) outlier time points for each participant using the CONN-supported 

Artifact Detection Toolbox (ART) (https://www.nitrc.org/projects/artifact_detect/) (Whitfield-

Gabrieli and Nieto-Castanon, 2012). For each participant, we added to the CONN denoising 

step an array containing one binary regressor for each outlier time point, the six SPM rigid-body 

realignment parameters and their first derivatives (3 translation, 3 rotation parameters), and a 

composite measure of scan-to-scan movement computed by the ART toolbox, which estimates 

the maximum voxel displacement resulting from the combined effect of the individual 

translation and rotation displacement measures. Further, we modeled spurious low frequency 

fluctuations of the BOLD signal due to non-neuronal sources such as scanner artifacts in the 

white matter (WM) (Jo et al., 2010), and physiological artifacts (e.g., cardiac, respiratory, motion) 

in the cerebro-spinal fluid (CSF) (Birn et al., 2009) by extracting BOLD signal components from 

CSF and WM areas for each participant. These noise confounds were then added to the 

denoising step using the component-based noise correction method (CompCor, Behzadi et al., 

2007) as implemented in CONN (Whitfield-Gabrieli and Nieto-Castanon, 2012). Further, grey 

matter masks were generated for each participant to ensure that only BOLD signal from the 

grey matter was considered in the analysis. Importantly, the CompCor method does not rely on 

global signal regression, another commonly used technique in rsfMRI for regressing out non-
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neuronal confounds, but which has been previously criticized for inducing spurious anti-

correlations due to alterations in the distribution of correlation coefficients (Chang and Glover, 

2009; Murphy and Fox, 2017). All confounding factors were regressed out from the BOLD time 

series at each voxel using linear regression. Linear detrending was applied as part of the 

nuisance regression. Then, to isolate low-frequency resting-state BOLD signal fluctuations, the 

BOLD time series were band-pass filtered within a range of 0.008-0.09 Hz to reduce the effect of 

low-frequency drift and high-frequency noise (Hallquist et al., 2013).  

There were no significant group differences in scan-to-scan movement (reactive aggressive 

group: mean = 0.19 mm ± 0.08 mm; controls: mean = 0.27 mm ± 0.12 mm, t(21)=-1.695, p=.105) or 

in the number of outlier time points (reactive aggressive: mean = 2.5% ± 2.6%; control group: 

mean = 5.1% ± 7.3%, U=59.5, p=.683, n=23; Mann-Whitney U-Test due to non-normal 

distribution).  

For the graph theory analyses, the brain was parcellated into 638 similarly-sized brain regions 

(nodes) using a high-resolution anatomical template (Crossley et al., 2013), which respects grey 

matter landmarks based on a binarized mask of the “Automated Anatomical Labeling” 

template (Tzourio-Mazoyer et al., 2002; for details about the parcellation algorithm, see Zalesky 

et al., 2010). The Crossley template has previously been shown to be sensitive for detecting 

impairment of hubs across mental disorders (e.g., schizophrenia, and affective disorders) 

(Crossley et al., 2014). We added 5 subcortical regions of interest that were not covered by the 

parcellation including the periaqueductal grey [5mm sphere at x=1, y=-29, z=12, based on 

(Linnman et al., 2012)], the left/right hypothalamus [5mm sphere at x=±8, y=-4, z=-4, based on 
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(Kroemer et al., 2013)], and the left/right habenula [3 mm sphere at x=-2.8/4.8, y=-24.4/-24.1, 

z=2.3/2.2; based on (Lawson et al., 2013); all coordinates given in MNI space] resulting in a total 

of 643 nodes.  

For each participant, a 643x643 matrix of Fisher-transformed bivariate correlation coefficients 

between the BOLD time series of each node with all other nodes was computed. For 

computation of graph theory measures, the 643x643 matrix was thresholded at a fixed cost level 

of 0.15 including the 15% strongest positive connections. Based on the individual graph, global 

efficiency and a clustering coefficient metric were computed for each participant. We did not 

focus on local efficiency and characteristic path length as they are highly associated with the 

clustering coefficient or the global efficiency, respectively (Bullmore and Sporns, 2009; Rubinov 

and Sporns, 2010; Strang et al., 2018). We also did not focus on centrality measures such as the 

degree of a node (i.e., the number of edges connected to a given node), or the betweenness 

centrality (i.e., “the fraction of all shortest paths in the network that pass through a given node”) 

(Rubinov and Sporns, 2010) as the global efficiency of a single node (i.e., the average inverse 

shortest path distance from a single node to all other nodes) can be considered a measure of the 

centrality of a node (Whitfield-Gabrieli and Nieto-Castanon, 2012). Nevertheless, for 

thoroughness, we present group differences for the above mentioned graph measures in the 

supplementary material.  

Following recommendations for graph theory analyses (Achard et al., 2006; Whitfield-Gabrieli 

and Nieto-Castanon, 2012), we show that small-world properties, indicated by higher global 

efficiency of our network than that of a lattice graph, as well as higher clustering/local efficiency 
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than that of a random graph, were present at our cost threshold of 0.15 across all participants, as 

well as separately for the reactive aggressive and the control group (supplementary Figure S1). 

Consistent with previous studies (Redcay et al., 2013; Rubinov and Sporns, 2010), we confirmed 

that our findings were valid at a variety of other cost thresholds from 0.05, 0.1, 0.2, to 0.25.  

To identify differences in rsFC between the reactive aggressive and the control group, group 

differences in global efficiency and clustering coefficients were assessed across the whole 

network using independent t-tests in CONN. While we focused on group differences at a 

corrected whole-brain node-wise significance level of pFDR<.05 to minimize the risk of false-

positives, we additionally report all nodes showing group differences at an uncorrected whole-

brain node-wise threshold of p<.001 to further explore the extent of the anticipated group 

differences. Network-level summary measures for global efficiency and clustering coefficient 

averaged across all nodes of the network are also reported (Whitfield-Gabrieli and Nieto-

Castanon, 2012).  

To further assess the relevance of group differences in global efficiency and clustering 

coefficient for the severity of aggressive behavior within the reactive aggressive group, we 

computed within-group Spearman correlation coefficients between the graph measures of the 

nodes showing group differences at a corrected significance level and the BPQ total aggression 

score using SPSS (IBM, NY, USA). This analysis followed guidelines by Fox and Greicius (2010), 

who proposed to validate rsFC differences between a clinical and a healthy control group by 

studying associations with a variable assessing the severity of a relevant clinical symptom (such 

as aggressive behavior). To confirm that significant correlations were specific for the reactive 
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aggressive group, we compared whether correlation coefficients were significantly different 

between the reactive aggressive and the control group using Fisher’s r-to-z transformation (R-

based online tool, Diedenhofen and Musch, 2015; Fisher, 1925). Due to the dependency between 

the BPQ total score and the BPQ subscales (verbal and physical aggression, anger, hostility; 

Spearman’s r>.81) (see also, Buss and Perry, 1992), we present exploratory correlation analyses 

between the graph measures and the four BPQ subscales in the supplementary material only. 

Finally, we used those nodes showing significant group differences and correlations with the 

severity of trait aggression (BPQ total score) as seeds in within-group post-hoc whole-brain seed-

to-voxel regression analyses in CONN; these analyses were conducted in the reactive aggressive 

group to determine whether these select nodes showed altered rsFC with other brain regions as 

a function of trait aggression. To confirm that specific correlations were not present in the 

control group, we (i) compared rsFC for clusters showing effects with trait aggression in the 

reactive aggressive group by extracting the rsFC values, (ii) assessed the same whole-brain 

regression model in the controls only, and (iii) formally compared whole-brain regression 

models between both groups. The significance level for the seed-to-voxel analyses was set to an 

FDR-corrected cluster-threshold of p<.05 at an initial voxel-wise height threshold of p<.001 

uncorrected.  

3. Results 

3.1 Trait anger and aggression 

Table 1 displays demographics, substance use, depressive symptoms, and trait anger, hostility 

and aggression measured with the BPQ for the two groups. The groups did not differ on age, 
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race or education. There were trends for group differences in cigarette and alcohol use, such 

that more reactive aggressive individuals (n=4) were current cigarette smokers than controls 

(n=1), and more controls (n=6) reported occasional alcohol use than reactive aggressive 

individuals (n=1). However, continuous measures of current and lifetime alcohol (days/years of 

alcohol use) did not differ between the groups. There was also no difference between the 

groups in cannabis use. Relative to controls, the reactive aggressive group reported significantly 

higher depressive symptoms on the BDI-II, as well as significantly higher aggression on the 

BPQ total aggression score and all subscales.  

3.2 Group differences in rsFC 

Graph theory analyses revealed significantly higher global efficiency and lower clustering 

coefficient at the network level (across all nodes, entire network) for reactive aggressive 

individuals compared to controls (Table 2). Specifically, the global efficiency of individual 

nodes was higher in the reactive aggressive relative to the control group in the left pulvinar 

(located in the thalamus), the left habenula, the left dorso-lateral PFC (dlPFC), and the right 

temporal pole at a corrected significance threshold, as well as in the right superior temporal 

gyrus at the exploratory uncorrected p<.001 threshold (Figure 1A, Table 2). The clustering 

coefficient of individual nodes was decreased in the left precuneus, the left dorso-medial PFC, 

and in left occipital areas at the exploratory uncorrected p<.001 threshold only (Figure 1B, Table 

2). Additional graph theory measures (i.e., local efficiency, characteristic path length, degree, 

and betweenness centrality) yielded redundant results except for betweenness centrality 

showing group differences in a single occipital node (Table S1, supplementary material).  
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3.3 Within-group correlation analyses between node-wise global efficiency 

and trait aggression 

Correlation analyses between the global efficiency of the left habenula, the left pulvinar, the left 

dlPFC, and the right temporal pole, and trait aggression (BPQ total score) revealed a significant 

negative correlation between trait aggression and global efficiency of the left habenula in the 

reactive aggressive group (Table 3, Figure 2B; significance level Bonferroni-corrected for n=4 

tests in the reactive aggressive group, p<.0125). This correlation coefficient was significantly 

different from the correlation coefficient in the controls (Fisher’s Z=-2.389, p=.017; Table 3, 

Figure 2B). Thus, while higher levels of trait aggression in the reactive aggressive group were 

associated with lower global efficiency of the left habenula, no significant association emerged 

in controls, and this group difference in correlation coefficients was significant. Exploratory 

correlation analyses between the global efficiency of the four nodes and the four BPQ subscales 

revealed significant negative correlations in the reactive aggressive group between the left 

habenula and BPQ physical aggression (Spearman’s r=-0.726, p=.011; not significantly different 

from the controls, Fisher’s Z=-1.631, p=.102), as well as between the left pulvinar and BPQ anger 

(Spearman’s r=-0.764, p=.006; significantly different from the controls, Fisher’s Z=-2.540, p=.011; 

Table S2) at an uncorrected significance threshold only. Across all correlation analyses between 

global efficiency with trait aggression, and the BPQ subscales, no correlation coefficient reached 

significance in the controls. 

3.4 Within-group post-hoc whole-brain seed-to-voxel regression analyses with 

the habenula as the seed  

Post-hoc whole-brain seed-to-voxel regression analyses revealed a negative correlation in the reactive 

aggressive group between trait aggression (BPQ total score) and rsFC of the left habenula (i.e., 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16 

 

the seed) with a left-lateralized cluster encompassing the vlPFC (BA 47) and the temporal pole 

(BA 38) (Table 4, Figure 2C). While higher trait aggression was linked to a more negative 

habenula-vlPFC rsFC, lower trait aggression was linked to a more positive habenula-vlPFC 

rsFC (Figure 2D). In contrast, habenula-vlPFC rsFC (i.e., values extracted for the controls from 

the vlPFC cluster shown in Figure 2C) did not correlate with trait aggression in the controls 

(Spearman’s r=.224, p=.484); likewise, no other correlation with the left habenula seed emerged in 

any other cluster for the controls in a within-group whole-brain seed-to-voxel regression 

analysis. Comparing regression models between the reactive aggressive and the control group 

in CONN revealed a significant group difference in the correlation between trait aggression and 

rsFC of the left habenula with occipital areas (cluster-wise pFDR<.05), as well as with the left 

vlPFC and the cerebellum at an uncorrected voxel-wise threshold (p<.001 uncorrected, >50 

connected voxels; Table S3).  

Due to significant group differences we further assessed the influence of depressive symptoms 

on our brain imaging measures (i.e., global efficiency, clustering coefficient, and the seed-based 

habenula-vlPFC rsFC) by computing bivariate correlations with the BDI scores. Depressive 

symptoms were significantly correlated with the clustering coefficient in the calcarine gyrus 

node and the dorso-medial PFC node in the controls, but not in the reactive aggressive group 

(Table S4). As there were no associations between depressive symptoms and global efficiency 

in any node that was used for follow-up correlation analyses and for the habenula-vlPFC rsFC, 

we did not include depressive symptoms as a covariate in the whole-brain graph theory 

analysis or the post-hoc whole-brain seed-to-voxel regression analysis to not further lower the 

power of the analysis. 
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4. Discussion 

Using a resting-state fMRI graph theory approach, we identified larger global efficiency, 

specifically in the left habenula, the left pulvinar (located in the thalamus), the left dlPFC, and 

the right temporal pole, as well as a trend for lower clustering coefficient, specifically in DMN 

nodes (including the left dorso-medial PFC and left precuneus) in reactive aggressive men, 

showing significant behavioral features of IED, compared to low aggressive men. Moreover, 

correlation analyses demonstrated that the global efficiency of the left habenula correlated with 

the severity of aggression in the reactive aggressive group only. Follow-up post-hoc whole-

brain seed-to-voxel analyses with the left habenula as the seed further determined that 

specifically rsFC between the left habenula and the left vlPFC was correlated to trait aggression 

in the reactive aggressive group. Thus, as compared to low aggressive men (controls), reactive 

aggressive men showed overall higher habenula global efficiency. However, within the reactive 

aggressive group, lower levels of trait aggression were linked to higher habenula global 

efficiency, as well as to a more positive habenula-vlPFC rsFC. In contrast, higher levels of trait 

aggression were linked to lower habenula global efficiency, as well as to a more negative 

habenula-vlPFC rsFC again in this group. Because the vlPFC is considered a core region for 

inhibitory control (Corbetta and Shulman, 2002; Swick et al., 2011), our findings in the reactive 

aggressive men support preclinical findings highlighting the potential relevance of habenula-

cortical connectivity for the inhibitory regulation of aggressive behavior (Golden et al., 2016). 

While caution should be taken in interpreting our findings due to the pilot nature of our study, 

altered habenula-vlPFC rsFC could be a marker for the risk of engaging in premature 

aggressive responses during anger episodes in severely reactive aggressive men. 
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4.1 Heightened global efficiency at rest in reactive aggressive men 

Heightened global efficiency of the left habenula, the left pulvinar, the left dlPFC, and the right 

temporal pole in reactive aggressive individuals partly converges with previous results 

implicating subcortical and prefrontal nodes in aggression across species (Alia-Klein et al., 2014; 

Clemens et al., 2015; Golden et al., 2016). Importantly, increased habenula firing induced by 

silencing GABAergic projections from the basal forebrain to the lateral habenula has been 

shown to inhibit a preference for seeking aggressive encounters and to decrease the severity of 

aggressive bouts (i.e., attack duration) in aggressive mice (Golden et al., 2016). In contrast, we 

observed that reactive aggressive relative to low aggressive men exhibited higher global 

efficiency of the left habenula at rest while no provocation and likely no aggression motivation 

was present. Thus, habenula functioning in reactive aggressive men might differ between rest 

and active aggressive behavior, a framework that merits further characterization in humans 

using fMRI paradigms previously shown to robustly elicit reactive aggression (Gan et al., 2016; 

Gan et al., 2015; Kose et al., 2015; Kramer et al., 2007). Nevertheless, given the negative 

correlation between habenula global efficiency with the severity of aggression, our findings also 

suggest that larger habenula global efficiency at rest is associated with lower trait aggression in 

the highly reactive aggressive men. This finding indicates that habenula activity or its 

integration with the rest of the brain might be needed for a lower severity of aggression, as 

previously shown in animal studies (Golden et al., 2016). 

Heightened global efficiency of the left pulvinar in the reactive aggressive group is consistent 

with previous findings linking heightened reactivity of this region to high trait anger (Alia-

Klein et al., 2018), and to anger reactivity in carriers of the MAOA-L genotype (Alia-Klein et al., 
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2009). Moreover, poor anger regulation in response to unfair offers during an “anger-infused” 

ultimatum game has been associated with lower connectivity between the dorsal posterior 

insula and the medial thalamus, which is located close to the pulvinar (Gilam et al., 2015). While 

the role of the pulvinar and other thalamic nuclei for anger and aggression remains to be 

elucidated, it is possible that in human reactive aggression the pulvinar might be linked to 

altered bottom-up visual attention allocation and arousal in response to behaviorally-salient 

stimuli (Anders et al., 2004; Fischer and Whitney, 2012; Kanai et al., 2015; Portas et al., 1998). In 

line with this idea, the thalamus has recently been discussed to be involved in the responding to 

salient drug cues in drug addiction (Huang et al., 2018). Furthermore, enhanced global 

efficiency of the left dlPFC at rest in reactive aggressive men might be linked to enhanced 

functioning of an intrinsic connectivity network that is involved in the preparation of executed 

movements (Beckmann et al., 2005; Fox et al., 2006; Laird et al., 2011). This finding is partly in 

line with heightened left dlPFC activity during error processing in individuals diagnosed with 

IED, suggesting enhanced sensitivity for salient erroneous events (Moeller et al., 2014). In 

contrast, individuals with a propensity for aggression (MAOA-L carriers), and impulsivity 

(juvenile offenders), showed decreased rsFC of the dorsal prefrontal executive network 

(Clemens et al., 2015; Shannon et al., 2011). Differences in enhanced compared to impaired 

functioning of the dlPFC across studies might be explained by the heterogeneity of the 

aggression phenotypes that have been studied (IED vs. MAOA-L carriers, impulsive juvenile 

offenders), as well as by the heterogeneity of the fMRI methods employed (task-based vs. 

rsfMRI, graph theory vs. ICA). Finally, although the right temporal pole has not been directly 

associated with aggressive behavior, it belongs to an intrinsic connectivity network involved in 
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the discrimination of social-emotional stimuli (Laird et al., 2011), and the retrieval of social 

scripts (Adolphs, 2009; Frith, 2007; Olson et al., 2013), crucial functions for adaptive behavior. 

Taken together, as higher levels of global efficiency of nodes indicate a larger centrality within 

the network, it can be posited that higher global efficiency of the left habenula, the left pulvinar, 

the left dlPFC, and the right temporal pole may reflect a more efficient transfer of information 

regarding salient provoking events between subcortical and cortical nodes. This more efficient 

transfer could potentially be of detriment for behavior and emotion control in reactive 

aggressive men. In support of this interpretation, higher global efficiency has been suggested to 

reflect slightly more random and over-active functional brain networks in other 

neuropsychiatric diseases such as schizophrenia and Alzheimer’s disease (Alexander-Bloch et 

al., 2010; Bassett and Bullmore, 2009; Lynall et al., 2010; Sanz-Arigita et al., 2010). On the other 

hand, and consistent with the correlation between habenula global efficiency and the severity of 

aggression, our findings may also suggest that higher levels of habenula global efficiency might 

represent a compensatory mechanism that can be deployed to decrease the severity of 

aggression in this population. 

4.2 Altered habenula-prefrontal rsFC in reactive aggressive men 

This idea is supported by the habenula-vlPFC rsFC findings in the reactive aggressive group, 

with lower aggression severity linked to positive habenula-vlPFC rsFC. Given limbic-prefrontal 

pathways in animal models (Boulos et al., 2017; Matsumoto and Hikosaka, 2007) and human 

tractography studies showing anatomical connectivity between the habenula and prefrontal 

regions (Shelton et al., 2012), the habenula-vlPFC connectivity pattern is plausible. The bilateral 

vlPFC has further been implicated in the control of responses towards unexpected behaviorally-
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salient stimuli such as in motor inhibition tasks (Corbetta and Shulman, 2002; Duann et al., 

2009; Sharp et al., 2010; Swick et al., 2011). Importantly, activation and connectivity of the vlPFC 

(with the amygdala) has been linked to anger in resting-state and task-based fMRI studies, 

suggesting a role in enhanced attention allocation to unpleasant emotional stimuli (Alia-Klein et 

al., 2018), anger regulation (Morawetz et al., 2016), and anger rumination (Gilam et al., 2017). 

We therefore speculate that in the more severely reactive aggressive men, a deficient 

communication between the left habenula and the left vlPFC could contribute to a diminished 

capacity to exert inhibitory control over aggressive responses. In contrast, enhanced (or more 

positive) habenula-vlPFC rsFC in the less severely reactive aggressive men could represent a 

protective mechanism, as indeed suggested by the negative correlation with trait aggression in 

the reactive aggressive group. Note that the lack of effects in controls might be explained by the 

overall low range in BPQ aggression scores, which would also not require a high amount of 

self-control. Together with findings from animal models suggesting an involvement of basal-

forebrain-habenula projections specifically for the severity of aggressive behavior (Golden et al., 

2016), our findings stress the role of the habenula, and its connections to the vlPFC, in the 

severity of aggression in human reactive aggressive men. 

In the current rsFC study, we did not observe associations with the ventro-medial PFC, a brain 

area shown to play a role in anger and aggression across fMRI, rsFC, and structural 

investigations (Alia-Klein et al., 2014; Beyer et al., 2015; Coccaro et al., 2016; Coccaro et al., 2007; 

Gilam et al., 2015; Jacob et al., 2018). Ventro-medial PFC involvement in anger and aggression 

has been suggested to be related to modulating negative affect (e.g., Davidson et al., 2000). A 

lack of the ventro-medial PFC involvement in our study might be attributed to the absence of a 
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provocation that might have triggered the need to ruminate or regulate negative affect. Further, 

the involvement of the habenula in aggressive behavior is a relatively recently developed 

concept in the literature, potentially specifically linked to the severity of aggression (see also, 

Golden et al., 2016). Hence, previous anger and aggression studies did not specifically assess 

this small epithalamic region that can be easily overlooked in whole-brain analyses.  

Although only a trend in the current study, lower clustering in DMN nodes in reactive 

aggressive men is consistent with resting-state studies linking compromised DMN functioning 

to a propensity for anger and aggression in non-clinical populations (Alia-Klein et al., 2014; 

Clemens et al., 2015; Shannon et al., 2011). Thus, with the DMN’s role in self-referential 

processing and self-awareness during mind wandering (Alia-Klein et al., 2014; Fox et al., 2005; 

Gusnard et al., 2001), lower clustering predominantly in the DMN in reactive aggressive 

compared to low aggressive men could indicate compromised self-referential processing at rest. 

4.3 Limitations 

The limited spatial resolution of our rsfMRI and structural data prevented us from employing a 

state-of-the-art semi-automatic approach to locate the small habenula nuclei (Ely et al., 2016; 

Kim et al., 2016). We were therefore unable to specifically focus on the lateral habenula as a hub 

for motivated aggressive behavior (Golden et al., 2016), or to compare the lateral with the 

medial habenula, which has been implicated in social conflict in zebrafish (Chou et al., 2016). 

Moreover, our findings should be interpreted with caution due to the small sample of reactive 

and low aggressive men, particularly in generalizing our findings to a broader IED population 

of men and women. Due to the small sample size, we did not further investigate a trend of more 

current tobacco use in the reactive aggressive group, and more occasional alcohol use in the 
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controls. Efforts with larger sample sizes including men and women will be important in 

replicating the role of the habenula in reactive aggression, in addition to considering 

associations with varying patterns of tobacco, alcohol, and cannabis use problems, as well as 

depressive symptomatology, frequent comorbidities in IED (Kessler et al., 2006). High-

resolution studies with a 7-T MRI scanner, or higher resolution imaging are also needed to 

better characterize the function of the lateral and medial habenula in human reactive 

aggression.   

4.4 Conclusion 

Despite the pilot nature of our study, our graph theory findings of higher global efficiency in 

the left habenula, the left pulvinar, the left dlPFC, and the right temporal pole in reactive 

aggressive men compared to low aggressive men suggest a more efficient information transfer 

in reactive aggressive men between subcortical-prefrontal networks that are important for 

attention allocation, motivated aggressive behavior, and the execution and control of behavioral 

responses. These alterations at rest may underlie a more efficient transfer of information 

regarding provoking events, culminating in a readiness to aggress at the slightest of 

provocations. Combined with reduced self-control, this readiness could translate to actual 

aggression at a trait level. The association between higher trait aggression with negative 

habenula-vlPFC rsFC in the severely reactive aggressive men provide first evidence for an 

inhibitory control role of the habenula in stable patterns of reactive aggression, in line with 

findings from preclinical studies. Alternatively, and irrespective of the interpretation of the 

direction of this association, positive habenula-vlPFC rsFC in the less severely reactive 

aggressive individuals could also point to a compensatory process that contributes to the ability 
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to experience less trait aggression. Overall, a better understanding of habenula-vlPFC 

functioning and connectivity in human reactive aggression is crucial for exploring new 

therapeutic targets for the treatment of severe reactive aggression. 
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Figure legends 

Figure 1: Whole-brain graph theory analyses. A: Reactive aggressive individuals showed higher 

global efficiency in the left habenula (Hb), the left thalamus (thal), the left dorso-lateral 

prefrontal cortex (dlPFC, Brodmann area [BA] 9), the right temporal pole (temp. pole, BA 38), 

and the superior temporal gyrus (STG, BA 22) relative to the control group. B: Reactive 

aggressive individuals showed lower clustering coefficient in the left precuneus (BA 7), the left 

dorso-medial prefrontal cortex (dmPFC, BA 10), and left occipital regions relative to the control 

group. Areas surviving significance at an FDR-corrected threshold are highlighted in boldface 

and in bar plots on the right. Error bars indicate +/- 2 standard errors. Network-level (summary 

measure averaged across all nodes): * p<.05; whole-brain node-level: ** p<.05 (FDR-corrected), # 

p<.001 uncorrected. Abbreviations: L = left , R= right. 

Figure 2: Correlation analyses between trait aggression (BPQ total score) and global efficiency in 

the left habenula (Hb) (A-B), and whole-brain seed-to-voxel regression analysis with the left 

habenula as a seed (C-E). A: Left habenula (Hb) node; for the correlation analyses, global 

efficiency values have been extracted from this node showing significant group differences in 

the main graph theory analysis (Figure 1). B: Correlation between trait aggression and global 

efficiency in the left habenula in the reactive aggressive group (full and subclinical IED), and the 

controls. Correlation coefficients between the reactive aggressive and control group were 

significantly different. C: In the reactive aggressive group, higher levels of trait aggression (BPQ 

aggression) were linked to more negative rsFC between the left habenula and a left-lateralized 

cluster encompassing the ventro-lateral prefrontal cortex (vlPFC), and the temporal pole 

compared to less reactive aggressive individuals. D: Scatter plot depicting the association 
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between Hb-vlPFC rsFC and trait aggression in the reactive aggressive group based on the 

whole-brain regression analysis is presented for demonstration purposes only. Seed-to-voxel 

results were significant at a corrected cluster-threshold of p<.05 (FDR) at a primary voxel-wise 

threshold of p<.001 uncorrected. Abbreviations: BPQ = Buss-Perry aggression questionnaire, L = 

left, R= right.  

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 1. Comparison between the reactive aggressive group and controls on demographics, depressive 

symptoms, substance use, aggression, anger, and hostility.  

            

Participants (all male) RA (7 full IED, 4 
sub-clinical IED) 

Controls  
(n=12) 

Test statistic  p-value 

Age (years) 35.36 ± 7.4 30.7 ± 5.2 t(21) = -1.78 p=.09 

Race (Black/Hispanic/Caucasian) 6/4/1 6/4/2 Pearson χ2=.290 p=.865 

Education (years) 13.5 ± 1.7 13.9 ± 1.4 t(21) = .66 p=.514 

Depressive Symptoms (BDI-II)*** 8.3 ± 5.0 1.8 ± 2.0 t(21) = -4.81 p<.001 

Substance use    

Cigarette use 
(none/current/past/occasional)§ 5/4/1/0 10/1/0/0 Pearson χ2=4.43 p=.109 

Alcohol use 
(none/current/past/occasional)§ 3/6/0/1 1/4/0/6 Pearson χ2=4.94 p=.085 

- # of alcohol use days (past 30 
days)° 

4.6 ± 5.3 4.7 ± 4.4 t(20) = .088 p=.931 

- Years of alcohol use (lifetime)° 10.7 ± 8.0 8.7 ± 5.9 t(20) = -.669 p=.511 

Cannabis use 
(none/current/past/occasional)§ 5/1/1/2 7/0/3/1 Pearson χ2=2.50 p=.477 

- # of cannabis use days (past 30 
days)$ 

none none  - - 

- Years of cannabis use (lifetime) 2.4 ± 4.2 0.8 ± 2.1 t(21) = -.669 p=.511 

            

BPQ total*** 150.7 ± 18.0 53.8 ± 13.9 t(21) = -14.57 p<.001 

  Physical aggression***  49.8 ± 4.5 20.1 ± 6.1 t(21) = -13.19 p<.001 

  
Verbal aggression*** 28.0 ± 4.0 10.6 ± 3.9 t(21) = -10.48 p<.001 

  Anger*** 35.2 ± 4.0 10.1 ± 3.8 t(21) = -15.69 p<.001 

  
Hostility*** 37.7 ± 11.5 13.1 ± 6.4 t(21) = -6.43 p<.001 

*** = p<.001 (p-value Bonferroni corrected for 15 multiple comparisons, p<.0033); §, missing data for 

alcohol, cigarette use (n=1 RA, n=1control), and for cannabis use (n=2 RA, n=1 control); °, missing data n=1 

control; $, cannot be computed because standard deviations of both groups are zero. Abbreviations: BDI-II 

= Beck depression inventory, BPQ = Buss-Perry aggression questionnaire, IED = intermittent explosive 

disorder, RA = reactive aggressive.  
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Table 2: Group differences between reactive aggressive individuals and controls in resting-state 

functional connectivity at the network-level (summary measures averaged across all nodes) and across the 

whole brain at the node-level as measured by graph theory.  

 
 MNI 

coordinates    

Brain areas 
BA 

x y z 
Test -
statistic 

p (un-
corrected)  

p (FDR-
corrected)  

            
Global efficiency: reactive aggressive > controls         

            

Network-level     t(21) = 2.56 0.009   
 
Whole-brain node-level 
L thalamus – pulvinar  -14 -27 4 t(21) = 4.33 0.0001 0.033 
L dlPFC 9 -30 28 44 t(21) = 4.31 0.0002 0.033 
R temporal pole 38 52 8 -13 t(21) = 4.31 0.0002 0.033 
L habenula  -3 -24 2 t(21) = 4.13 0.0002 0.038 
R superior temporal gyrus 22 50 -1 -10 t(21) = 3.55 0.0009 0.122 

            
Clustering coefficient: reactive aggressive < contr ols        
            

Network-level     t(21) = -2.28 0.016   

        

Whole-brain node-level        

L superior occipital gyrus 19 -24 -82 36 t(21) = -4.10 0.0003 0.109 
L precuneus 7 -8 -71 48 t(21) = -3.83 0.0005 0.109 

L calcarine  18 -18 -97 -1 t(21) = -3.81 0.0005 0.109 

L dmPFC 10 -10 66 7 t(21) = -3.57 0.0009 0.132 

Significance surviving Bonferroni-correction at the network-level and FDR-correction for multiple 

comparisons across the whole brain is indicated in bold font. Abbreviations: BA=Brodmann Area; 

dlPFC=dorso-lateral prefrontal cortex; dmPFC=dorso-medial prefrontal cortex, L = left, R = right. 
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Table 3: Correlation between trait aggression (BPQ total score) and global efficiency in the left habenula, 

the left thalamus, the left dorso-lateral prefrontal cortex, and the right temporal pole separately for the 

reactive aggressive group and control group.  

    Global efficiency     

  L habenula L thalamus L dlPFC R temporal pole 

Reactive aggressive (n=11) 
BPQ trait aggression 
(total score) 

Spearman's r -0.735* -0.384 -0.039 -0.329 
p-value 0.01 0.244 0.909 0.324 

Controls (n=12) 
BPQ trait aggression 
(total score) 

Spearman's r 0.217 0.337 -0.294 -0.168 
p-value 0.498 0.284 0.353 0.601 

Significant correlations are shown in bold face (p<.0125; Bonferroni-corrected for n=4 tests in the reactive 

aggressive group). *, indicates significant differences between correlation coefficients of the reactive 

aggressive and the control group based on Fisher’s r-to-z transformation. Abbreviations: dlPFC=dorso-

lateral prefrontal cortex, BPQ = Buss-perry aggression questionnaire, L = left, R = right. 
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Table 4: Post-hoc whole-brain seed-to-voxel regression analysis between trait aggression and the left 

habenula (i.e., seed) resting-state functional connectivity.  

Significance surviving FDR-correction for multiple comparisons at the cluster-level is indicated in bold 

face. Abbreviations: vlPFC = ventrolateral prefrontal cortex, L=left, temp. pole = temporal pole 

 

                  

      MNI 
coordinates k-

cluster 
size 

Test-
statistic 

cluster, 
p(FDR-
corrected) 

voxel-wise 
p(uncor-
rected) Brain areas BA x Y z 

                    

Negative correlation with the left habenula rsFC in  RA individuals  

                    
L vlPFC 47 -46 18 -2 411 t(21) = 9.47 0.001 <.0001 
  L vlPFC 47 -34 26 -10   t(21) = 7.27   <.0001 
  L temp. pole 38 -50 16 -14   t(21) = 6.44   <.0001 
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Highlights 

• Higher global efficiency in subcortical-cortical nodes in reactive aggressive men. 

• Aggression severity was linked to habenula global efficiency. 

• Severely reactive aggressive men showed lower habenula-vlPFC rsFC.   

• Findings suggest an involvement of the habenula in aggression severity. 


