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Violence vs Aggression

* Aggression

* Direct (physical or verbal)
* behaviour that is intended to cause physical or psychological harm to another person

* Indirect (relational or social)

e a type of behavior in which the perpetrator attempts to inflict pain in such a manner
that he or she [often] makes it seem as though there has been no intention to hurt at
all (e.g. excluding others from the group, spreading nasty rumors about others,
breaking confidences, getting others to dislike a person)

* Violence

* the intentional use of physical force or power, threatened or actual, against
oneself, another person, or against a group or community, that either
results in or has a high likelihood of resulting in injury, death, psychological
harm, maldevelopment or deprivation

World Health Organization, 1996



Aggression types

Impulsive

Characterized by high
levels of autonomic arousal
Precipitated by
provocation

Associated with negative
emotions, such as anger or
fear

Usually represents respons
to perceived stress

Also called reactive,
affective, or hostile
aggression
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Organized

Planned behavior not
typically associated with
frustration or response to
immediate threat

Might not be accompanied
by autonomic arousal
Planned with clear goals in

mind

Also called predatory,
instrumental, proactive, or
premeditated aggression
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e Associated with positive
symptoms of psychosis
- typically command
hallucinations and/or
delusions

* Most severe

Violent behavior is highly heterogeneous

Stahl SM. CNS Spectr. 2014




Violence in mental disorders

e Setting: “ i

* Inpatients affected by severe g -
mental illness (17-50%), and '
lower rates among g ™
outpatients (2-13%) in 8 .
Norway g =

* |npatients affected by mental i L
illness (32%), and lower rates .
among outpatients (8%) in Disorder  Specttumor  Abuseor  Disorder and
Italy Drtorderonly Tonty . Abuse

Lifetime Prevalence of Violent Behavior among Persons with or without Major
Psychiatric Disorders and Substance Abuse.

The risk of violence in mental disorders contributes little to the overall violence in the
general population

Richard A Friedman. N Engl J Med. 2006 Nov 16;355(20):2064-6. doi: 10.1056/NEJMp068229
Osea SS, Lilleengb S, Pettersen |, Ruudd T, van Weeghelf J. Risk of violence among patients in psychiatric treatment: results from a national census. Nord J Psychiatry. 2017;71:551-60



Violence in mental disorders

%

Author Year ES (95% Cl) Weight Author Year ES (95% Cl) Weight

S A— . SN .

1 Depression | : Depression | !

McManus 2009 —— 5.45 (3.04, 9.78) 2.54 McManus 2009 —— 2.65(1.79, 3.92) 4.24
Gass 2011 —— 2.30 (1.23, 4.30) 222 Gass 2011 —— ! 1.33 (0.90, 1.97) 422
Kessler 1994 —— 1.69 (0.87, 3.27) 1.99 Kessler 1994 —— 2.47 (160, 3.82) 3.39
Kessler 2005 —_— 5.28 (2.37, 11.77) 1.35 Kessler 2005 B a— 4.51(2.00,10.15)  0.98
Grant 2005 - 2.75(2.34,3.23) 33.93 Grant 2005 —— 2.64 (2.21,3.15) 20.54
Subtotal (I-squared = 60.2%, p = 0.040) <.> 2.83(2.45,3.27) 42.04 Subtotal (l-squared = 67.7%, p = 0.015) < 2.44(2.13,2.81) 33.37

o - 1 1 o - 1 ]

1 Anxiety disorder; 1 1 Anxiety disorderi !

“McManus™ ~ 2009 —_—— 4.49 (2.69,7.49) 3.32 McManus 2009 —— 3.30 (2.35, 4.62) 5.67
Gass 2011 — ! 9.62 (0.36,1.75) 149 Gass 2011 —— 1.81 (1.29, 2.54) 5.60
Kosslor: 1904 . 9.09(1,02,8.89) 9.78 Kessler 1994 —— 1.81 (0.96, 3.40) 1.63
Kessler 2005 | ———— 9.10(3.49, 23.74) 0.95 Kokislas 2005 — 2.93 (1.10, 7.80) 0.67
Grant 2005 —_— 297(1.29,6.82) 1.26 Subtotal (l-squared = 57.1%, p = 0.072 <> 2.38 (1.92, 2.96 13.58
Subtotal (I-squared = 78.4%, p = 0.001) = 3.18 (2.28, 4.44) 7.77 Srom e =Rie , ) :

T ot T Biwes i) | Panic Disorder _____ _ : :
el it il ot 1 — 01(2.17, 7. y
Mgt ToO4 | 1.86 (0,84, 4.14) - McManus ~ 2009 _ 4.01(2.17,7.42) 1.71
Kessler 2005 M. 5.01 (1.15, 21.74) 0.40 Kesslor 1994 & 1.45 (0,67, 3.12) 110
s —_— .01 (1.34, 6. '
Taft 2009 | 1.09 (040, 2.95) 0.88 Kessler 2005 ; 3.01 (1.34, 6.76) 0.99
Subtotal (I-squared = 20.8%, p = 0.241) _— 1.81(1.02, 3.22) 264 St s g s e )
| Subtotal (l-squared = 70.5%, p = 0.017) <> 1.88 (1.43, 2.46) 8.87
-------- 1
I Panic Disorder | 1 ——————— :
McManus ~ 2009 ———— 2.52 (0.86, 7.40) 0.75 1 Social Phobia I
Kessler 1994 - 0.98 (0.27, 3.60) 0.51 “McManus ~ 2009 : —_—— 5.22 (2.96, 9.19) 2.02
Kessler 2005 —— e 7.23(2.13, 24.52) 0.58 Kessler 1994 — e 1.98 (1.24, 3.16) 2.95
Grant 2005 —— 2.38 (1.55, 3.66) 4.71 Kessler 2005 —p——  8.60 (4.90, 15.09) 2.05
Subtotal (I-squared = 39.3%, p = 0.176) b 2.47 (1.71, 3.55) 6.56 Grant 2004 == 2.08 (1.81, 2.39) 33.50

________ : Subtotal (l-squared = 90.5%, p = 0.000) O 2.33(2.05,2.65) 40.51

! Social Phobia _ _ T e i
McManus 2009 : —p—> 0.3 (3.56, 24.78) 0.92 | Dysthymia ! !

Kessler 1994 —— 1.40 (0.79, 2.49) 263 —Kessler — — 1994 —e 3.11(1.03, 8.38) 0.53
Kessler 2005 ———  10.76(5.82,19.89)  2.30 Kessler 2005 422(127,14.04) 045
Grant 2004 - 2,60 (2.22, 3.04) 35.15 Grant 2005 —— 1.36 (0.83,2.22) 2.69
Subtotal (I-squared = 90.3%, p = 0.000) O 2.79 (2.41,3.22) 41.00 Subtotal (l-squared = 51.4%, p = 0.128) L 1.76 (1.16, 2.68) 3.67
e 1
1
o 1
Heterogeneity between groups: p = 0.519 ! Heterogeneity between groups: p = 0.328 1
Overall (I-squared = 71.6%, p = 0.000) o 2.78 (2.53, 3.05) 100.00 Overall (|-squared = 72.8%, p = 0.000) ¢ 2.31(2.13, 2.50) 100.00
! :
04|o4 1 248 J :
: : 0663 1 15.1

The risk of violence in mental disorders contributes little to the overall violence in the
general population




General Aggression Model (GAM)

External stimulus Internal state Motor output
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Lischinsky & Lin, Nature Rev Neurosci 2020

Aggression at a given moment can be influenced by situational, individual, and biological
factors across various species




Brain regions |mpllcated N human aggression

aggression group > control group or aggression group < control group
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Wang et al., Neuroimage 2024

{ Aggression is associated with brain changes in large scale brain networks }




Brain regions implicated in human aggression

Group difference N Angry processing Group difference N Theory of mind

amygdala

y =-4 mm z=-14 mm

Group difference N Angry induction

Wang et al., Neuroimage 2024

Brain areas implicated in aggression overlap with those associated with negative
emotion, theory of mind and cognitive control




Brain lesion studies in aggression
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Peng et al., Biol Psy 2024

Large scale networks connected with right prefrontal cortex are lesioned in human
aggression




Brain mechanisms associated with violence

delusions
hallucinations
drug rewards
motivation

lack of top-down
inhibition of impulses
and cruel and

insensitive thoughts

Response to
friustrustration

no fear conditioning
excessive fear conditioning

autonomic drives

reexperiencing

provocation

A:amygdala

H: hippocampus

Hy: hypothalamus

NA: nucleus accumbens
PFC: prefrontal cortex
S: striatum

T: thalamus

Bottom-up
drive from
limbicareas

Top-down
brake from
cortical areas

A

Top-down
brake from
cortical areas

ot

Bottom-up
drive from
limbic areas

Top-down
brake from
corticalareas

Bottom-up
drive from
limbicareas

Distinct brain circuits can underlie violence types




Violence:
phenomenology and brain circuits

= Cultural/social factors Sensory distortions
Top-down “brakes”: ASH perceptcon of (drugs, alcohol, metabolic
suppression/regulation ) <A aggressor) dlsturbances)
(orbital frontal cortex, . /4
anterior cingulate gyrus) . /ﬁj /ﬁ
Early information Sensory Stlmulus/challenge
processing/cognitive ~€—— ”
appraisal processing (provocative)
AN /
Bottom-up “drive”: \Q P T
signal, trigger N | Fat
(amygdala, insula) ’;8:' i" ?l Cognitive impairment Sensory deficits
’ N 3 T (e.g., paranoid ideation, (h.earlng
1 conspiracy theories) Developmental vision loss)
stress/trauma

(negative schema)

Siever et al., AmJPsy 2008

Several factors can contribute to violence, nonetheless a common circuit for

violence exists




Sex-related structural differences in the brain
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Regional differences in gray matter volume

Ruigrok et al., Neuroimage 2014

{

Men show larger overall brain volumes, while regional differences between sexes are }

minimal.




Sex-related functional differences in the brain

Emotional Processing

18 studies Men>Women N=656 Women> Men Sacher et al., MRI 2013
N=484

Men show greater activation in limbic regions and reduced activation in the default
mode and cognitive control networks




Sex-related connectivity differences in the brain
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Bl Male<Female (FWE, p<0.05, permutation) Male<Female (FWE, p<0.05, TFCE)

Women> Men

. N=949, 8-22 ys
N=74  Women> Men Shiino et al., Trans Psy 2017 Ingalhalikar et al., PNAS 2014

Men exhibit stronger intra-hemispheric, while women demonstrate greater inter-
hemispheric structural connectivity.




LETTER

doi:10.1038/nature19758

The phylogenetic roots of human lethal violence

José Maria Gémez!?, Miguel Verdii®, Adela Gonzalez-Megias* & Marcos Méndez®
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Is violence in our genes?



Brain Signalir

g. Dopamine

 Dopamine Metabolism:

Healthy young

Tyrosine & DA

TH
L-DOPA Synaptic vesicle

lAADC

DéA Q& Dopamine transpoter ) CO MT

o \Z
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MAT2 )
[
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Gender (>Males) White et al., 2014)

* Receptors

DRD2 - aggression in childhood ( Zai et al,
2012)

DRD4 and ADHD in males (Qiang et al., 2004)
DRD4 and in males Anger (Kang et al., 2008)

DRD4 Long (7R) greater delinquency, short
temper and thrill seeking ion males (Dmitrieva
et al., 2011)

{ Dopamine signaling, mostly D4, can contribute to aggression ]



Brain Signaling: Serotonin

-
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Berman et al., Psy Science2009

{ Reduced serotonin signaling is associated with aggression ]



Serotonin signaling and brain networks
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Genetic variation in the serotonin transporter gene can underlie aggressive
behavior
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Brain Signaling: GENETICS
famrie

Brunner Syndrome ( iﬂ ¥
- Borderline mental retardation and aggressive ###¥i ik

behavior FERNS5
- Mutations in Xpl 1.23-11.4 (MAO-A gene) ﬁ]; L

I—i— |E+b—i—i a—li—-ci)—
Serotonine Norepinephrine I [ I L
* Expression
e LOW - MAO-L MAO-A Figure | Pedigree of family with borderline mental retarda-
tion with prominent behavioral disturbance. Only individuals known
to be at genetic risk are shown. Blackened squares denote affected
MAO-A e HIGH - MAO-H MAO-A MAO-A MAO-A males. Clinically evaluated individuals are indicated by a horizontal

line above the symbol.

Brunner et al., AJMG 1993
Sabol et al., Hum Gen 1998

{ Genetic variations in MAO-A are associated with aggressive behavior ]



Percentage volume relative to MAOA-H
meant1 SEM

Brain Signaling: GENETICS
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Genetic variations in MAO-A are associated with structural and functional
changes in the neural network underlying aggression and altered behavior



B VASOPRESSIN

Endocrine signaling

FLACEBO

* VVasopressin

e Testosterone . Zink et al., JoN2010

0.3 -
Y10 B) M Baseline Testosterone
42 Change in Testosterone
04 B Testosterone M Placebo
~ 04 - 0.2 Exogenous Testosterone
I 03 B Testosterone 3
8 o5 M Placebo E 0.2 -
gL i % 01
;f % 0.1 % 0 - é
? a 9 2-0'2 ‘g 0.0 I
g U Men Women
S 06 Anger Fear  Surprise 01
30 studies
: 024 n=2334
Goetz et al., Biol Psychiatry 2014 Geniole et al., Horm Beh 2020

Vasopressin and Testosterone may play a limited role on brain circuits
associated with aggressive behavior




Does the environment matter?
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[] No maltreatment  [] Probable maltreatment M Severe maltreatment

Maltreatment can modulate the effects of genetic variation in MAO-A gene



5.5
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Aggression
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Predicated Value of Early Adulthood
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Does the environment matter?

DRD4, 5-HTTLPR, and MAOA

—25D

-18D

Mean=0
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1SD

25D 38D
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=.91
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GxE
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"Why can't you take
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Adopting the
Street code
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Without mediator .336 ( p =.006)
. With mediator .286 ( p =.020)

Aggression
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Simons et al., YV&JJ2012

Hostile environment can modulate the effects of the genetic variations at risk
for aggressive behavior




Gene x environment x sex

Table 2 GxE interactions in relation to childhood antisocial behavior in males and females

Contrast Males Females

N IRR (95% CI) P N IRR (95% CI) P
Smoking during pregnancy 2547  1.43(122-1.68) <0.0001* 2394 1.78(1.51-2.09) <0.0001%
Maltreatment 1431 197 (1.65-235) <0.0001* 1298 1.99(1.66-2.40) <0.0001*
MAOA-L (males)/HL (females) 2235 1.01(0D.87-1.1T) 0.91 2090 1.03 (0D.81-1.31) 0.80
MAOA-HH (females) 1.08 (D.85-1.37) 0.54
rsd 714329 GG 2547 095 (0.79-1.15) 0.63
rs9471290 AA 2547 1.16(0.96-1.41) 0.13
rs2 764450 TC 2383 1.07 (D.B6-1.33) 0.56
rs11215217 TC 2370 097 (D.B0-1.18) 0.76
MAOA-L (males)/HL (females) x smoking during pregnancy 2235 1.00 (0.70-1.43) 0.99 2089 1.15(0.63-2.10) 064
MAOA-HH (females) x smoking during pregnancy 1.23 {D.68-2.25) 0.49
MAOA-L (males)/HL (females) » maltreatment 1266  1.35 (0D.90-2.03) 0.15 1135 327(1.74-6.14) 0.0002%
MAOA-HH (females) x maltreatment 200(1.11-393) 0.0227
rs4714329 GG x smoking during pregnancy 2547 1.95(1.29-2.94) 0.0015%
rsd 714329 GG x maltreatment 1431 0.76 (047-1.25) 0.28
rs9471290 AA x smoking during pregnancy 2547 218 (1.47-3.24) 0.0001*
rs9471290 AA ¥ maltreatment 1431  1.28 (0D.71-2.31) 0.42
rs2764450 TC = smoking during pregnancy 2382 1.22(0.75-197) 043
rs2764450 TC x maltreatment 1291  1.61(D.89-2.91) 0.11
rs11215217 TC xsmoking during pregnancy 2369 069 (0.40-1.19) 0.18
rs1 1215217 TC % maltreatment 1285 047 (0.29-0.75) 0.0018*

All analyses were adjusted for socloeconomic status, single-parent status, and the first ten genetic principal components, including covariate

interaction terms for the G % E models Ruisch et al o EAPCN 2019

Genetic variations and environmental factors may show different effects on
antisocial behavior in men and women



Conclusions 2 Genes
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Conclusions

Violence is a behavior influenced by a complex interplay of multiple factors.
Psychiatric disorders contribute only marginally to the overall occurrence of violence.

Neuroscience has identified specific brain circuits involved in aggressive behavior and
highlighted the influence of genetics on these circuits.

A combination of genetic, epigenetic, sex-related, hormonal, and environmental
factors significantly contributes to the manifestation of violence.

Environmental factors, such as early experiences, trauma, and socioeconomic
conditions, are critical in shaping violent behavior

Current research is limited by insufficient statistical power to examine sex-specific
effects, reliance on non-ecological reductionist models, and experimental designs
that hinder the generalizability of findings.






Neuroimaging techniques ,
functional MRI

Structural MRI / \
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aggression group > control group
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Cognitive control network: Prefrontal cortex
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Altered function in frontal cortex contribute to aggression/impulsivity



Cognitive control network:
Prefrontal cortex - subregions

* Ventromedial prefrontal cortex

 triggering the affective/emotional signals of long-term
outcomes

 facial emotion recognition

* risk evaluation, moral judgments, probabilistic
reinforcement learning based on negative feedback

* inhibitory control over aggressive impulse

* Dorsolateral and dorsomedial prefrontal
cortex
e controlling responses to environmental stimuli
* risk/benefit evaluation

* problem solving and cognitive control and self-control
* reward processing

S dmPFC

Cupaioli et al., PNPPBP 2021

( Prefrontal cortex subregions can play distinct roles in violence }



Limbic system:
Cingulate, Amygdala and Hippocampus

B No Violence Post-Scan

1.2 - B Violence Post-Scan
0.8 - p =.006 p =.047

0.4 A

0.4 -

Estimated Volume (SD Units)
o

-0.8 +
1.2 - Left Right
m——) Amygdala input Amygdala
Amygdala ouput
Rosell and Siever, CNS Spectrum 2015 Pardini et al., BioPsy2014

( Amygdalar and hippocampal atrophy are associated with violent behavior }



Brain responses in violent individuals

Subjects Tasks

* script-driven-imagery tasks

* a personal-space intrusion task

* an anger-eliciting task

* charged with, convicted, or incarcerated « viewing emotional images and
for aggressive behavior

* Major disorder or personality disorders
with violent behavior

videos
* High aggression score

N=9 studies
230 PTS
235 HCs

HC> VIO
VIO>HC

Nikolic et al., Maja Nikolic PNPBP 2022



Brain Sighaling: serotonin receptors

 5HT Receptors:
« BHT1A

* Negative relationship w/aggression depending on Personality Disorder
diagnosis

* BHT2A

* Postmortem: binding was positively correlated with lifetime history of
aggression (Ogquendo et al, 2000)

* PET
* OFC levels w/Aggression in Intermittent Explosive DIsorder

 trait aggression in patients with Borderline Personality (Soloff
etal., 2014)

* impulsivity in a highly assaultive \oopulation with Antisocial
Personality Disorder (Ryland et al., 2012)

« ?5HT1B and bHT3
* Mouse and hamster models

( 5HT1A and 5HT2A modulation is associated with aggression



] DNA ANALYSIS

ES Today’s sections ~ | Pastsixdays | Explore v~ | Times Radio

The Get Out of Jail Free gene

The sentence of one Killer in Italy has been reduced as he possesses a ‘violent gene'.

Can DNA be used as a defence?

'de"lif " .
N 0@11% -
Table 1
Legal proceedings with evidence of MAOA-L genotype from 1995 to March 1, 2016.
Case (year) court MAOA-L Reason for test Court proceedings Outcome
Mobley (1995) 1S N/A Murder S No sentencing reduction: death penalty
Bayout (2009) Italy + Murder A Appeal upheld; 9 years reduced to 8 years
wWdlaroup (ZuIt) u.o. S wviaraer G CNdrge l’E(lLlL[iOl], HIS=aegree murdaer reauced to vo un[ary manslaughter
Attempted murder
Albertani (2011) Italy + Murder A Appeal upheld; life reduced to 20 years
Attempted murder (2)
Bourassa (2012) U.S. + Murder S Sentenced to life; spared death penalty
Adams (2014) U.S. + Murder (3) S No sentencing reduction; death penalty
Attempted murder
Duran (2014) U.S. N/A Attempted murder A Appeal dismissed; 15 years
Driskill (2015) U.S. + Murder (2) S No sentencing reduction; death penalty
Colbert (2015) U.S. + Murder S/A No sentencing reduction; life sentence
Yepez (2015) US. + Murder G Evidence inadmissible; second-degree murder
Bathgate (2016) U.S. N/A Murder A Habeus corpus dismissed; evidence procedurally defaulted

Note. + = MAOA-L genotype carrier; A = appellate phase; G = guilt phase; N/A = no test undertaken; S = sentencing phase.

McSwiggan et al. 2017

Genetic variations in MAO-A have been used in murder case trials for
sentence reduction



Brain Signaling: GIutamate/GABA and
ACH

* Acetylcholine a
* Nicotine -> reduces aggression ‘1'

Lateral

* Polymorphims nAChRs CHRNA7 septum
¢ Control Nicotine
* Heterogenous results }
VMHv| == 1 Aggression | Aggression <— VMHvI
&P a7 nAChR  — Excitatory synapse |
[ GABA/G I uta m ate <+ Nicotine ~——4 Inhibitory synapse

* GABA-A R modulators may enhance aggression
* Glu enhancement increases aggression
* imbalance in the GABA/Glu

Lewis et al., Neuropharmacology20

{ Other neurotransmitter system may contribute to aggressive behavior ]
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