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• Androgeni sembrano aumentare aggressività
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Violenza e aggressività
• Androgeni sembrano aumentare aggressività

• Nell’uomo studi non chiari:apparente correlazione positiva tra testosterone e aggressività potrebbe 
essere mediata da dominanza (scacchisti hanno alto livello di testosterone) oppure da esperienza  
(testosterone alto DOPO aggressività)

• Somministrazioni di Testosterone sembrano avere effetti solo in individui che presentano personalità 
con tratti aggressivi

significant unique predictor of aggressive behavior (R2 5
3.7%, F1,108 5 4.67, p 5 .03). Moreover, the trait self-control
by drug condition interaction also emerged as a significant
unique predictor of aggressive behavior (R2 5 3.3%, F1,108 5
4.23, p 5 .04). Simple slopes analyses indicated that T
increased aggressive behavior for men scoring high (1 SD
above the mean) on trait dominance and low (1 SD below the
mean) on trait self-control (t108 5 3.52, p 5 .0006). There were
no effects of T on aggressive behavior for men scoring high on
trait dominance and high on trait self-control (t108 5 0.71,
p 5 .48), men scoring low on trait dominance and high on trait
self-control (t108 5 –1.82, p 5 .07), or men scoring low on trait
dominance and low on trait self-control (t108 5 0.71, p 5 .48).
See the Supplement for additional exploratory analyses.

DISCUSSION

Our results indicate that exogenous administration of T on its
own does not potentiate aggressive behavior. Instead, T’s effects
on aggressive behavior depend on variability in trait dominance
and trait self-control. Specifically, T increased aggressive behav-
ior, but only among dominant men or men scoring low in trait

self-control. For men scoring low in trait dominance or high in
trait self-control, there was no effect of T on aggressive behavior.
These findings are the first to demonstrate that exogenous T on
its own does not promote aggressive behavior in men, and they
highlight the critical role that individual difference factors play in
mitigating the effect of T on aggression.

Although the relationship between T and aggression has been
well established in animal models (46), there is only weak
evidence for a link between individual differences in baseline
T concentrations and human aggression (2). However, a growing
body of work indicates that acute changes in T concentrations
within the context of social provocation or competition are
positively correlated with aggressive and antagonistic behavior
in men (13–16). Our results build on correlational and exper-
imental work suggesting that individual differences in trait
dominance influence the extent to which T modulates human
dominance behavior. Specifically, T has a strong potentiating
effect on aggressive behavior, but only among dominant men.
Notably, we also found that individual differences in trait self-
control moderated the effects of T on aggressive behavior. Here,
T rapidly increased aggressive behavior, but only for men scoring
relatively low in trait self-control.

What are the neural mechanisms through which T poten-
tiates aggressive behavior in men scoring high in trait domi-
nance or low in trait self-control? The finding that trait
dominance and self-control both interacted with drug con-
dition and explained unique variance in aggressive behavior
suggests that distinct neural mechanisms may underlie the
aggression-potentiating effects of T. It has been hypothesized
that heightened amygdala reactivity to social signals of threat
or social provocation may mediate the link between T and
human aggression (3,27,47,48). Consistent with this idea,
experimental work indicates that exogenous T potentiates
amygdala reactivity to angry faces (18–21) and promotes
prolonged eye gaze toward masked angry facial expressions
(49), and that heightened amygdala reactivity to social prov-
ocation positively predicts aggressive behavior (50). Notably,
people scoring high on measures that tap into the construct of
trait dominance (e.g., behavioral activation system; interper-
sonal or affective dimensions of psychopathy) also demon-
strate heightened amygdala reactivity to angry facial
expressions (51,52) and demonstrate prolonged eye gaze
toward masked angry faces (53). Collectively, this research
leads us to speculate that T may potentiate aggressive
behavior in dominant men through increasing amygdala
reactivity to social cues of threat (e.g., angry faces) or through
social provocation and modulating downstream limbic struc-
tures (e.g., hypothalamus, periaqueductal gray) involved in the
expression of reactively aggressive behavior (25). On the other
hand, T’s potentiation of aggressive behavior in men scoring
low in self-control may involve modulation of top-down
regulatory control of limbic function. According to the
prefrontal-subcortical balance model of self-regulation (54),
the failure to exert self-control and override impulses results
from an imbalance between prefrontal brain regions (e.g.,
orbitofrontal cortex [OFC]), which regulate top-down control,
and subcortical brain regions, which potentiate bottom-up
impulses. Consistent with this model, decreased OFC function
or decreased amygdala-OFC functional coupling is commonly
observed in clinical groups prone to impulsive aggression

Figure 3. The effects of testosterone or placebo on aggressive
responses, at high and low levels of trait dominance (61 SD of the mean).
Error bars represent SEM. **p , .01.

Figure 4. The effects of testosterone or placebo on aggressive
responses, at high and low levels of trait self-control (61 SD of the mean).
Error bars represent SEM. **p , .01.
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Violenza e aggressività
• Androgeni sembrano aumentare aggressività

• Somministrazioni di Testosterone  aumentano la risposta a minacce sociali ( facce arrabbiate verso 
felici) nel circuito correlato all’aggressione 

were calculated only for the main comparison of interest, the
angry versus happy conditions, because this well-controlled
contrast isolates the factor of interest (social threat). For the first
session (no administration), a statistical map was subsequently
calculated testing for the angry versus happy effect across
participants�using�a�statistical�pooled�variance�approach�(40).�For
our a priori regions of interest (ROI), bilateral BA47 in the OFC,
bilateral amygdala, hypothalamus, and brainstem, the threshold
for statistical significance was set at p ! .001 uncorrected (i.e.,
Z " 3.09; one-sided). Adjacent voxels exceeding this threshold
were clustered. Contrast parameter estimates for each participant
and for each ROI were extracted from the original angry versus
happy contrast images and averaged. These values were used for
correlational analyses with hormone levels and between differ-
ent areas. Significance threshold for voxels outside the ROIs was
set using a Bonferroni correction for the whole brain, yielding a
threshold of # $ .05/24534 $ 2.04e-6; Z $ 4.61.

For the second and third session, Z-maps were calculated for
the angry versus happy effect and for the drug interaction,
yielding areas in which the angry versus happy effect is positively
larger in the testosterone condition. For visualization purposes,
both statistical group maps were thresholded at Z " 3.09
one-sided and superimposed onto the averaged structural image.

Salivary Measurements
All saliva samples were stored in plastic vials and frozen at

%20°C. Testosterone in saliva was measured after diethyl-ether
extraction using a competitive radioimmunoassay employing

a polyclonal antitestosterone antibody (J. Pratt, PhD, AZG
3290). [1,2,6,7-3H]Testosterone (TRK402, Amersham, the Nether-
lands) was used as a tracer following chromatographic verifica-
tion�of�its�purity�(see�41,�for�details).�Testosterone�levels�in�saliva
samples taken after sublingual administration are not determin-
able.

Salivary cortisol levels were determined without extraction
using a competitive radio-immunoassay employing a polyclonal
anticortisol antibody (K7348). Following chromatographic veri-
fication of its purity, 1,2-3H(N)-Hydrocortisone (NET 185, NEN
Dupont, Dreiech, Germany) was used as a tracer. The lower limit
for detection is .5 nmol/l and reference values for adults are 4–28
nmol/L. Details concerning the validity and advantages of mea-
suring�cortisol�in�saliva�have�been�published�previously�(42).

To increase reliability of measurements, all three baseline
levels were averaged for cortisol and testosterone (yielding 11.16
nmol/L, SD $ 2.80 and 79.28 pmol/L, SD $ 22.33, respectively).
Subsequently, both distributions were standardized to t scores
(mean 50; SD 10) and individual testosterone/cortisol ratio scores
were calculated.

Results

Endocrine Measures
Testosterone baseline levels of the three sessions did not

differ significantly [F (2,10) $ 2.39, ns). In the placebo condition,
testosterone levels dropped slightly from preadministration to
postscanning [t (11) $ 2.27, p $ .044].

Figure 2. Three-dimensional ren-
dering of the skin and the brain
from a T1-weighted magnetic reso-
nance imaging scan (top, frontal,
and left views, respectively). Clus-
ters of suprathreshold activity in re-
sponse to angry versus happy facial
expressions during the first session
in the main regions of interest are
color-coded.

Figure 1. Order of epochs during
the passive viewing task. Each ep-
och (fixation baseline, angry faces,
or happy faces) lasted 26.08 sec,
and during each target epoch, 56
stimuli were flashed onto the
screen. The second half of the task
is mirrored with respect to the first
half to preclude covariation with
linear signal drifts.
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Cortisol baseline levels were lowest on the first day of testing
in comparison with the testosterone and placebo administration
sessions [F (1,11) ! 11.35, p ! .006 and F (1,11) ! 9.01, p ! .012,
respectively], which is explained by the fact that saliva samples
were collected at a later time of day during the first session.
Cortisol levels also dropped from the preadministration to
postscanning samples for the second and third sessions [F(1,11) !
39.26, p " .001], but no interaction with drug administration was
found [F (1,11) ! 1.45, ns), indicating that exogenous testoster-
one elevation did not significantly decrease endogenous cortisol
levels.

Functional MRI Results, First Session
Results for the main contrast of interest (angry vs. happy) are

summarized�in�Table�1.�The�main�regions�of�interest�all�showed
evidence of suprathreshold activity. Amygdala responding was
stronger in the right hemisphere. An additional focus of activity
reaching a more conservative whole-brain corrected Z threshold
of 4.61 was found in the inferior temporal gyrus. Moreover, two
clusters of activity, one in the brainstem and one in the insular
cortex, were more activated during the happy than during the
angry� face� conditions.� Figure� 2� shows� a� three-dimensional
rendering of clusters of activity in the main regions of interest. In
Figure�3,�all�voxels�exceeding�the�Z�#�3.09�ROI�threshold�are
overlaid onto axial slices of the averaged structural image.

Correlational Analyses
Averaged contrast parameter estimates for the angry versus

happy comparison per suprathreshold cluster were used for
correlational analyses with endocrine measures. Nonparametric
statistics (Spearman’s rho) were applied because of the small
sample�size.�Results�of�these�analyses�are�summarized�in�Table�2.
Hypothalamic activity to angry versus happy facial expressions

exhibited a negative correlation with baseline cortisol. Baseline
testosterone levels correlated positively with activity in the
inferior temporal gyrus only. The testosterone–cortisol ratio,
however, proved more predictive: significant positive correla-
tions were found with activity in the (predominantly right)
amygdala, hypothalamus, brainstem, and inferior temporal gy-
rus.�Scatterplots�of�the�first�two�of�these�are�shown�in�Figure�4.

Subsequently, interregional nonparametric correlations across
participants were calculated between activated clusters (see
Table�3).�Activation�during�angry�versus�happy�face�conditions
in the bilateral amygdala, hypothalamus, and combined brain-
stem clusters proved strongly interrelated. There was no
evidence for a correlation between the lateral OFC and any of
the other ROIs, however. Moreover, combined brainstem
clusters responses were positively correlated with inferior
temporal gyrus activity.

Functional MRI Results, Second and Third Session
Results of the drug administration sessions are summarized in

Table�4.�The�angry�versus�happy�contrast�over�these�two�sessions
yielded a pattern of activated areas similar to the first session (i.e.,
bilateral BA47 in the orbitofrontal cortex, and the right amyg-
dala), although not all regions reached significance. There was
also evidence of stronger activity in the happy condition than in
the angry condition in the brainstem (pons) and parahippocam-
pal gyrus.

Drug�interaction�effects�are�shown�in�the�lower�half�of�Table�4
and� Figure� 5.� As� predicted,� there� were� significant� interaction
effects in the greater part of the network specified in the first
session with greater angry versus happy activity in the testoster-
one versus placebo condition. These effects were most pro-
nounced in the amygdala and hypothalamus, but suprathreshold
clusters were also found in the brainstem and lateral OFC (BA47).
The peak location of the interaction effect in the amygdala
appears to lie somewhat more medial than the main effects.
Figure�6�shows�the�averaged�activity� in� the�angry�(vs.�happy)
conditions in five clusters that exhibit the interaction effect.
Further separate tests were performed on the contrast parameter
estimates for angry versus happy conditions for the testosterone
and placebo conditions separately to determine whether effects
were carried mainly by activations in the testosterone conditions
or by deactivations in the placebo condition. For these tests,
contrast parameter estimates from all supratheshold voxels were
averaged and tested using t tests. These analyses show that the
testosterone effect in the left OFC is carried by a significant
response to angry faces relative to happy faces. Drug interaction
effects in the hypothalamus and brainstem appear to be carried

Figure 4. Scatterplots of the correlation between testosterone/cortisol ratio
and the average magnitude of the blood oxygen level– dependent re-
sponse to angry versus happy facial expressions in the hypothalamus (left)
and bilateral amygdala (right).

Figure 3. Ten axial slices at Z ! $30
to Z ! 6 in MNI space from the av-
eraged, normalized, anatomic
scans from all 12 participants (left
hemisphere is left). All voxels ex-
ceeding the region of interest
threshold of Z # 3.09 (p " .001)
from the contrast angry versus
happy from the first scan session
are overlaid onto these slices. See
Table�1�for�additional�data�for�each
cluster.
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mainly by deactivations to angry faces relative to happy faces in
the placebo condition [t (11) ! 2.72, p ! .02, and t (11) ! 2.45,
p ! .032, respectively]. Other separate t tests did not reach
significance.

Discussion

The purpose of this study was to gather insight into the neural
substrates of human social aggression, in particular by investi-
gating the regulatory role of steroid hormones. The main findings
were, first, that cortical (the lateral OFC), as well as subcortical
(the amygdala and its efferents), circuits implicated in aggression
can be identified functionally using fMRI in healthy volunteers
observing social threat stimuli: angry contrasted with happy
facial expressions. Second, the degree to which these subcortical
areas respond to social threat is associated with endocrine
parameters, with strongest effects in participants with a profile of
high testosterone and low cortisol. Third, in the two drug
administration sessions, interaction effects were observed in
most areas within the network that was activated in the first
session, which suggest that overall the differential responses to
angry and happy expressions are stronger, or more resistant to
habituation, after testosterone versus placebo administration.
Interaction effects were most pronounced in the amygdala and
hypothalamus.

The medial and central nuclei of the amygdala, the bed
nucleus of the stria terminalis, and efferent structures such as the

hypothalamus and brainstem areas (e.g., PAG) have traditionally
been characterized as a defensive circuit that choreographs
autonomic, endocrine, and behavioral fight–flight responses to
impending�threat�(43).�Although�this�notion�implies�partly�over-
lapping circuits for flight and fight, or fear and anger, contem-
porary human neuroimaging research has placed much more
emphasis on the role of these pathways in fear than in anger.
Neural responses to angry facial expressions are likewise some-
times interpreted in terms of fear. This study replicated the
existing data by showing responses to angry faces in the bilateral
amygdala�(26�–29 ),�as�well�as�in�some�of�the�expected�efferent
pathways of the amygdala, the hypothalamus and brainstem
subnuclei. However, the main findings of this study place these
responses in a different perspective.

Facial expressions of anger are a constituent part of socially
aggressive behavior. Evolutionarily inspired theories emphasize
that, over the course of evolution, selection pressures may have
tended to moderate intraspecific conflicts over resources for
survival and procreation, channeling them into ritualized dyadic
exchanges� of� social� signals� of� angry� defiance� (2).� Nonverbal
social behavior is therefore thought to be regulated by relatively
closed,�prewired,�genetic�programs�(44)�that�integrate�dedicated
neural and molecular pathways with species-specific nonverbal
behavior,� the�main�vehicle�of�which� is� facial� expression� (45).
Hence, angry facial expressions are presumed to play an impor-
tant�role�in�establishing�and�structuring�social�hierarchies�(34),

Figure 5. Ten axial slices at z ! "30
to z ! 6 in MNI space from the aver-
aged, normalized, anatomic scans
from all 12 participants (left hemi-
sphere is left). All voxels exceeding
the region of interest threshold of
Z # 3.09 (p $ .001) for the drug
interaction (i.e., areas with a stron-
ger angry vs. happy face effect in
the testosterone compared with
placebo session) from the second
and third sessions are overlaid onto
these� slices.� See� Table� 4� for� addi-
tional data.

Table 1. Summary of Suprathreshold Clusters of Activation to Angry versus Happy Facial Expressions in the First
Session

Region Side X Y Z Extent Max z

Expression Main Effect: Activations
Hypothalamus R 8 0 "8 23 4.91b

Amygdala R 24 0 "24 55 4.80b

Inferior temporal gyrus (BA20) R 60 "16 "20 9 4.80b

Superior brainstem/posterior hippocampus R 20 "24 "20 11 4.21a

Orbitofrontal cortex (BA47) R 40 40 "8 11 4.00a

Orbitofrontal cortex (BA47) L "32 52 0 6 3.90a

Amygdala L "24 "8 "20 1 3.36a

Brainstem (Pons) L "8 "24 "24 1 3.14a

Expression Main Effect: Deactivations
Brainstem R 16 "20 "4 25 4.71b

Insular cortex R 36 4 "4 51 4.70b

Coordinates are defined in Montreal Neurological Institute (MNI) space. BA, Brodmann’s area.
aActivation significant at a p $ .001 uncorrected threshold (one-sided and for regions of interest only).
bActivation significant at a p $ .05 whole brain Bonferroni-corrected threshold. Extent indicates the cluster size of

adjacent voxels with p $ .001, uncorrected.
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Violenza e aggressività
• Classicamente si pensava che Livelli di 

serotonina fossero sempre  inversamente 
correlati con aggressività ma lL’aggressività di 
tratto e di stato sono regolate in maniera 
diversa dalla serotonina con coinvolgimento di 
recettori diversi: dei 14 recettori diversi il 
recettore  5-HT1B interviene nella modulazione 
dell’aggressività offensiva.

• Biopsicologia della violenza è argomento 
controverso alcuni studi indicano attività ridotta 
nella corteccia prefrontale

Table 1. Examples of MRI findings for psychopathy in brain areas 
involved in aggression

logical patients with vmPFC damage in a number 
of respects, including lack of empathy and guilt, 
poor decision-making, and utilitarian moral judg-
ment (Koenigs, 2012). Psychopaths additionally 
show reduced functional connectivity between the 
insula and anterior cingulate cortex (ACC), which 
other studies indicate may be part of a circuit 
controlling goal-directed behavior. There is an 
emerging convergence from multiple types of MRI 
scans that psychopaths show abnormal struc-
ture and function in brain regions implicated in 
social, cognitive, and affective functions related to 
aggression. However, applying these data in the 
trial of a specific defendant presents a number of 
challenges.

Limitations of MRI with respect to the legal system

 It is essential to recognize the fundamental 
limitation in causal inference when interpreting MRI 
data. Many are familiar with the phrase “correla-
tion does not equal causation.” MRI may reveal 
that certain psychopathic traits correlate with the 
structural or functional characteristics of a partic-
ular brain area, however, MRI cannot distinguish 
whether the brain characteristic causes a disorder 
associated with aggression like psychopathy, or 
vice versa (see White, Meffert & Blair, from Science 
in the Courtroom Vol. 1, No. 1). It is also possi-
ble that a certain brain imaging finding may not 
be specifically related to psychopathy per se, but 
may be the consequence of another condition or 
experience that is associated with psychopathy 
(e.g., drug abuse, extended periods of incarcer-
ation, head trauma, etc.). Moreover, many brain 
regions implicated in psychopathy underlie mul-
tiple functions. For example, the ACC is involved 
in affective processes such as pain, anxiety, and 
social attachment, but also more cognitive control 
processes such as error monitoring and salience 
detection. This is a critical consideration, as MRI 
evidence might be used to argue for the neurobi-
ological basis of a defendant’s social or emotional 
deficiency, but this type of “reverse inference” is 
not deductively valid. A related issue is that the 
brain at the time of scanning is not the same as the 
brain at the time of the crime; it is unlikely that the 
psychological state (and thus the brain state) at the 
time of the crime can be replicated during a sub-
sequent MRI scan. In sum, three points regarding 
MRI data and causality should be kept in mind: (i) 
brain abnormalities can be both antecedent and 
consequent of behavior, (ii) a mental state cannot 
necessarily be inferred from brain activity, and (iii) 
brain characteristics during a trial do not neces-
sarily reflect brain characteristics at the time of the 
crime.
 A second limitation to consider is the error 
rate of MRI. The Daubert standard requires judges 
to consider the known or potential error rate of a 
technique when determining the validity of scientific 
testimony. Regarding MRI, there are two poten-

tial sources of error to consider: (i) the error rate 
inherent in statistical data analysis, which is the 
risk of falsely concluding that a relationship ex-
ists between two variables, and (ii) measurement 
error, corresponding to “noise” in the MRI data. 
When researchers compare two groups of individ-
uals to test if they statistically differ, they select a 
numerical threshold as the definition of a “signifi-
cant difference.” This threshold (known as alpha) 
indicates the likelihood that a researcher will 
detect a statistical difference between two groups 
of participants when there is no actual difference 
(in other words, the probability of a false positive). 
The commonly accepted value for alpha in the 
field of brain imaging research is 5%, which may 
be higher than what is required by the Daubert 
standard. It is also important to note that scientific 
findings are often based on the comparison of 
two groups of individuals that systematically differ 
in some way, such as in the diagnosis of psy-
chopathy, but MRI evidence in court will generally 
be concerned with the results of a single individ-
ual. In a study that finds that psychopaths have, 
on average, reduced amygdala-vmPFC func-
tional connectivity relative to non-psychopaths, 
there may still be a subset of non-psychopaths 
with lower amygdala-vmPFC connectivity than a 
subset of the psychopaths (Figure 3; Motzkin et 
al., 2011). The alpha value a researcher chooses 
determines the amount of overlap that the two 
groups can have while still being considered “sig-
nificantly different” (in a statistical sense). In addi-
tion to the statistical error inherent to alpha val-
ues, the measurement error specific to MRI must 
be considered in a Daubert hearing. Sources of 
measurement error can include technical factors 
such as electrical component quality and scan 
parameters, as well as subject factors such as 
head motion during scans. Because even a few 
millimeters of head motion during an fMRI scan 
can produce significant changes in the measured 
levels of BOLD activity, the cooperation of the 
subject is of paramount importance for collecting 
valid MRI data. 
 Although the extensive caveats and pre-
cautions regarding MRI techniques might give 
the impression that MRI is not likely to have any 

significant impact on the criminal justice system, 
we see several exciting potential applications. 
First and foremost, as MRI findings yield a deeper 
understanding of the neurobiological substrates 
of empathy, morality, aggression, and behavioral 
control, this knowledge may aid in developing 
more effective treatments for psychopathy. Phar-
macological treatments for psychopathy may 
grow out of the identification of dysfunctional 
brain regions and the characterization of molec-
ular profiles within those regions. MRI findings 
may also be used to tailor psychotherapies and 
cognitive exercises to improve function in disor-
dered areas of the psychopathic brain. Improving 
risk assessment is another potential application of 
MRI. Such brain-related measures could combine 
with psychological or behavioral measures such 
as the PCL-R (otherwise known as the Psychop-
athy Checklist) to predict future behavior and/or 
treatment efficacy. Such neuro-prediction meth-
ods will likely require years of research and veri-
fication until they can be used with the reliability 
necessitated by the criminal justice system, but 
one recent study has already demonstrated im-
proved re-arrest predictions from behavioral mea-
sures by supplementing the standard prediction 
algorithm with fMRI data (Aharoni et al., 2013).

Figure 3, Inferences from group differences.
detailed explanation at end of article
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Brain 
Region

Modality Summary of Finding with Respect to Psy-
chopathy

Citation

ACC Struc-
tural

Reduced ACC volume Boccardi et al., 
2011

Struc-
tural

Cortical thinning in the left dorsal ACC Ly et al., 2012

fMRI Reduced ACC activation when viewing 
negative emotional scenes

Muller et al., 
2003

Amygdala Struc-
tural

Abnormal volume in amygdala subdivisions Boccardi et al., 
2011

Struc-
tural

Decreased amygdala gray matter Ermer et al., 
2012

fMRI Lower amygdala activity during emotional 
moral judgment

Glenn et al., 
2009

fMRI Amygdala activation was less predictive of 
ratings of severity of moral transgressions 

Harenski et al., 
2010

fMRI Reduced amygdala activation when process-
ing negative emotional words

Kiehl et al., 2001

fMRI Increased right amygdala activation when 
viewing negative emotional scenes

Muller et al., 
2003

Struc-
tural

Reduced amygdala volume Yang et al., 2009

Struc-
tural

Reduced amygdala volume Yang et al., 2010

Insula Struc-
tural

Cortical thinning in the bilateral anterior 
insula

Gregory et al., 
2012

rsfMRI Reduced functional connectivity between the 
insula and ACC

Ly et al., 2012

Struc-
tural

Cortical thinning in the left anterior insula Ly et al., 2012

fMRI Reduced bilateral anterior insula activity 
when viewing clips of emotional interactions

Meffert et al., 
2013

PAG fMRI Reduced PAG activity during a moral judg-
ment task

Pujol et al., 2012

Uncinate 
Fasciculus

DTI Reduced structural integrity of the right 
uncinate fasciculus

Craig et al., 2009

DTI Reduced structural integrity of the right 
uncinate fasciculus

Motzkin et al., 
2011

vmPFC Struc-
tural

Reduced vmPFC volume Boccardi et al., 
2011

Struc-
tural

Reduced vmPFC gray matter Ermer et al., 
2012

fMRI Reduced distinction between moral and 
nonmoral pictures in vmPFC

Harenski et al., 
2010

rsfMRI Reduced functional connectivity between the 
amygdala and vmPFC 

Motzkin et al., 
2011

fMRI Increased vmPFC activity in when inferring 
someone else’s emotional state

Sommer et al., 
2010

Struc-
tural

Reduced vmPFC volume Yang et al., 2010

Table 1. Examples of MRI findings for psychopathy in brain areas 
involved in aggression

logical patients with vmPFC damage in a number 
of respects, including lack of empathy and guilt, 
poor decision-making, and utilitarian moral judg-
ment (Koenigs, 2012). Psychopaths additionally 
show reduced functional connectivity between the 
insula and anterior cingulate cortex (ACC), which 
other studies indicate may be part of a circuit 
controlling goal-directed behavior. There is an 
emerging convergence from multiple types of MRI 
scans that psychopaths show abnormal struc-
ture and function in brain regions implicated in 
social, cognitive, and affective functions related to 
aggression. However, applying these data in the 
trial of a specific defendant presents a number of 
challenges.

Limitations of MRI with respect to the legal system

 It is essential to recognize the fundamental 
limitation in causal inference when interpreting MRI 
data. Many are familiar with the phrase “correla-
tion does not equal causation.” MRI may reveal 
that certain psychopathic traits correlate with the 
structural or functional characteristics of a partic-
ular brain area, however, MRI cannot distinguish 
whether the brain characteristic causes a disorder 
associated with aggression like psychopathy, or 
vice versa (see White, Meffert & Blair, from Science 
in the Courtroom Vol. 1, No. 1). It is also possi-
ble that a certain brain imaging finding may not 
be specifically related to psychopathy per se, but 
may be the consequence of another condition or 
experience that is associated with psychopathy 
(e.g., drug abuse, extended periods of incarcer-
ation, head trauma, etc.). Moreover, many brain 
regions implicated in psychopathy underlie mul-
tiple functions. For example, the ACC is involved 
in affective processes such as pain, anxiety, and 
social attachment, but also more cognitive control 
processes such as error monitoring and salience 
detection. This is a critical consideration, as MRI 
evidence might be used to argue for the neurobi-
ological basis of a defendant’s social or emotional 
deficiency, but this type of “reverse inference” is 
not deductively valid. A related issue is that the 
brain at the time of scanning is not the same as the 
brain at the time of the crime; it is unlikely that the 
psychological state (and thus the brain state) at the 
time of the crime can be replicated during a sub-
sequent MRI scan. In sum, three points regarding 
MRI data and causality should be kept in mind: (i) 
brain abnormalities can be both antecedent and 
consequent of behavior, (ii) a mental state cannot 
necessarily be inferred from brain activity, and (iii) 
brain characteristics during a trial do not neces-
sarily reflect brain characteristics at the time of the 
crime.
 A second limitation to consider is the error 
rate of MRI. The Daubert standard requires judges 
to consider the known or potential error rate of a 
technique when determining the validity of scientific 
testimony. Regarding MRI, there are two poten-

tial sources of error to consider: (i) the error rate 
inherent in statistical data analysis, which is the 
risk of falsely concluding that a relationship ex-
ists between two variables, and (ii) measurement 
error, corresponding to “noise” in the MRI data. 
When researchers compare two groups of individ-
uals to test if they statistically differ, they select a 
numerical threshold as the definition of a “signifi-
cant difference.” This threshold (known as alpha) 
indicates the likelihood that a researcher will 
detect a statistical difference between two groups 
of participants when there is no actual difference 
(in other words, the probability of a false positive). 
The commonly accepted value for alpha in the 
field of brain imaging research is 5%, which may 
be higher than what is required by the Daubert 
standard. It is also important to note that scientific 
findings are often based on the comparison of 
two groups of individuals that systematically differ 
in some way, such as in the diagnosis of psy-
chopathy, but MRI evidence in court will generally 
be concerned with the results of a single individ-
ual. In a study that finds that psychopaths have, 
on average, reduced amygdala-vmPFC func-
tional connectivity relative to non-psychopaths, 
there may still be a subset of non-psychopaths 
with lower amygdala-vmPFC connectivity than a 
subset of the psychopaths (Figure 3; Motzkin et 
al., 2011). The alpha value a researcher chooses 
determines the amount of overlap that the two 
groups can have while still being considered “sig-
nificantly different” (in a statistical sense). In addi-
tion to the statistical error inherent to alpha val-
ues, the measurement error specific to MRI must 
be considered in a Daubert hearing. Sources of 
measurement error can include technical factors 
such as electrical component quality and scan 
parameters, as well as subject factors such as 
head motion during scans. Because even a few 
millimeters of head motion during an fMRI scan 
can produce significant changes in the measured 
levels of BOLD activity, the cooperation of the 
subject is of paramount importance for collecting 
valid MRI data. 
 Although the extensive caveats and pre-
cautions regarding MRI techniques might give 
the impression that MRI is not likely to have any 

significant impact on the criminal justice system, 
we see several exciting potential applications. 
First and foremost, as MRI findings yield a deeper 
understanding of the neurobiological substrates 
of empathy, morality, aggression, and behavioral 
control, this knowledge may aid in developing 
more effective treatments for psychopathy. Phar-
macological treatments for psychopathy may 
grow out of the identification of dysfunctional 
brain regions and the characterization of molec-
ular profiles within those regions. MRI findings 
may also be used to tailor psychotherapies and 
cognitive exercises to improve function in disor-
dered areas of the psychopathic brain. Improving 
risk assessment is another potential application of 
MRI. Such brain-related measures could combine 
with psychological or behavioral measures such 
as the PCL-R (otherwise known as the Psychop-
athy Checklist) to predict future behavior and/or 
treatment efficacy. Such neuro-prediction meth-
ods will likely require years of research and veri-
fication until they can be used with the reliability 
necessitated by the criminal justice system, but 
one recent study has already demonstrated im-
proved re-arrest predictions from behavioral mea-
sures by supplementing the standard prediction 
algorithm with fMRI data (Aharoni et al., 2013).

Figure 3, Inferences from group differences.
detailed explanation at end of article
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Brain 
Region

Modality Summary of Finding with Respect to Psy-
chopathy

Citation

ACC Struc-
tural

Reduced ACC volume Boccardi et al., 
2011

Struc-
tural

Cortical thinning in the left dorsal ACC Ly et al., 2012

fMRI Reduced ACC activation when viewing 
negative emotional scenes

Muller et al., 
2003

Amygdala Struc-
tural

Abnormal volume in amygdala subdivisions Boccardi et al., 
2011

Struc-
tural

Decreased amygdala gray matter Ermer et al., 
2012

fMRI Lower amygdala activity during emotional 
moral judgment

Glenn et al., 
2009

fMRI Amygdala activation was less predictive of 
ratings of severity of moral transgressions 

Harenski et al., 
2010

fMRI Reduced amygdala activation when process-
ing negative emotional words

Kiehl et al., 2001

fMRI Increased right amygdala activation when 
viewing negative emotional scenes

Muller et al., 
2003

Struc-
tural

Reduced amygdala volume Yang et al., 2009

Struc-
tural

Reduced amygdala volume Yang et al., 2010

Insula Struc-
tural

Cortical thinning in the bilateral anterior 
insula

Gregory et al., 
2012

rsfMRI Reduced functional connectivity between the 
insula and ACC

Ly et al., 2012

Struc-
tural

Cortical thinning in the left anterior insula Ly et al., 2012

fMRI Reduced bilateral anterior insula activity 
when viewing clips of emotional interactions

Meffert et al., 
2013

PAG fMRI Reduced PAG activity during a moral judg-
ment task

Pujol et al., 2012

Uncinate 
Fasciculus

DTI Reduced structural integrity of the right 
uncinate fasciculus

Craig et al., 2009

DTI Reduced structural integrity of the right 
uncinate fasciculus

Motzkin et al., 
2011

vmPFC Struc-
tural

Reduced vmPFC volume Boccardi et al., 
2011

Struc-
tural

Reduced vmPFC gray matter Ermer et al., 
2012

fMRI Reduced distinction between moral and 
nonmoral pictures in vmPFC

Harenski et al., 
2010

rsfMRI Reduced functional connectivity between the 
amygdala and vmPFC 

Motzkin et al., 
2011

fMRI Increased vmPFC activity in when inferring 
someone else’s emotional state

Sommer et al., 
2010

Struc-
tural

Reduced vmPFC volume Yang et al., 2010



Risposta autonoma allo stress

• Risposta allo stress ha 3 fasi
• Reazione di allarme
• Fase di adattamento

• Attivazione di risposta 
autonomica e e ristabilimento 
equilibrio omeostatico

• Fase di esaurimento
• Aumentata suscettibilità alla 

malattia



Risposta allo stress

I pendolari….

…e gli studenti

Rilascio epinefrina (noradrenalina)

Risposta allo stress differente da 
individuo all’altro: 
immunizzazione da stress (cure 
materne?)



Emozioni stress e sistema immunitario

• Medicina psicosomatica: 
malattie derivano da 
caratteristiche 
psicologiche o da conflitti 
di personalità.

• Psiconeuroimmunologia : 
sistema immunitario 
interagisce con sistema 
nervoso e ormonale



• Fagociti (distruggono
germi)

• Linfociti B producono
anticorpi
(immunoglobuline)

• Linfociti T Cellule killer e 
Thelper che rilasciano
citochine

• Si formano nel timo nel
midollo osseo e nella
milza

Emozioni stress e sistema immunitario



Emozioni stress e sistema immunitario
• Il cervello influenza il 

sistema immunitario 
tramite il SN autonomo
• Promuove e deprime il SI 

(troppe citochine)
• immuno soppressione: 

Corticosteroidi sopprimono 
risposte immunitarie=> 
Stress richiede risposte 
rapide, reazione 
immunitaria  è lenta 
=>stress prolungato uccide



STRESS, DEPRESSIONE, SISTEMA IMMUNITARIO E CANCRO

Reiche et al Lancet 2004

L’attivazione persistente di HPA in stress cronico e 
depressione danneggia il sistema immunitario e 
contribuisce allo sviluppo e alla progressione di 

alcuni tumori



•Diversi fattori immunologici sono compromessi 
nello stress cronico e nella depressione

• Implicazioni cliniche all’inizio e durante la 
progressione del cancro



Circuiti della risposta allo stress

• 1) asse ipotalamo – ipofisi -corteccia surrene: CRH –
ACTH – cortisolo 

• 2)asse ipotalamo – ipofisi – midollare surrene: 
produzione di catecolamine (adrenalina). Sistema 
simpatico

• 3)circuito ipotalamo – neuroipofisi: rilascio di  
vasopressina e ossitocina.



Risposta fisiologica allo stress

FATTORE 
DI 

STRESS

corticosteroidiATTIVAZIONE 
ASSE HPA

ATTIVAZIONE 
SISTEMA 
NERVOSO 

AUTONOMO
catecolamine

FUNZIONE 
IMMUNOSOPPRESSI

VA



Interazione
sistema nervoso, 

immunitario, endocrino
• Linfociti e macrofagi possiedono recettori 

per neurotrasmettitori, neuropeptide, 
neurormoni (INFLUENZA 
NEUROENDOCRINA SU SISTEMA 
IMMUNITARIO)

• azione delle citochine sull’asse HPA 
(INFLUENZA SISTEMA IMMUNITARIO SU 
SISTEMA ENDOCRINO)

• recettori per interleuchina 1in cellule SNC 
(INFLUENZA SISTEMA IMMUNITARIO SU 
SISTEMA NERVOSO



Effetti dello stress sul sistema immunitario

v La concentrazione di 
epinefrina è 
inversamente 
proporzionale a 
specifiche funzioni 
immunitarie

v Alta concentrazione di 
corticosteroidi durante lo 
stress ha effetti 
immunosoppressivi –
diminuzione della 
produzione di citochine.
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type-2 reactions mediated by stress have
been reported.8,9,13–16 Among the
cytokines produced in the early innate
immune response, interleukin 12 is a
key inducer of cell-mediated immunity,
and stimulates differentiation of CD4-
helper T lymphocytes into T-helper
cells that produce interferon !.
Glucocorticoids, norepinephrine,
epinephrine, and histamine inhibit the
production of human interleukin 12 by
antigen-presenting cells such as
monocytes, macrophages, and dendritic
cells, whereas they do not affect the
production of interleukin 10. Because
interleukin 12 and TNF " promote Th1
responses and cellular immunity,
whereas interleukin 10 suppresses both
the production of interleukin 12 and
the Th1 activity and stimulates Th2 
and humoral immune responses, the
neuroendocrine mediators released by
stress might cause a selective sup-
pression of Th1 responses. In addition
to the inhibitory effects of the
neuroendocrine mediators on Th1 cells,
the production of interleukin 10 also
inhibits the activity of these cells. The
mechanism of inhibition of Th1 but not
Th2 cells explains the shift from the
Th1 to Th2 immune response, which
impairs the cellular immune responses
against various infections and some
tumours that are normally mediated by
Th1 response (figure 4). Conditions that contribute to a
substantial increase or decrease of local or systemic
concentrations of these mediators via modulation of
interleukin 12 and the balance between TNF " and
interleukin 10 might also play a part in the induction,
expression, and progression of some autoimmune and
cardiovascular diseases, osteoporosis, rheumatoid arthritis,
type 2 diabetes, allergic or atopic reactions, and the growth
of some tumours. These conditions include acute or chronic
stress, severe and exhaustive exercises, serious surgical
procedures or traumatic injuries, major burns, severe
ischaemia or hypoxia, pregnancy, and the postpartum
period.9,13–16

Role of stress and depression
The effect of psychological factors on cancer depends very
much on the type of tumour involved. Moreover, the
validity of many of the data has been questioned because
retrospective studies tend to show associations that are
linked in the memory of individuals, and much information
about real-life stressors could possibly be lost, whereas
unliked phenomena are remembered less well. These
observations, which are the core of psychosomatic medicine,
have been rejected or ignored by many scientists until
recently because of the lack of plausible mechanisms linking

the nervous system to immune function. However, studies
in animals have suggested that stress renders them more
susceptible to diseases and impairs the function of the
immune system.17,18

Animal studies
A wide variety of stressors have been used in studies of
environmental effects on immunological function.17 A classic
example is that spleen cells isolated from mice exposed to
daily sound stress had a reduced ability to respond to test
mitogens. 19 Other studies1 have shown that innate
lymphocytes also have a reduced ability to kill foreign target
cells, known as NK activity. Rats unable to escape from
electric shock had earlier tumour appearance, enlarged
tumours, and decreased survival time compared with those
given the opportunity to escape the shock. Inescapable, but
not escapable, shock also significantly impairs tumour
rejection20 and the lymphoproliferative response to lectins.21

Studies8,22,23 of the effects of stressful conditions on several
cell immune responses have also been reviewed. Stressful
conditions can greatly suppress the immune response of
blood and spleen lymphocytes, including T-cell mitogenesis,
production of IgG2a (controlled by Th1 cells) but not IgG1
(controlled by Th2 cells), NK cell activity, and production of
interleukin 2 and interferon !.8 Expression of interleukin 2
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Paraventricular

nucleus

Stress

Pituitary
gland

Adrenal
cortex

Glucocorticoids

Immune
system

Adrenal
medulla

Sympathetic
nervous
system

Brainstem
Locus coeruleus
Noradrenergic-

system

ACTH +

Norepinehrine –

Norepinephrine +

Norepinephrine +

Arginine vasopressin +
CRF +

ACTH +

Arginine vasopressim +
CRF +

+/–

+

+

+

+

–

–

Figure 3. Interactions between nervous, endocrine, and immune systems. Pituitary cells and
sympathetic nervous system are positively regulated by hypothalamic factors, including
corticotropin-releasing factor (CRF) and arginine vasopressin. Adrenocorticotropic hormone
(ACTH) released by the pituitary gland evokes glucocorticoid synthesis by adrenal cortex. CRF and
ACTH production is inhibited by glucocorticoid feedback. Norepinephrine is also released from
sympathetic nervous system. +, stimulation; –, inhibition; +/–, stimulation and inhibition. 



Le citochine

Sono proteine in grado di modificare il comportamento di 
altre cellule e sono rilasciate da:
- macrofagi/cellule dentritiche e linfociti  : in periferia
- astrociti e microglia : sistema nervoso centrale

La loro produzione è divisa in due categorie in base alla 
cellula T helper che le rilascia in seguito alla 
presentazione dell’antigene da parte delle cellule 
dendritiche sul complesso MHC/HLA.



Th1 
attivazione da IL-12

Th2
attivazione da IL-33, IL25

Media il sistema immunitario attraverso 
l’attività delle cellule NK e dei macrofagi e 
linfociti T citotossici.

Protezione da  infezioni virali e cellule 
modificate in senso neoplastico

Promuove  la reazione immunitaria 
mediata dagli anticorpi

Protezione da parassiti extracellulari e 
allergeni.

Include la produzione di:
- interferone γ
-TNF α
- interleuchina 2

Include la produzione di:
-interleuchina 4
-Interleuchina 5
-Interleuchina 6
-Interleuchina 10 (segnale di regolazione 
della risposta linfocitaria)



Th1 e Th2 possono agire attraverso l’inibizione 
incrociata:

Interleuchina 4 e 10
-effetti 

antiinfiammatori 

Sopprime attivià
delle cellule Th1

Stimola azione delle 
cellule Th2

Presenza 
dell’interleuchina 

10
Sopprime sintesi di 

interleuchina 12

Produzione di 
interferone γ

inibita dalle cellule 
Th2



• Mediatori 
neuroendocrini 
dello stress

inibiscono

• Produzione di 
interleuchina 12

selettiva 
soppressione Th1 • Risposta 

sbilanciata

Possibile ruolo nella 
induzione e espressione 

di alcune malattie 
autoimmuni



• Alcuni studi hanno utilizzato due paradigmi:
- forced swimming
- abdominal surgery

In entrambi i casi lo stress sopprime l’attività delle cellule NK e questo è sufficiente 
a causare l’insorgere del tumore.

• STRESS MATERNOà in maschi di topo stressati prenatalmente si osserva un 
decremento dell’attività di cellule NK, diminuzione della circolazione di macrofagi e 
fagocitosi, incremento entrambe le forme del tumore di Ehrlich. Basse 
concentrazioni di O6-methyltransferase: enzima riparatore del DNA. (possibile 
marker pre-clinico)

• STRESS SOCIALEà peggioramento nella resistenza allo sviluppo di metastasi; 
accelerazione nella manifestazione di colonie tumorali; aumentata incidenza di 
metastasi; aumentato tasso di mortalità; ridotta risposta alle chemioterapie

Studi su animali



Evidenze sull’uomo

v Secrezione di citochina:
Pazienti con la depressione maggiore mostrano una elevata concentrazione di 

citochina proinfiammatoria.

v Bassi livelli di cellule NK in particolari condizioni:
• LUTTO CONIUGALEà riduzione della risposta di linfociti T; riduzione attività delle 

NK; aumento concentrazione ematica di cortisolo; soppressione risposte 
linfoproliferative in donne con carcinoma mammario dopo la morte del coniuge

• SEPARAZIONE O DIVORZIO à minor numero di cellule NK e di linfociti T helper
• STRESS ACCADEMICOà riduzione attività cellule NK, correlato con il grado di 

isolamento/solitudine
• DEPRESSIONEà risultati contraddittori, tra chi riscontra una diminuzione di 

attività delle NK e chi non trova alterazioni significative delle variabili 
immunitarie (variabili non considerate: forma, gravità e durata della depressione; 
età del paziente; ecc...)

• STRESS IN PAZIENTI CON ALZHEIMER à relazione tra sistema nervoso simpatico 
e cellule NK.

• PESSIMISMO à potrebbe essere associata alla diminuzione dell’azione 
immunitaria à decremento dell’immunità; minor controllo di infezioni da HPV



Effetti sul cancro
• TUMORI E STRESS, 

STESSA REAZIONE 
SUL SISTEMA 
IMMUNITARIO

• INCREMENTO INSORGENZA MALATTIE LINFATICHE, MELANOMI, CANCRO IN 
SOGGETTI CHE HANNO PERSO I FIGLI IN UN INCIDENTE O IN GUERRA

• I FATTORI PSICOLOGICI HANNO UN EFFETTO SULLA RIPARAZIONE DEL DNA

AUMENTO DI VARIE INTERLEUCHINE E TNF ALFA CHE RIDUCONO 
L’ATTIVITÀ DI MOLECOLE MHC; LE CELLULE MALIGNE SONO LIBERE DI 
FUGGIRE ALLA SORVEGLIANZA IMMUNOLOGICA

N.B. Differenti tipi di tumore hanno un 
diverso coinvolgimento immunologico



Effetti sul cancro

È stato proposto un modello causale di interazione tra stress, 
depressione e cancro. 

STRESS CANCRO
Aumento espressione di:
-interleuchina 1
-interleuchina 6
-TNFα

Alta concentrazione di :
-TNFα

Riduzione espressione di:
-interleuchina 2
-interferone γ
-classe II MHC molecole
-azione di cellule NK

Bassa espressione della tirosinasosfato che 
diminuisce l’espressione della classe I MHC 
molecole sulla superficie delle cellule. 
Questo permette alle cellule maligne di 
sfuggire alla sorveglianza del sistema 
immunitario

Stress e depressione possono facilitare la progressione del 
tumore  attraverso l’inibizione dell’espressione delle molecole 
MCH  e la riduzione dell’azione delle cellule NK


