
Psychological Medicine

cambridge.org/psm

Review Article

Cite this article: Dugré JR, Potvin S (2021).
Impaired attentional and socio-affective
networks in subjects with antisocial behaviors:
a meta-analysis of resting-state functional
connectivity studies. Psychological Medicine
51, 1249–1259. https://doi.org/10.1017/
S0033291721001525

Received: 26 November 2020
Revised: 22 March 2021
Accepted: 7 April 2021
First published online: 27 April 2021

Key words:
Functional connectivity; antisocial behaviors;
conduct disorder; default mode network;
ventral attention network; dorsal attention
network

Author for correspondence:
Jules Roger Dugré,
E-mail: jules.dugre@umontreal.ca;
Stéphane Potvin,
E-mail: stephane.potvin@umontreal.ca

© The Author(s), 2021. Published by
Cambridge University Press

Impaired attentional and socio-affective
networks in subjects with antisocial behaviors:
a meta-analysis of resting-state functional
connectivity studies

Jules Roger Dugré1,2 and Stéphane Potvin1,2

1Research Center of the Institut Universitaire en Santé Mentale de Montréal, Montreal, Quebec, Canada and
2Department of Psychiatry and Addictology, Faculty of Medicine, University of Montreal, Montreal, Quebec, Canada

Abstract

In the past decade, there has been a growing interest in examining resting-state functional
connectivity deficits in subjects with conduct and antisocial personality disorder. Through
meta-analyses and literature reviews, extensive work has been done to characterize their
abnormalities in brain activation during a wide range of functional magnetic resonance
imaging (fMRI) tasks. However, there is currently no meta-analytical evidence regarding
neural connectivity patterns during resting-state fMRI. Therefore, we conducted a coordin-
ate-based meta-analysis of resting-state fMRI studies on individuals exhibiting antisocial beha-
viors. Of the retrieved studies, 18 used a seed-based connectivity approach (513 cases v. 488
controls), 20 employed a non-seed-based approach (453 cases v. 460 controls) and 20
included a correlational analysis between the severity of antisocial behaviors and connectivity
patterns (3462 subjects). Meta-analysis on seed-based studies revealed significant connectivity
deficits in the amygdala, middle cingulate cortex, ventral posterior cingulate cortex-precuneus,
ventromedial and dorsomedial prefrontal cortex, premotor cortex, and superior parietal lob-
ule. Additionally, non-seed-based meta-analysis showed increased connectivity in the ventral
posterior cingulate cortex and decreased connectivity in the parietal operculum, calcarine cor-
tex, and cuneus. Finally, we found meta-analytical evidence for negative relationship between
the severity of antisocial behaviors and connectivity with the ventromedial prefrontal cortex.
Functional characterization and meta-analytical connectivity modeling indicated that these
findings overlapped with socio-affective and attentional processes. This further underscores
the importance of these functions in the pathophysiology of conduct and antisocial person-
ality disorders.

Introduction

Antisocial personality disorder (ASPD) is temporally contiguous with severe and persistent
delinquent behaviors from childhood through adulthood. Estimates suggest prevalence rates
being approximatively 5% at a population level but up to 50% in prison settings (Black,
Gunter, Loveless, Allen, & Sieleni, 2010; Fazel & Danesh, 2002; Pondé, Freire, & Mendonça,
2011). Thus, it is not surprising to observe that early conduct disorder (CD) is an inherent
criterion for adult ASPD and is an important risk factor for criminal conviction, incarceration,
and a wide range of health and psychosocial problems (Bevilacqua, Hale, Barker, & Viner,
2018; Colman et al., 2009; Erskine et al., 2016; Moffitt, 2003, 2006). Although social science
research has substantially increased our understanding of risk factors and outcomes regarding
antisocial behaviors, the pathophysiological mechanisms underlying the antisocial spectrum
have yet to be elucidated.

In the last decades, researchers have attempted to unveil the neurobiological correlates
underlying the antisocial spectrum [i.e. conduct problems-to-antisocial personality disorder
spectrum (CP/ASPD)] by using a variety of magnetic resonance imaging (MRI) methods.
For instance, studies have mainly focused on structural deficits in CP/ASPD individuals
(Aoki, Inokuchi, Nakao, & Yamasue, 2013; Rogers & De Brito, 2016) and task-based func-
tional abnormalities (Deming & Koenigs, 2020; Dugré et al., 2020; Poeppl et al., 2019).
More precisely, results from two voxel-based morphometry meta-analyses (most studies con-
trolling for total intracranial/grey matter volume) revealed that CP/ASPD subjects showed grey
matter volume abnormalities in the anterior insula, the amygdala, the ventrolateral (vlPFC)
and dorsomedial prefrontal cortex (dmPFC), and the fusiform gyrus (Aoki et al., 2013;
Rogers & De Brito, 2016). Likewise, two recent meta-analyses of task-based functional MRI
(fMRI) studies indicated that across tasks, psychopathic individuals exhibit significant altera-
tions in the dmPFC, lateral PFC and amygdala (Deming & Koenigs, 2020; Poeppl et al., 2019)
ACC, PCC-precuneus (Deming & Koenigs, 2020), and fronto-insular cortex (Poeppl et al.,
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2019). Furthermore, Dugré et al. (2020) have recently observed,
through a large meta-analysis of task-based fMRI studies, that
the antisocial spectrum (i.e. CP/ASPD) is mainly characterized
by brain alterations during acute threat response tasks, but also
across social cognition and cognitive control neurocognitive
domains. More precisely, during social cognition tasks (e.g. theory
of mind, empathic decision making), CP/ASPD individuals exhib-
ited aberrant activation in the putamen, precuneus, medial and
dorsolateral PFC, fusiform gyrus, midcingulate cortex (MCC),
and the hippocampus. Moreover, in response to threatening stim-
uli (e.g. negative emotional faces), the authors observed decreased
activation in CP/ASPD in the pregenual anterior cingulate cortex,
lateral PFC, anterior insula, and inferior parietal lobule, whereas
decreased activations in the premotor, anterior insula, and
vlPFC were mainly observed during cognitive control tasks (e.g.
Stroop, Go-No/Go) (Dugré et al., 2020). Despite that evidence
suggests task-based and structural abnormalities, the disrupted
functional connectivity patterns that may characterize CP/ASPD
subjects remain largely unknown.

Recently, resting-state fMRI (rs-fMRI) has gained considerable
attention in research on the neurobiological correlates of CP/
ASPD. Rs-fMRI modality permits us to examine brain activity
at rest without an explicit fMRI task, but also to characterize
brain regions that communicate with each other (i.e. functional
connectivity) during low-frequency spontaneous brain fluctua-
tions. To examine resting-state connectivity, several methods
have been developed spanning the network-level, seed-based,
and non-seed-based approaches. The former method reduces
brain features to a macroscopic organization of voxels showing
strong temporal coherence. These usually include the medial
fronto-parietal (e.g. default-mode network), occipital (e.g. medial
and lateral visual), pericentral network (e.g. sensorimotor, soma-
tomotor), dorsal fronto-parietal (e.g. dorsal attention), lateral
fronto-parietal (e.g. cognitive control), midcingulo-insular (e.g.
salience, ventral attention, cingulo-opercular) (Gordon et al.,
2016; Schaefer et al., 2018; Uddin, Yeo, & Spreng, 2019; Yeo
et al., 2011). Recently, several studies have adopted a large-scale
network meta-analytical approach (i.e. inferring large-scale net-
works from studies’ peak coordinates) (Dong, Wang, Chang,
Luo, & Yao, 2018; Li et al., 2019; Sutcubasi et al., 2020; Xu
et al., 2019). However, this method inherently reduces the spatial
preciseness when investigating the deficits of a particular disorder.
Thus, other techniques such as seed-based approaches have the
advantage of the straightforward interpretability of results, but
the limitations of being influenced by spatial confounds and
noises (Cole, Smith, & Beckmann, 2010). Therefore, examining
the spatial convergence across studies (Cortese, Aoki, Itahashi,
Castellanos, & Eickhoff, 2020) is one meta-analytical approach
that addresses such limitations.

Concerning individuals from the antisocial spectrum, early
evidence by Motzkin, Newman, Kiehl, and Koenigs (2011)
showed that psychopathic criminals exhibited a reduced
amygdala-vmPFC connectivity during resting-state. Although
this may be in line with affective deficits observed in psychopathy,
the two groups (psychopathic and non-psychopathic offenders)
substantially differed on both Factor 1 (i.e. affective/interpersonal
factor) and Factor 2 (lifestyle/antisocial behaviors) of the psych-
opathy checklist [PCL-R (Hare, 2003)]. Thus it remains unclear
whether this dysconnectivity was driven by the severity of anti-
social behaviors. This reduced connectivity was also observed in
pedophilia with child sexual offending (Kärgel et al., 2015),
whereas increased connectivity characterized violent offenders

and positively correlated with the severity of reactive and pro-
active aggression (Siep et al., 2019). Furthermore, task-based con-
nectivity studies also reported a reduced amygdala-vmPFC
connectivity when using fearful facial expressions (Marsh et al.,
2008) and moral judgments (Marsh et al., 2011; Yoder,
Harenski, Kiehl, & Decety, 2015) stimuli in CP/ASPD.
Additionally, using non-seed-based approaches [e.g. amplitude
of low-frequency fluctuations (ALFF), regional homogeneity
(ReHo)], decreased connectivity in the precuneus was associated
with both early-onset and late-onset CD (Cao et al., 2019) and
adolescent violent offenders (Chen et al., 2015), whereas school
bullies with severe delinquent behaviors exhibit a significant
increased connectivity in this (Kim et al., 2018). Given the current
state of literature which suggests that subjects with antisocial
behaviors may be associated with socio-affective deficits, results
on rs-fMRI vary significantly, particularly in the use of seed v.
non-seed-based approaches as well as in the selection of seed
regions. Therefore, brain regions and underlying the dyscon-
nected networks remain to be determined. Meta-analytical find-
ings are thus crucial for a better understanding of the
connectivity patterns characterizing this population.

The current study aims to investigate functional connectivity
alterations in CP/ASPD through a spatial convergence
meta-analysis of rs-fMRI studies. More specifically, we
meta-analyzed studies employing a seed-based connectivity
(SBC) approach, studies using non-SBC method and studies
that reported an association between functional connectivity
and dimensional constructs related to the antisocial spectrum.
According to previous structural and task-based MRI
meta-analyses, we hypothesized that CP/ASPD subjects would
show disrupted functional connectivity in brain regions such as
the amygdala, anterior insula, medial PFC, and the PCC/
precuneus.

Method

Selection procedures

Search strategies
A systematic search strategy, using three search engines (Google
Scholar, PubMed, and EMBASE), was performed independently
by two researchers (JRD and SP) up to October 2020 to identify
relevant studies. The following search terms were used: (‘conduct
problems’ or ‘conduct disorder’ or ‘disruptive behaviors’ or ‘anti-
social personality disorder’ or ‘antisocial behaviors’ or ‘psychop-
athy’ or ‘sociopathy’ or ‘aggression’ or ‘delinquency’ or ‘inmates’)
AND (‘functional connectivity’ or ‘resting state’) AND (‘neuroima-
ging’). Additional search was executed by cross-referencing the
reference lists of the included articles.

Selection criteria
Flow-chart and reasons for study exclusion can be retrieved in
online Supplementary Fig. S1. Articles were included if they
met the following criteria: (1) original paper from a peer-reviewed
journal, (2) inclusion of individuals with antisocial behaviors
without a comorbid major mental illness or organic impairment,
(3) use of rs-fMRI method, (4) employed a case–control SBC, a
case–control non-SBC or a dimensional analysis (case–control
or one-sample) between rsFC results and constructs closely
related to this population: impulsivity/hyperactivity dimension
(e.g. ADHD symptoms), affective/interpersonal factor (e.g. F1
score, callousness), and/or lifestyle/antisocial behaviors (e.g. CP
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or ASPD symptoms, F2 score). Furthermore, when papers did not
report peak coordinates for seed or targets, authors were con-
tacted. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Liberati et al., 2009) and the 10
rules for neuroimaging meta-analysis (Müller et al., 2018) were
followed across the meta-analysis steps.

Activation Likelihood Estimate method

We used the Activation Likelihood Estimate (ALE) approach for
coordinate-based meta-analysis to extract significant spatially
convergent peaks that differ between our population of interest
and controls (GingerALE version 3.0.2, http://www.brainmap.
org/ale/). Experiments reporting Talairach coordinates were fur-
ther converted into MNI (Montreal Neurologic Institute) space
before using them in analyses. Briefly, for each experiment, a
modeled activation (MA) map was created by modeling coordin-
ate foci with a spherical Gaussian probability distribution,
weighted by the number of subjects in each experiment. This is
performed in order to account for spatial uncertainty due to tem-
plate and between-subject variance (Eickhoff et al., 2009), and
ensure that multiple coordinates from a single experiment do
not jointly influence the MA value of a single voxel. Voxel-wise
ALE scores were then computed as the union of MA maps,
which provide a quantitative assessment of convergence between
brain activation across experiments. The size of the supra-
threshold clusters was compared against a null distribution of
cluster sizes derived from artificially created datasets in which
foci were shuffled across experiments, but the other properties
of the original experiment (e.g. number of foci, uncertainty)
were kept. We used the following statistical threshold: p < 0.001
at voxel-level and FWE-p < 0.05 at a cluster-level with 5000
permutations.

Seed-based connectivity
In this meta-analysis, we focused on spatial convergence rather
than a large-scale network approach. Indeed, we used the ALE
method to examine voxels that show spatial convergence across
studies, irrespective of the connections between voxels, as used
recently (Cortese et al., 2020). Since the main results are presented
as peaks that show spatial convergence across connectivity studies
(and not dysconnectivity between two brain regions), further ana-
lyses were carried out which specifically aimed to examine the
connections between a seed-of-interest (SOI) and voxels regions
(target). SOIs were defined as the results of the main seed-based
meta-analysis (peaks where there was significant spatial conver-
gence across studies). Next, we assumed that functional connect-
ivity analyses should be reciprocal (i.e. seed A is connected to
target B to the same extent that B should also be connected to
A). Concretely, we extracted connectivity experiments from stud-
ies that have reported at least one coordinate within the SOI.
Independent connectivity experiments were defined as the follow-
ing: In each connectivity result for every original study, (A) if the
peak coordinate falling within the SOI was a seed in the original
study, every target was included as connecting together in an
experiment; (B) if the peak coordinate was a target, only the target
with its respective seed were entered in the experiment. This
method addressed the between-study variability regarding seed
selection since the functional connectivity between seeds and tar-
gets should be reciprocal. For each SOI, significant results there-
fore suggest that clusters are coactivating (i.e. functionally
connected) with their respective SOI across studies. For each

SOI, an SBC coactivation meta-analysis was executed on inde-
pendent connectivity experiments that meet the inclusion criteria.
Meta-analyses were done separately for increased (CP/ASPD >
HC) and decreased (HC > CP/ASPD) connectivity since ALE
method does not inherently use effect sizes.

Non-seed-based connectivity
We also meta-analyzed non-SBC studies. These included every
other rsFC method (than SBC) such as ReHo, fALFF and
ALFF, short/long-range functional connectivity density, and
voxel-mirrored homotopic connectivity. Despite that ReHo and
ALFF are both voxel-wise data-driven methods to examine rsFC
in local brain regions, ReHo measures the synchronization
between the time series of a given voxel and its neighbors
(Zang, Jiang, Lu, He, & Tian, 2004), whereas the ALFF estimates
the amplitude of fluctuations of individual voxels (Yu-Feng et al.,
2007). Also, studies using large-scale network analyses (e.g. inde-
pendent component analysis) were excluded. This was done to
avoid contaminating our results with studies using a different
approach (peak convergence v. large-scale network) than the
one used in this meta-analysis. However, these studies were
added only in cases where studies reported voxel-wise group
effects within specific networks (e.g. within-DMN), since these
studies report significant peak coordinates rather than large-scale
network statistics.

Subanalyses
Several sensitivity analyses were performed to assess potential
moderators of our results. First, since SBC results may have
been driven by preference in seed selection (e.g. the amygdala),
we ran the meta-analysis by removing every seed from
seed-to-voxel studies (i.e. correlation between the time-series of
a seed with the time-series of every voxel across the brain) and
kept only the target cluster coordinates. Similarly, to address the
potential effect of studies investigating only a small number of
connections, we have performed a second subanalysis by setting
a minimum threshold of five seeds in seed-to-voxels studies and
10 seeds in studies using seed-to-ROI (i.e. correlation between
time-series of two ROIs) (i.e. resulting in a minimum of 45 con-
nections pairs). In meta-analyses with less than 10 experiments,
we carried out jack-knife analyses (i.e. recomputing ALE while
leaving one experiment out of the dataset), to examine whether
the results may be driven by a single experiment. However, it
should be noted that this method is very conservative in small
datasets and is unnecessary when meta-analyzing a considerable
number of experiments since it is unlikely that results may have
been driven by a single experiment (Eickhoff et al., 2016). Also,
given the body of research showing that callous-unemotional
traits and age-of-onset may be sources of clinical heterogeneity,
further subanalyses were carried out (online Supplementary
Material).

Dimensional associations with psychopathologies
Meta-analyses were also performed to investigate relationships
between connectivity results and psychopathological dimensions
associated with CP/ASPD subjects, namely the Hyperactivity/
Impulsivity, Affective/Interpersonal of psychopathic traits and
Antisocial Behaviors/Lifestyle dimensions. These meta-analyses
were performed across SBC and non-SBC studies, for positive
and negative rsFC-dimensions relationships, separately.
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Exploratory analyses

To better interpret results, meta-analytical connectivity modeling
(MACM) and functional characterization analyses were realized.
First, we assessed which paradigm and task domains significantly
characterize our results, using the BrainMap Database. More pre-
cisely, we examined large-scale and brain-wide co-activation pro-
file for each brain region disrupted (ROI) in CP/ASPD subjects.
This was done to investigate whether our results mutually
co-activate across tasks (BrainMap Database). Thus, we first
examined how strongly the ROI-based MACM maps correlated
with each other as an indication being part of similar network.
Following this, these maps were correlated with well-defined
seven canonical networks for interpretability purpose concerning
large-scale networks (Schaefer et al., 2018).

Results

Case–control meta-analyses

Seed-based connectivity
A total of 19 samples derived from 18 studies (see online
Supplementary Table S1) were included for the SBC
meta-analysis. A total of 513 cases was compared to 488 control
subjects (mean age = 28.34, seven samples reporting that all par-
ticipants met the diagnostic criteria for CD/ASPD).

Only seven studies have reported increased connectivity results
in CP/ASPD subjects (42 foci including seeds). We observed sig-
nificant spatial convergence in the anterior MCC [extending to
the pre-supplementary motor area (pre-SMA)] and the left amyg-
dala. Jackknife analyses replicated results in five out of seven itera-
tions, indicating that the spatial convergence between both
regions might have been driven by two studies. Additionally,
removing seed coordinates from studies yielded no significant
results, suggesting that results may have been driven by seed selec-
tion. Finally, no additional analyses were performed since they
comprised too few experiments to achieve acceptable statistical
power (⩽8 experiments).

Meta-analysis on 15 experiments reporting decreased connect-
ivity was performed (13 studies, 110 foci including seeds), reveal-
ing spatial convergence in six clusters: left ventral PCC/precuneus
(vPCC/PCUN), left vmPFC, left premotor cortex overlapping on
the frontal eye field, left amygdala, left and right dmPFC (Table
1). The left vPCC/PCUN, left amygdala, and left premotor cortex
remained statistically significant after excluding children’s sam-
ples from the main analysis (k = 11, 99 foci). When adopting a
more restricting inclusion approach (i.e. minimum of five
seed-to-voxel maps, 10 seed-to-ROI) (k = 8, 64 foci), only the
vPCC/PCUN and the right dmPFC were replicated, suggesting
that these clusters were not driven by focused studies. Finally,
removing seed coordinates from seed-to-voxel experiments (k =
15, 96 foci) revealed that the left premotor cortex and both left
and right dmPFC were not driven by seed selection.

After having identified the convergent peaks across experi-
ments (SOI), we were interested in examining their connectivity
targets. Indeed, we meta-analyzed experiments reporting at least
one peak coordinate located within the SOI, to extract brain
regions that significantly coactivate with the SOI. For the left
vPCC/PCUN, 11 independent connectivity experiments were
included, comprising 32 foci. However, no significant dysconnec-
tivity target was found, even when removing adolescent samples
(nine experiments, 28 foci). When examining nodes that were
dysconnected with bilateral dmPFC cluster (eight experiments,

19 foci), we observed significantly decreased connectivity with
the left superior parietal lobule (x =−23, y =−60, z = 59, ALE =
0.026, 136 voxels) (see Fig. 1c). Jackknife analyses replicated
results in six out of eight iterations, suggesting that the reduced
dmPFC-SPL connectivity might have been driven by two studies
out of eight. No additional subanalysis was performed on the
dmPFC due to an insufficient number of experiments. Since the
other SOIs (i.e. left vmPFC, left premotor cortex, left amygdala,
and bilateral dmPFC) comprised too few experiments to achieve
acceptable statistical power (<8 experiments), we did not perform
SBC meta-analyses (Table 1) .

Non-seed-based connectivity
Twenty studies were included in the non-SBC meta-analyses (see
online Supplementary Table S2). However, one study was
removed since the authors failed to provide us their peak coordi-
nates. A total of 453 cases were compared to 460 control subjects
(mean age = 19.61, 15 samples reporting that all participants met
the diagnostic criteria for CD/ASPD).

Non-SBC meta-analyses were performed for both increased
(CP/ASPD > HC: 14 experiments, 42 foci) and decreased rsFC
contrasts (HC > CP/ASPD: 18 experiments, 88 foci) (Table 1) .
ALE meta-analyses revealed significant peak convergence in the
right vPCC/PCUN (in studies reporting increased connectivity)
as well as in the parietal operculum encompassing the posterior
insula, in the right intracalcarine and the left cuneus (in studies
reporting decreased connectivity). When removing experiments
using adult samples, meta-analysis on increased rsFC studies
replicated the vPCC/PCUN (k = 10, 29 foci), while meta-analysis
on decreased rsFC studies (k = 14, 71 foci) replicated results in the
intracalcarine and cuneus (Fig. 2).

Dimensional meta-analyses

A total of 32 studies were included in dimensional meta-analyses
(n = 3787, mean age = 22.87), of which 10 included a measure
related to Hyperactivity/Impulsivity dimension (n = 263, mean
age = 19.15, four SBC studies), 15 to Affective/Interpersonal psy-
chopathic traits (n = 2863, mean age = 23.77, nine SBC studies)
and 20 to Lifestyle/Antisocial behaviors dimension (n = 3462,
mean age = 25.25, 14 SBC studies) (see online Supplementary
Table S3).

Concerning the Lifestyle/Antisocial dimension (k = 20), 11 stud-
ies found positive rsFC associations (62 foci), 10 observed negative
rsFC correlations (45 foci) and four yield no significant result. ALE
meta-analyses revealed that the Lifestyle/Antisocial dimension was
not positively associated with any rsFC but showed a significant
peak convergence in the right vmPFC across studies (negative rela-
tionship). This result was replicated when removing seed coordi-
nates from SBC experiments, indicating that the result was not
driven by seed selection. No additional subanalyses were performed
due to the insufficient number of experiments (<8 experiments).

No analyses were performed on the Affective/Interpersonal
component of psychopathic traits, nor on Hyperactivity/
Impulsivity dimension since they comprised too few experiments
for positive (k = 6, k = 5, respectively) and negative (k = 6 and
k = 3, respectively) relationships.

Additional analyses

Of the 12 studies that have reported the severity of callous-
unemotional traits, only six showed severe levels (see online
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Supplementary Material). Thus, we did not perform any
meta-analysis. Also, 21 experiments (485 cases, 186 foci) reported
a sample comprising at least 50% of early-onset disordered sub-
jects (average 93%, S.D. = 16.8%), whereas nine experiments (296
subjects, 55 foci) reported other samples (adolescent-onset dis-
order or <50% of subjects with early-onset disorder). Meta-
analysis on early-onset disorder replicated results found in the
vPCC, the right parietal operculum/posterior insula, and right
dmPFC. A more detailed description of the results can be
found in online Supplementary Material.

Exploratory analyses

To better interpret our results, we extracted significant
region-of-interest and performed functional characterization
and MACM analyses. Pairwise spearman ρ was carried out
between the MACM map for each ROI. Then overlaps between
MACM maps of our ROIs were examined using a dendrogram
plot (Fig. 3). Further analyses were made to examine MACM cor-
respondence with canonical networks. By investigating brain-wide
coactivation map of each ROI, we observed shared similarities in
MACM maps between the PCC, vmPFC, dmPFC, and amygdala,
which were mainly associated with the DMN. Furthermore, we
showed that the MACM maps of the aMCC/pre-SMA, SPL,
PMC, and CUN were closely related altogether, spanning both
the ventral and dorsal attention networks. Summary of the

MACM analyses is displayed in Fig. 3. See online
Supplementary Fig. 2A–H and Table S2 for detailed information.

Discussion

In this systematic review and meta-analysis of rsFC studies, we
aimed to investigate SBC and non-SBC deficits in individuals
with CP/ASPD, as well as connectivity correlates of psychopatho-
logical dimensions characterizing CP/ASPD. To our knowledge,
this is the first meta-analysis to investigate resting-state functional
connectivity patterns in this population. In the SBC meta-analysis,
comprising 513 cases (18 studies), spatial convergence was
observed in amygdala, the MCC, the vPCC/precuneus, the
vmPFC and dmPFC, and the premotor cortex. Further analyses
were carried out to examine dysconnectivity between two nodes.
We observed that CP/ASPD subjects showed significant reduced
dmPFC-SPL connectivity. Additionally, the meta-analysis on 20
non-SBC studies revealed aberrant peaks in the vPCC/precuneus
(increased connectivity), the parietal operculum, intracalcarine,
and the cuneus (decreased connectivity) in cases compared to con-
trols. Finally, in studies investigating the association between the
severity of lifestyle/antisocial behavior dimension and connectivity
patterns (3462 subjects), significant peak convergence across stud-
ies was observed in the vmPFC (negative correlations).

Here, we used reverse-inference method to examine the rela-
tionship between the dysconnected nodes found in the current

Fig. 1. Seed-based connectivity results: (a) convergent peaks across increased SBC studies: left mid-cingulate cortex and left amygdala; (b) convergent peaks across
decreased SBC studies: left amygdala, left-right dorsomedial prefrontal cortex, left posterior cingulate cortex/precuneus, left vmPFC and left premotor cortex. (c)
Significant reduced connectivity (blue edge) between bilateral dorsomedial prefrontal cortex (yellow: seed) and superior parietal lobule (red: target). CP/ASPD,
conduct problems-to-antisocial personality disorder spectrum; HC, healthy controls.
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meta-analysis and large-scale canonical networks. More precisely,
the co-activation profiles of our findings, provided by the MACM
analyses, suggested that our results were mainly characterized by
networks spanning the DMN and ventral/dorsal attentional net-
works (see Figs 3 and 4). Interestingly, this concurs with the
results of recent studies showing deficits in large-scale networks
(not included in this meta-analysis). Indeed, data from the
ABCD study (n = 9636) indicated that CU traits were negatively
associated with within-network connectivity in the DMN,
whereas the severity of aggressive and delinquent behaviors was
rather associated with connectivity within the Dorsal Attention
Network (Umbach & Tottenham, 2020). Likewise, results from
a recent study revealed negative relationships between physical
aggression and within-network connectivity in the DMN and
the Dorsal Attention Network (Weathersby, King, Fox, Loret, &
Anderson, 2019). This concurs with our exploratory analyses
(ROI-based MACM) indicating that the clusters observed in the
main meta-analysis showed prominent associations with the
DMN and attentional networks. Furthermore, we found reduced
dmPFC-SPL connectivity suggesting that CP/ASPD may display
disrupted connectivity between these networks. Indeed, reduced
anti-correlation between the DMN and the Fronto-Parietal
Network (which spanned both dorsal and ventral attentional

networks) has been observed in CD and was significantly
associated with the severity of CU traits (Pu et al., 2017). Past
results also demonstrated that physical aggression was negatively
associated with a DMN-Ventral Attention anticorrelation
(Weathersby et al., 2019). Finally, altered connectivity between
DMN and brain regions involved in dorsal attention network
(i.e. SPL) was also identified in pedophilic offenders (Cantor
et al., 2016) and correlated with the severity of psychopathic traits
(Dotterer et al., 2020). Hence, through a complementary perspec-
tive to our meta-analysis, these studies also highlighted the crucial
role of brain regions involved in DMN and attentional canonical
networks in the connectivity deficits characterizing CP/ASPD
subjects (Hamilton, Hiatt Racer, & Newman, 2015).

In addition, we found spatial convergence in the amygdala
across both increased and decreased connectivity experiments,
indicating that this particular region may be a crucial node in sub-
jects with CP/ASPD. Despite that the amygdala is not directly
involved in canonical networks, some evidence suggests its asso-
ciation with brain regions subserving the DMN such as the
vmPFC, PCC, dmPFC, and the temporo-parietal junction during
resting-state (Amft et al., 2015; Sylvester et al., 2020). These obser-
vations concur with our MACM exploratory analyses indicating
overlaps in co-activating network (DMN) across the dmPFC,
vmPFC, vPCC, and the amygdala. Moreover, the amygdala and
DMN regions are frequently co-activated in fMRI tasks eliciting
empathy and morality processes (Bzdok et al., 2012).
Interestingly, in such tasks, subjects with CP/ASPD exhibit
numerous dysconnectivities between the amygdala and DMN
regions. Indeed, when viewing facial expressions of negative emo-
tions (e.g. fear), Marsh et al. (2008) observed that youths with dis-
ruptive behaviors and high psychopathic traits exhibited reduced
connectivity between the amygdala and the vmPFC and PCC.
Likewise, reduced connectivity between the amygdala and regions
subserving the DMN were also noticed in moral judgments tasks
(Marsh et al., 2011: vmPFC; Yoder et al., 2015: vmPFC, dmPFC,
PCC) as well as in passive viewing of painful situations caused by
others (dmPFC: Decety et al., 2009). Hence, these results highlight
coupling between the amygdala and DMN regions as a crucial
socio-affective network in the understanding of connectivity func-
tioning in CP/ASPD subjects.

In our meta-analysis, we also found spatial convergence in the
aMCC/pre-SMA, SPL, premotor (frontal eye field), and the
cuneus. These brain regions were further characterized as belong-
ing to attention canonical networks (ventral/dorsal) in our
MACM analyses. Indeed, the aMCC/pre-SMA mostly corre-
sponded to the ventral network, whereas the SPL and premotor
cortex were associated with the dorsal network. Their relation-
ships are unsurprising given that the aMCC/pre-SMA, SPL, and
the premotor cortex (frontal eye field) are frequently co-activated
in tasks requiring attentional processes [e.g. meta-analytical find-
ing: shifting: (Wager, Jonides, & Reading, 2004); sustained:
(Langner & Eickhoff, 2013); oddball: (Kim, 2014); working mem-
ory: (Rottschy et al., 2012)]. More precisely, evidence suggests that
ventral network regions (e.g. aMCC/pre-SMA) may correspond to
a stimulus-driven attentional system, whereas regions subserving
the dorsal attentional network (e.g. SPL, premotor cortex) may
play a crucial role in top-down or goal-driven attentional control
(Corbetta, Patel, & Shulman, 2008; Kim, 2014; Vossel, Geng, &
Fink, 2014). Despite the overutilization of the amygdala as a
seed of interest in CP/ASPD subjects, task-based connectivity
studies nonetheless revealed relevant dysconnectivity with the
aMCC and the SPL. Indeed, past research has shown increased

Table 1. Main results of the meta-analyses

Main peaks

MNI coordinates

ALE VoxelsX Y Z

Seed-based connectivity

CP/ASPD > HC

aMCC/pre-SMA −2 18 40 0.0103 110

Amygdala −22 −6 −18 0.0129 90

HC > CP/ASPD

vPCC/PCUN −4 −44 24 0.0229 227

vmPFC −6 54 −6 0.0210 91

PMC −36 −4 48 0.0162 78

Amygdala −20 −2 −16 0.0158 77

dmPFC −4 50 32 0.0165 77

– 8 52 32 0.0180 71

Non-seed-based connectivity

CP/ASPD > HC

vPCC 4 −44 20 0.019 148

HC > CP/ASPD

CAL 10 −74 16 0.0209 129

OP4 54 −6 16 0.0174 123

CUN −24 −80 40 0.0146 111

Dimensional association with rsFC

Severity of antisocial behaviors (negative association)

vmPFC 6 50 −5 0.0158 78

CP/ASPD, conduct problems to antisocial personality disorder spectrum; HC, healthy
controls; aMCC, anterior mid-cingulate cortex; pre-SMA, pre-supplementary motor area;
vPCC, ventral posterior cingulate cortex; PCUN, precuneus; vmPFC, ventromedial prefrontal
cortex; PMC, premotor cortex; dmPFC, dorsomedial prefrontal cortex; CAL, calcarine cortex;
OP4, operculum parietal (area 4); CUN, cuneus.
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amygdala-aMCC connectivity when CP/ASPD subjects were con-
fronted with negative emotional stimuli such as in moral judg-
ment tasks (Yoder et al., 2015), facial expressions of negative
emotions (e.g. fear) (Marsh et al., 2008), or painful situations
caused by others (Decety et al., 2009). Researchers have also
observed a reduced amygdala-SPL connectivity in antisocial sub-
jects with psychopathic traits during moral judgments tasks
(Marsh et al., 2011; Yoder et al., 2015). Hence, these results also
highlighted deficits in brain regions involved in attentional pro-
cesses, which deserve extensive research.

Recently, researchers have shown that some dysconnectivities
within and between large-scale networks may be transdiagnostic
features. For instance, results from meta-analyses suggest that
DMN dysconnectivity is found in patients with schizophrenia
(Dong et al., 2018), MDD (Kaiser, Andrews-Hanna, Wager, &
Pizzagalli, 2015), obsessive-compulsive disorder (Gürsel, Avram,
Sorg, Brandl, & Koch, 2018), and attention-deficit/hyperactivity
disorder (Sutcubasi et al., 2020). However, psychiatric disorders
may actually differ when examining these abnormalities at a
seed level (Doucet et al., 2020). Indeed, in a recent transdiagnostic
meta-analysis of resting-state connectivity in the DMN, research-
ers have found that deficits in the dmPFC were mainly character-
ized by hyperconnectivity in MDD, whereas deficits in the
precuneus were mostly associated with hypoconnectivity in
schizophrenia (Doucet et al., 2020). In our meta-analysis, we
found that CP/ASPD subjects rather exhibited hypoconnectivity
in the dmPFC, in the most ventral part of the PCC (compared
to the precuneus transdiagnostic cluster) but also in the vmPFC
which negatively correlated with the severity of antisocial beha-
viors. Given that most meta-analyses on resting-state connectivity

used large-scale network approaches, which reduces spatial pre-
ciseness, the comparison of deficits in connectivity found in our
study and other mental illnesses remain challenging.
Nonetheless, several differences are perceivable when comparing
deficits in fMRI co-activation patterns between CP/ASPD subjects
(Dugré et al., 2020) and transdiagnostic maps (Janiri et al., 2020;
McTeague et al., 2017, 2020; Sprooten et al., 2017). For instance,
across emotion processing tasks, transdiagnostic features mainly
involved hyperactivations of subcortical regions (i.e. amygdala,
hippocampus, parahippocampal gyrus) as well as hypoactivation
of vlPFC (McTeague et al., 2020), whereas CP/ASPD subjects
were rather characterized by reduced activation of the anterior
insula and dlPFC (Dugré et al., 2020). Dugré et al. (2020) also
showed that the activity in the amygdala was negatively associated
with the severity of antisocial behaviors and callous-unemotional
traits. Concerning cognitive control tasks, despite that CP/ASPD
subjects and major mental disorders both similarly show hypoac-
tivation in the vlPFC (Dugré et al., 2020; McTeague et al., 2017),
antisocial subjects also display co-occurrent decreased activity
within the premotor cortex and the inferior parietal lobule,
which were not reported as transdiagnostic features (McTeague
et al., 2017). Considering these results, although CP/ASPD sub-
jects may exhibit differences in neural processing compared to
other mental illnesses, more research is needed to better under-
stand their specific or shared deficits.

In sum, various evidence including our functional character-
ization analyses and our exploratory MACM but also past
meta-analyses of fMRI tasks in healthy subjects and task-based
connectivity studies in CP/ASPD subjects showed the involve-
ment of the amygdala, the dmPFC, vPCC, and vmPFC in socio-

Fig. 2. Significant peak convergence across: (a) non-seed-based connectivity studies reporting increased connectivity (i.e. ventral posterior cingulate cortex/pre-
cuneus), (b) non-seed-based connectivity studies reporting decreased connectivity (i.e. parietal operculum, cuneus, intracalcarine), (c) negative relationship
between resting-state connectivity of the ventromedial prefrontal cortex and the severity of lifestyle/antisocial behaviors. CP/ASPD, conduct problems-to-antisocial
personality disorder spectrum; HC, healthy controls.
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affective processes, whereas the aMCC/pre-SMA, SPL, premotor
cortex (frontal eye field), in attention-related processes.
Furthermore, the reduced dmPFC-SPL connectivity found in
our meta-analysis, alongside studies examining between-network
(Cantor et al., 2016; Dotterer et al., 2020; Pu et al., 2017;
Weathersby et al., 2019) or task-based connectivity (Decety et
al., 2009; Marsh et al., 2008, 2011; Yoder et al., 2015), indicated
that CP/ASPD may potentially show deficits in the interaction
between both processes. It is unequivocal that the interaction
between socio-affective and attentional processes in CP/ASPD
subjects needs to be tackled in future studies. It would also be cru-
cial to examine their specific association with specific subtypes of
behaviors (i.e. reactive/proactive aggression v. rule-breaking beha-
viors) but also with callous-unemotional traits. Nonetheless, these
findings support the view that both processes may be crucial to
our understanding of rs-fMRI deficits in individuals at risk for
antisocial behaviors (Hamilton et al., 2015).

Limitations

First, we performed a coordinate-based meta-analysis rather than a
meta-analysis of original statistical brain maps. Although ALE
method yields relatively similar results to image-based meta-analysis
(Salimi-Khorshidi, Smith, Keltner, Wager, & Nichols, 2009), this
could have reduced results accuracy. Second, to achieve 80%
power to detect effects that are present in approximately 1/3 of
the population, a sample size of 17 experiments is required when

using cluster-level FWE (Eickhoff et al., 2016). Second, in analyses
with less than 10 experiments, we performed jackknife reliability
analyses. However, these analyses yield very conservative results in
small datasets (Eickhoff et al., 2016). Indeed, when spatial conver-
gence is detected in two studies out of 7–8 (such as in this
meta-analysis), removing one of the contributing studies undoubt-
edly yields non-significant findings. Third, there is currently no soft-
ware nor gold standard to meta-analyze functional connectivity
studies. Thus, current meta-analytical methods are not designed
to explicitly examine dysconnectivity between two nodes. Despite
our attempt to carry out such analyses (i.e. vPCC and dmPFC), lar-
ger datasets are required to specifically meta-analyze dysconnectivity
between two nodes. Fourth, the meta-analysis on non-SBC connect-
ivity studies included several different methods such as ReHo, ALFF,
and voxel-wise group effects within ICA-derived networks. Given
that there were too few studies per non-SBC methods, we could
not perform a subanalysis on this issue. Fifth, no subanalysis was
performed to investigate high v. low callous-unemotional traits
due to the small number of studies that have used (or reported) psy-
chometric scales measuring this feature. Likewise, there was only a
very limited number of studies that specifically aimed to examine
early v. late-onset disorders (or even reported such distinction).
Additionally, in adults with ASPD, no study reported the mean
age-of-onset of their sample. More importantly, the CD criterion
in ASPD diagnosis suggests the occurrence of CD < 15 years old,
while early-onset CD is generally defined by the appearance of
CD prior to 10 years old (American Psychiatric Association,

Fig. 3. Hierarchical representation of spatial correlations between ROI-based MACM maps and their relationship with Schaefer’s seven intrinsic functional networks.
Dendrogram revealed that the ROI-based MACM maps were distributed in three groups: Group 1 (DMN: PCC, vmPFC, dmPFC, AMY), Group 2 (SomMot: OP4), and
Group 3 (VentAttn, DorsAttn, and Visual: MCC, PMC, SPL, CUN, CAL). The CAL and CUN are shown in a different radar chart (than the MCC, PMC, and SPL) for display
purpose. PCC, posterior cingulate cortex; vmPFC, ventromedial prefrontal cortex; dmPFC, dorsomedial prefrontal cortex; AMY, amygdala; OP4, operculum parietal
(area 4); CAL, calcarine cortex; CUN, cuneus; MCC, mid-cingulate cortex; PMC, premotor cortex; SPL, superior parietal lobule. VentAttn, ventral attention; SomMot,
somato-motor; DMN, default mode network; DorsAttn, dorsal attention.
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2013). We encourage researchers to report the mean age of onset
and levels of callous-unemotional traits in the future. Finally,
since studies used different psychometric scales to assess dimen-
sional associations with rsFC results, we had to merge them based
on three dimensions.

Conclusion

Results from SBC, non-SBC, and dimensional studies indicate
resting-state dysconnectivity indicates resting-state dysconnectiv-
ity in CD/ASPD in several brain regions such as vPCC/precuneus,
vmPFC, dmPFC, premotor cortex, superior parietal lobule, amyg-
dala, MCC, parietal operculum, cuneus, and intracalcarine cortex.
Further examining these regions by functional characterization
and MACM analyses underscores the importance of socio-
affective and attentional processes in characterizing CP/ASPD
population. This meta-analysis offers a complementary perspec-
tive to the emotion-cognition interaction deficits underlying indi-
viduals on the antisocial spectrum. In view of the results obtained
in this meta-analysis, there is a crucial need to investigate neural
signaling directionality between socio-affective and attentional
networks, through effective connectivity methods, to better
understand the interaction between both processes in this popu-
lation. Future studies may seek to examine the specificity of func-
tional connectivity alterations in CP/ASPD subjects compared
with patients with major mental disorders.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291721001525
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