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Chapter 7:  
Summary and general discussion
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The general aim of this dissertation was to increase our understanding of the 
neural correlates of several antisocial traits in multi-problem young adults, and 
to assess whether such neurobiological measures could be used to increase the 
prediction of criminal recidivism. Specifically, in a large sample of multi-problem 
young adult men (N = 127, age 18 to 27; drawn from a larger sample of 696 multi-
problem young adults), we collected functional magnetic resonance imaging data, 
electroencephalographical data, and data on the autonomic nervous system (ANS) 
to assess neurobiological functioning across different measurement techniques. We 
investigated how affective callous-unemotional, impulsive and irresponsible, and 
grandiose-manipulative interpersonal psychopathic traits, and reactive and proactive 
aggression within this population are associated with three pertinent processes 
relevant to these issues: moral evaluation, cognitive control, and autonomic nervous 
system functioning. In this final chapter, results of the empirical chapters, scientific 
and practical implications, and suggestions for future research will be discussed.

Multi-problem young adults compared to healthy controls

The control group was age and gender group-matched to the multi-problem young 
adults and selected to have average education. Although the main purpose of 
the inclusion of this control group was to assess task validity of the experimental 
paradigms, comparing the control participants to the multi-problem young adults 
gave additional insights into the difficulties multi-problem young adults present with. 
 We found that multi-problem young adults perform worse than controls 
on various measures. First, in their moral evaluation of situations (chapter 3) they 
were capable of differentiating between immoral situations and nonmoral (but still 
negative) situations, but did so less well than controls. Whereas they rated neutral 
situations the same as controls (i.e. not immoral), they judged immoral situations 
to be less immoral than controls did and judged nonmoral situations to be more 
immoral than controls did. Second, their performance during a cognitive control task 
(chapter 4) was worse than controls, their accuracy on the task was significantly lower 
than that of controls (81% versus 87% respectively). In contrast, their assessment of 
emotions during sad film clips (chapter 5) did not differ from controls. They recognized 
that the boys in the film clips were sad and similar to controls they identified some 
degree of fear and anger. However, controls showed no variation whatsoever in their 
assessment of happiness (each control participant rated no happiness at all), while 
some multi-problem young adults also identified some degree of happiness. This may 
indicate some uncertainty in the multi-problem group with regard to the recognition 
of positive emotions, but this is not possible to assess accurately with the current 
data.
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 We found only few differences between multi-problem young adults and 
controls on the neurobiological measures we assessed. During moral evaluation 
(chapter 3), the groups showed similar neural activity throughout the brain and this 
pattern of activation of both groups was consistent with brain areas implicated in moral 
evaluation by previous research (most relevant are the ventromedial prefrontal cortex 
and superior temporal gyrus; (Garrigan et al., 2016). Likewise, both the functioning 
of the autonomic nervous system in rest and the reactivity of the autonomic nervous 
system to sadness (chapter 5) showed no differences between the groups on any of 
the assessed measures (i.e. heart rate, respiratory sinus arrhythmia, pre-ejection 
period, and skin conductance level). We did find differences between multi-problem 
young adults and controls on one of the neural measures of error processing. Multi-
problem young adults had significantly smaller early brain responses to errors, as 
measured with the error-related negativity, indicating decreased automatic error 
processing. The later, more conscious processing of errors, as measured with the 
error positivity, was not affected in multi-problem young adults. Overall, deficits in 
executive functioning are in line with the literature on antisocial behavior (Ogilvie, 
Stewart, Chan, & Shum, 2011). Specifically, decreased neural early error processing 
may underlie the persistence of disruptive behavior as errors may be perceived or 
experienced as less meaningful (Hajcak et al., 2005). 
 A possible explanation for the diminished differentiation between moral and 
nonmoral events, lesser performance on the error processing task, and decreased 
neural early error processing is the level of intelligence of the population. Although 
we did not assess IQ in the control group, we selected them to have average education 
level and assume they have average IQs, whereas the multi-problem group has a low 
average IQ of 83. Additionally, we found IQ to be significantly related to the rating 
of nonmoral stimuli (r = -.41), to accuracy on the error processing task (r = .32), 
and to the error-related negativity (r = -.19). In all cases IQ was related to better 
performance. However, the comparison of multi-problem young adults to controls is 
complicated by several factors. First, the size of the control group was fairly small 
(N=27), limiting power of the group analyses and one of the major reasons why 
findings should be viewed as explorative. Second, multi-problem young adults are 
a heterogeneous group of people; there exists great variation in the problems they 
present with. Therefore, it is hard to assess to what characteristics the differences 
(and similarities) in behavioral and biological functioning between the groups can be 
attributed. For example, they could be due to differences in externalizing problems, 
differences in childhood adversity, or differences in drug use. However, it is also possible 
that subgroups of multi-problem young adults suffer from different combinations of 
problems and that they perform similar to controls on average, but that different 
clusters of multi-problem young adults present with variant aberrant functioning. It 
is important to realize this can only be studied if research into multi-problem young 
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adults is embedded in a large, population-based study, because as they suffer from 
multiple, interrelated problems there exists no control group that varies on only a 
single or a few parameters. In chapter 2 we showed through cluster analysis that the 
behavior of multi-problem young adults indeed clusters within profiles that differ 
according to the severity and nature of problems, but unfortunately neurobiological 
data on too few participants (127 of 696 participants) was available to assess whether 
these clusters also differed in neurobiological functioning. Such research on a larger 
scale may shed light on the diversity of findings in different antisocial samples.

Neural correlates of antisocial behaviors within multi-problem 
young adults

Dimensional analyses in which three psychopathic traits (chapters 3 and 4) or three 
psychopathic traits and two types of aggression (chapter 5) were employed as 
independent variables revealed limited associations between antisocial behaviors 
and neurobiological functioning. We found relationships between psychopathy and 
brain activity during moral evaluation in several brain areas (chapter 3). Specifically, 
the callous-unemotional trait of psychopathy was related to increased brain activity 
in three a priori regions of interest: the left ventromedial prefrontal cortex, the left 
superior temporal gyrus, and the left cingulate gyrus. For both measures of neural 
error processing (chapter 4) and for baseline activity and reactivity of the autonomic 
nervous system (chapter 5) we found no relations between any of the antisocial 
behaviors and neurobiological measures. 
 Our findings on the moral evaluation task suggest that the affective callous-
unemotional traits of psychopathy may be related to widespread altered activation 
patterns during moral evaluation, rather than more exclusively to the ventromedial 
prefrontal cortex and amygdala as is suggested by theory (Blair, 2007). Other studies 
have found negative relations between amygdala activity and psychopathy in moral 
paradigms, but only in contrast with neutral stimuli (i.e. immoral + nonmoral > 
neutral, immoral > neutral, and nonmoral > neutral contrasts) (Harenski, Edwards, 
et al., 2014a; Harenski, Harenski, et al., 2014; Harenski et al., 2010). A limitation to 
analysis of these contrasts is that it includes the valence (i.e. negative affect) as well 
as the moral value of stimuli, rather than the moral value alone. This complicates the 
interpretation of the association between psychopathy and brain activity, because 
the association may be due the valence, the moral value, or both. It may be the 
case that amygdala dysfunction is relevant to moral processing, exactly because 
it is involved in an affective processing component that is required to make moral 
evaluations. For example, if moral evaluation would (partially) be driven by the 
feeling that something is wrong. Alternatively, it is possible that moral assessment 
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does not require affective processing, but the two are correlated because immoral 
acts have negative valence for most people. Finally, in psychopathy the affective 
process could be less relevant to moral assessment. Which explanations fits best 
requires more specific research, but results from one study in community volunteers 
do suggest that amygdala involvement varies with how emotional the evaluated moral 
situations are and that in psychopathy the amygdala involvement is less (Glenn et al., 
2009a).
 Regarding error processing, our results add to the existing evidence that 
neural early error processing is intact in psychopathy (e.g. Brazil et al., 2009; Maurer 
et al., 2015, 2018), but the null-findings across all three psychopathic factors for 
neural late error processing are harder to interpret. One explanation could be 
that initial error-processing deficits in adolescence (where a negative association 
between late error processing and psychopathy was found previously (Maurer et al., 
2015) change into error-processing overcompensation in adulthood (where a positive 
association between late error processing and psychopathy has been reported (Steele, 
Maurer, et al., 2015). If so, our young adult sample may find itself in this transition. 
Another possibility is that the null-finding is due to the use of a self-report measure 
of psychopathy. One study that compared self-report measures to an interview-
based instrument found a negative relation between neural late error processing and 
psychopathy as assessed by interview, but not as assessed by four different self-report 
questionnaires (Maurer et al., 2018). 
 Likewise, our null-findings for the autonomic nervous system measures 
in relation to all antisocial measures are somewhat puzzling, as aberrant baseline 
autonomic activity is a robust finding in studies of antisocial behavior (e.g. Lorber, 
2004; Ortiz & Raine, 2004; Portnoy & Farrington, 2015). This may partly be explained 
by the fact that effect sizes in adults are approximately twice as small as in children 
(Portnoy & Farrington, 2015) and thus harder to detect. Of course, it is also possible 
that within multi-problem young adults no relation between antisocial behaviors and 
functioning of the ANS exists. This may be the case if aberrant autonomic functioning 
would be present specifically in particular subgroups with more or less extreme 
levels of antisocial behavior. However, as similar relations between ANS activity and 
antisocial behaviors are present in community samples as well as clinical samples 
varying between individuals with behavioral disorders and psychopathic offenders 
(Portnoy & Farrington, 2015) this does not seem likely. Moreover, in chapter 5 we 
showed that baseline heart rate is predictive of criminal recidivism longitudinally 
within multi-problem young adults (also see paragraph ‘Neuroprediction’ below), 
indicating that within our sample it is related to criminal behavior regardless of the 
fact that it is not related to psychopathy or aggression.  
 There are several limitations to be considered with regards to our dimensional 
findings. First, as multi-problem young adults comprise a highly antisocial sample, 
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there is a risk that within the group there exists too little variation on the psychopathy 
and aggression measures or that relatively much of the variation is measuring error 
rather than true variation. However, as the individual scores on the measures span the 
entire range, this does not seem likely. In fact, contrary to expectation, our sample 
of multi-problem young adults has similar psychopathy scores as the admittedly small 
control group. Therefore, one concern was whether the Youth Psychopathy Inventory 
(YPI) was appropriate to use in multi-problem young adults. In chapter 4, we showed 
through confirmatory factor analysis and supporting tests for external validity that it 
is a valid instrument in our sample. 
 Second, the manner in which psychopathy was assessed makes it difficult 
to compare to other research. Whereas a large proportion of studies employ the 
Psychopathy Checklist – Revised or the Psychopathy Checklist Youth Version (Hare, 
2003), that include data from an extensive interview as well as record data, we used 
the YPI (van Baardewijk et al., 2010), which is a self-report measure of psychopathy. 
Although the conceptualizations of psychopathy of different instruments overlap, 
there are some noteworthy differences between various measures. Most importantly, 
whether criminal behavior is viewed as part of the psychopathic construct (Hare 
& Neumann, 2008) or as a common consequence of psychopathy (Cooke & Michie, 
2001). In the YPI, criminal behavior is not included in the definition and thus will not 
capture associations with that behavior. This may partly explain why we have not 
found associations between the YPI and EEG and ANS measures (chapters 3 and 4), but 
have found EEG and ANS measures to be predictive of future delinquency (chapter 5, 
also see next paragraph).

Neuroprediction of delinquency

In chapter 5, we investigated the incremental predictive value of neurobiological 
measures over and above known risk factors for general and serious criminal recidivism 
within multi-problem young adults. From the known risk factors, we found number 
of past offenses, proactive and reactive aggression, and the behavioral psychopathic 
factor to be good individual predictors. From the neurobiological measures, we found 
baseline heart rate, the error-related negativity (ERN), and the positivity error (Pe) to 
be good individual predictors. In the full models, this group of three neurobiological 
variables increased predictive power over and above demographical and behavioral 
measures. Particularly, in the analysis of serious recidivism these measures improved 
the predictive function. 
 Our findings are in line with previous research showing that baseline heart 
rate is a strong predictor of violent delinquency (Latvala et al., 2015). The only other 
study that assessed the predictive value of EEG measures of error processing found 
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no effect for the ERN and a larger Pe to predict delinquency in adult offenders (mean 
age = 32.7; Steele, Claus, et al., 2015). In contrast, we found a smaller ERN and a 
smaller Pe to predict recidivism in young adults, which is in line with the idea that 
diminished error processing, as reflected by decreased neural reactivity, can lead 
to the repetition of problem behavior. As with our divergent findings on the relation 
between psychopathy and the Pe, this is possibly due to the age differences between 
studied samples. Following an earlier study, where activity in the anterior cingulate 
(ACC) during an inhibitory Go-Nogo task was found (Aharoni et al., 2013), we included 
ACC activity from the same region of interest during a similar Go-Nogo task, but did not 
replicate the finding. Before implications from this study are discussed below under 
‘Scientific implications and future research’, I will first argue why a clear distinction 
between practical and scientific implications is essential in scientific research. 
 

On practical implications from cross-sectional and 
neurobiological research

In my view, the practical (e.g. clinical and judicial) implications that can be confidently 
drawn from cross-sectional research in general and neurobiological cross-sectional 
research specifically are limited. Single cross-sectional studies are useful tools in 
prevalence assessment, hypothesis formation, and hypothesis testing, and as such may 
results in scientific or theoretical implications (i.e. implications for scientific research 
and implications for scientific models). However, they do not contribute meaningfully 
to the evidence for causality and cannot help better estimate prognosis (Rothman, 
Greenland, & Lash, 2012). As such, cross-sectional studies shed little light on what 
should be done in practice. Nonetheless, clinical implication sections are common in 
cross-sectional papers, sometimes demanded by journals and for grant applications, 
and I have yet to attend a conference talk discussing cross-sectional neurobiological 
research after which there was no question regarding clinical implications. Although I 
believe translating research findings into daily practice is an essential part of science, 
I argue that researchers should be more aware of the limitations of what follows and 
can (not) follow from their data (see e.g. Ioannidis, 2005). Overinterpretation of 
results can lead to incorrect conclusions, cumulative bad science, and unfounded and 
potentially harmful recommendations. Let me exemplify the issue with a fictional 
situation.
 Suppose a researcher naïve to osteoarthritis, of which the initial major 
symptom is erosion of cartilage, performs research in people with knee pain. He 
assesses a hundred participants with knee pain and a hundred group-controlled 
participants without knee pain, gathers x-ray and magnetic resonance imaging data 
on their knees, and concludes that the cartilage in the knee joints of the participants 
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with knee pain is significantly more eroded than that of the controls. The researcher 
may sensibly reason that as the cartilage is affected, treatment should be focused on 
strengthening the cartilage that is left or regaining the cartilage that is lost, and the 
researcher may incorporate these ideas in his scientific paper as clinical implications. 
However, such a treatment would have minor, if any, effect, because cartilage does not 
regenerate well. Rather, treatment should be focused on strengthening surrounding 
muscle tissue, so that it can lighten the load on the cartilage. It is not that the 
researcher’s reasoning is unsound per se given his findings, but his suggestions are of 
a speculative or hypothetical nature, rather than of an implicative or logical one. It is 
fair to say his findings have scientific implications in the sense that they can provide 
evidence for or imply faults in the scientific model of osteoarthritis. Likewise, in the 
sense that they imply that – given this is the question we want answered – research 
should be performed to test whether it is useful to provide treatment targeting 
cartilage directly. But it does not follow logically from his results that this is what 
should be done in clinical practice. 
 Note that it may be the case that from other research it is already known 
that cartilage is a bad target for treatment, and it may also be known what type of 
treatment is generally useful to treat cartilage-related pain. In that situation the 
implication made by the researcher would be an actual implication in the sense that 
it follows logically from acquired knowledge, but it is based on other research or 
existing knowledge, rather than on the cross-sectional study. Thus, I argue that the 
putative implications from cross-sectional studies are either actually speculations 
(which have value of their own, but should be distinguished from implications), or 
when they are actual practical implications, they do not follow from the research 
presented, but rather from knowledge already present. One exception to this may 
be when cross-sectional studies have negative results. Specifically, when a cross-
sectional study falsifies one of the premises underlying some practical application, 
this could imply that the practice is unsound and should stop being implemented. 
This illustrates how it is easier to disprove than to prove a hypothesis and thus how 
falsification leads to greater certainty than verification (Popper, 1963). Ironically 
though, negative findings are published less often and less quickly than positive 
findings (Fanelli, 2012; Hopewell, Loudon, Clarke, Oxman, & Dickersin, 2009). I 
realize this issue of speculation and implication may seem to border on terminological 
nagging, but I insist there are real consequences to the problem. It is similar to 
researchers overvaluing single-study results (Ioannidis, 2005, 2007) and analogous to 
the lack of understanding of statistics in science, which leads researchers to perform 
‘statistical rituals’ rather than statistical analyses, and draw wrong conclusions from 
their data (Gigerenzer, 2018). I submit that insufficient understanding and improper 
reporting of practical implications can lead to poor and inefficient science (when 
researchers do not grasp well enough what their results mean), less trust in science 
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(when illegitimate claims turn out to be illegitimate in public), and, in the worst 
case, harmful changes to daily practice (when unfounded recommendations have 
unforeseen negative effects).
 One other complicating factor in drawing practical implications is present not 
only in cross-sectional studies specifically, but neurobiological research in general. It 
concerns the translation from (basic) neurobiological function to real-world behavior, 
outcomes, and treatment. This translation is often more complex than for other types 
of research (Marincola, 2003). To continue the example of osteoarthritis, it is a fairly 
simple and direct route from cartilage erosion to knee pain, making it relatively easy 
to assess where in the mechanism one could intervene. But it is a more complex 
and less straightforward route from, for example, increased oxygen saturation in 
particular parts of the brain during a specific moral evaluation lab-setting task to 
callous-unemotional psychopathic traits (chapter 3), let alone how this translates to a 
real-world situation such as performing a criminal act. Due to this translation problem, 
neuroscience has been of limited use in the development of clinically relevant tools 
(Kapur, Phillips, & Insel, 2012) and has generally not improved treatment (Roiser, 
2015). Some researchers have argued the translation problem is largely due to the 
way neuroscience is being performed. They suggest the methodologies are mainly 
of a descriptive rather than an explanatory nature and that a different approach is 
needed (Jonas & Kording, 2017). Others argue larger data sets are necessary to inform 
more complex models of behavior to bridge the gap between basic neuroscience and 
clinical practice (Nachev, Rees, & Frackowiak, 2018; Woo, Chang, Lindquist, & Wager, 
2017). In any case, the translation problem warrants sincere caution in interpreting 
what neuroscientific findings mean and could mean for clinical practice. 

Scientific implications and future research

Reverting to the current thesis, when we conclude from our cross-sectional research 
that multi-problem young adults show aberrant early error processing on a neural level 
compared to healthy controls (chapter 4), it does not logically follow that aberrant 
error processing itself is something we should start treating in this population to make 
any progress with regards to their antisocial behavior or societal problems. There 
exists some evidence that early neural error processing is alterable with specific 
training, although results of various studies have been mixed (Konicar et al., 2015; 
Larson et al., 2013; Saunders, Rodrigo, & Inzlicht, 2016; Schoenberg et al., 2013). 
It may be the case that this is also possible in multi-problem young adults, and that 
an improvement of neural error processing can lead to better outcome. However, it 
may also be the case that error processing deficits are untreatable in this population, 
that if error processing deficits are normalized on a neural level it does not have an 
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impact on behavior and outcome, or that there are other ways that circumvently 
solve the same problem in an easier or better manner. For example, in ADHD research 
a training that robustly improved working memory task performance (Klingberg et 
al., 2005) did not improve real-world outcomes such as school performance (Redick, 
Shipstead, Wiemers, Melby-Lervåg, & Hulme, 2015). As with the fictional example 
of osteoarthritis, rather than having clinical implications, our research leads to new 
hypotheses that have implications for what kind of scientific study to do next; with 
the simplest, sensible, and still speculative reasoning being to investigate whether 
treatment intended to increase error processing can have a positive impact on 
treatment outcome measures. 
 To further our understanding of how neurobiological processes function 
and vary across antisocial populations and behaviors, these processes should be 
investigated from a more developmental perspective. Large and long-term cohort 
studies are needed to assess the development of the relationships between 
antisocial behaviors and neurobiology as these may change over time and vary across 
developmental phases (see chapters 4 and 5). For example, after entering adulthood 
resting heart rate does not change with age (Kostis et al., 1982), but the ERN seems 
to decrease with age (Hoffmann & Falkenstein, 2011), and for the Pe evidence is 
mixed (Davies et al., 2004; Grammer et al., 2014; Santesso et al., 2006). Taking into 
account the natural development of these processes may shed light on why findings 
vary across samples of different ages. In addition, it is relevant to study naturalistic 
samples, such as multi-problem young adults, as neural correlates of behavior in 
clinical samples may differ from neural correlates of behavior measured within 
pertinent samples.
 The findings from our longitudinal study (chapter 6) suggest that adding 
neurobiological measures to risk assessments may be a viable way to improve the 
predictive accuracy of recidivism. As of yet, too few studies have been performed to 
justify implementation of this type of risk assessment in practice, but the empirical 
evidence for such risk assessment is growing. As it likely partly captures a different 
part of the prediction than known risk factors such as history of delinquency and drug 
use contain, neurobiological measures have the potential to significantly increase 
the quality of risk assessment in judicial practice. Such neurobiologically informed 
assessment may be useful in decision making processes, for example regarding 
treatment and probation. Importantly, whereas when we try to understand the 
relationship between neurobiology and antisocial behavior, it is essential that we 
improve our mechanistic understanding; when we merely use neurobiological measures 
as tools to predict antisocial behavior, it is initially unnecessary to understand how 
and why this is the case (Moons, Royston, Vergouwe, Grobbee, & Altman, 2009). Given 
that our mechanistic understanding of these processes is still limited, I expect this 
type of predictive modelling to be one of the most rational and effective ways of 
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implementing neurobiological research for clinical and judicial practice in the short 
term. 
 In addition to whether prediction models that include neurobiological 
measures can perform sufficiently reliable, it is relevant to assess how feasible it is to 
acquire such data outside laboratory setting and without too high costs. For example, 
even if an fMRI measure would robustly add to the predictive power of a model for 
delinquency, its high cost and complex equipment limit its usability in many settings. 
In contrast, basic ANS measures are fairly easy to acquire, little expertise is needed, 
and they are very cheap. EEG measures are of intermediate feasibility, requiring 
more data processing before providing usable variables. Finally, future predictive 
studies should incorporate basic ANS and EEG measures as these are most feasible 
and results need to be replicated. Studies should be performed in larger and cross-
validated samples to assess robustness of the predictive model, and take place in 
settings in which actual implementation could take place, such as prisons.


