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Objective of the study: 
 
Conduct disorder (CD) is characterized by persistent and pervasive antisocial behaviour which typically 
emerges early in life, usually during childhood or adolescence. Developmental Taxonomic Theory1 suggests 
that there are two pathways by which antisocial behaviour arises, persists and desists, each linked to 
different hypothesized aetiological profiles. ‘Life-course persistent’ (LCP) antisocial behaviour characterizes a 
relatively small group of individuals who exhibit antisocial behaviour beginning in childhood which persists 
through adolescence and into adulthood. It is thought that LCP antisocial behaviour is neurodevelopmental 
in origin, characterized by neuropsychological impairment in executive functions and emotional reactivity. 
On the other hand, ‘adolescence-limited’ (AL) antisocial behaviour describes a comparatively larger group of 
individuals exhibiting such behaviour beginning in adolescence and primarily limited to this developmental 
window2. AL antisocial behaviour is thought to be developmentally normative in most cases, influenced by a 
gap in maturity between biological and social factors during adolescence3,4. In line with the Developmental 
Taxonomy1, studies comparing these subtypes on neuropsychological function have shown that cognitive 
abnormalities are more pronounced in the LCP subtype5,6. Neuroimaging research into the Developmental 
Taxonomy is currently sparse, restricted mostly to studies focusing on a small sample of cognitively able 
adolescents from relatively high socioeconomic backgrounds. The neuroimaging findings (both functional 
and structural) from this sample regarding the Developmental Taxonomy have been mixed, with some 
analyses differentiating the LCP and AL groups, whilst others have not differentiated these individuals by age 
of onset7,8. These results are difficult to interpret given the demographic differences between the 
neuroimaging sample from these studies, and those derived empirically from longitudinal epidemiological 
cohorts.  
 
Our recent work from the Dunedin Multidisciplinary Heath and Development Study9 investigated cortical 
thickness and surface area in individuals with LCP and AL behaviour and found that at age-45, LCP 
individuals showed thinner cortex and smaller surface area compared to those with AL or no antisocial 
behaviour. Here, we propose to extend these findings by comparing volumetric differences in subcortical 
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structures, as well as general functional connectivity (GFC) in these individuals with a longitudinally-assessed 
history of LCP or AL antisocial behaviour. Although structure-function causation cannot be directly inferred, 
previous work in smaller samples7,10 has implicated structural differences in subcortical regions, as well as 
altered connectivity in the Default Mode Network and orbitofrontal-amygdala circuitry,11,12 and it is likely 
that alterations in the structural organization and connectivity of subcortical brain regions influences 
information processing through distributed brain circuitry, particularly given the neuropsychological 
dysfunction that has been proposed in individuals with a history of antisocial behavior and CD10,13. We aim 
to leverage the unique nature of this cohort to investigate whether abnormal subcortical brain structure and 
altered GFC is seen across subtypes or whether such abnormalities are specific to or more pronounced in 
LCP individuals.  
 
Data analysis methods: 
 
Analysis of structural and functional MRI data will be conducted in accordance with existing processing 
pipelines set up by Prof Hariri and colleagues (Annchen Knodt and Maxwell Elliot). Analyses outlined below 
will be conducted comparing groups of LCP or AL individuals as determined by longitudinal reports of 
antisocial behaviour.  A series of analyses on extracted values (calculated per the pipelines outlined above) 
will be conducted comparing trajectory groups of antisocial behavior on: 
 

1. Volumetric differences of subcortical regions of interest (as well as total brain volume) 
2. Whole-brain General Functional Connectivity matrices investigating: 

a. Default mode network 
b. Networks and seed regions implicated in affect processing, violent/aggressive behaviour, 

and decision making (OFC-limbic (e.g. amygdala, striatum) circuitry, within-frontal (e.g. 
dorsal ACC-OFC) circuitry).  

c. A control comparison network (e.g. visual or auditory networks) 
 

All analyses will include males and females and will be controlled for sex. In line with our previous study of 
cortical thickness and surface area in the Dunedin cohort, we will also conduct secondary analyses of total 
brain volume controlling for SES, IQ, history of head injury, and schizophrenia diagnosis to test for 
confounding effects of these factors which may relate to an antisocial lifestyle or might have brought about 
brain changes after childhood. 
 
We will also conduct an exploratory data-driven connectome-wide association study (CWAS) to investigate 
multivariate connectivity patterns across the whole brain that vary with antisocial behaviour trajectory.   
 
Variables needed at which ages: 
 

• Antisocial conduct problems trajectory variable (LCP, AO, low – CDTraj7_26)14,15 
• GFC matrices and extracted subcortical volumes from available regions (GFC from Glasser 

parcellation, subcortical volume from FreeSurfer’s aseg pipeline) 
 
Due to the fact that brain scans were collected at a later time point (age 45) compared to indices of 
antisocial behaviour (assessed at ages 7-26), and in line with our previously published paper from this 
group of study members, it may be beneficial to conduct post-hoc analyses investigating the potential 
confounding impact of the following variables on structural and connectivity findings:  
 
• Childhood SES - SESchildhd  
• Childhood IQ – ChildIQ_STD 
• History of Traumatic Brain/head Injury at age 45 – HeadInjLT45 
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• Lifetime Schizophrenia diagnosis at age 4516 – DxSzLT45 
 

It will also be informative to show the overall demographic, cognitive and psychiatric characteristics of 
each antisocial trajectory group. In addition to the above-mentioned variables, it will therefore be useful 
to include the following variables in a table for each antisocial group:  
 
• Alcohol use history at age 45 
• Age 3 brain integrity – ZCHBR3 
• Childhood diagnosis of ADHD - addliftm  
• P factor scores (including sub-factor scores for internalizing, externalizing, thought disorder) 
• Psychiatric diagnosis at age-45 

 
Significance of the Study (for theory, research methods or clinical practice): 
 
It is unclear based on prior research to what degree the neurocognitive profile differs between LCP and AL 
groups.  Most existing studies lack a reliable assessment of antisocial behaviour and associated brain 
abnormalities across the lifespan. This is due in part to the nature of the samples that have been used in 
existing studies, which is not representative of LCP and AL groups as derived from epidemiological samples. 
The Dunedin Study presents a unique opportunity to combine rich multi-source observational measures of 
behaviour with neuroimaging data to investigate the association between CD subtypes and neurostructural 
and functional connectivity profiles.  
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