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Introduction: During childhood, the brain develops into specialized functional neural networks (i.e., interactive 
collections of brain regions) to manage daily cognitive needs, such as motor movements or attention [1]. When 
networks deviate from typical development, the resulting dysfunction is thought to contribute to varying forms of 
psychopathology [2,3]. Thus, childhood networks are crucial for our understanding of neurodevelopment. 
However, research has been limited by the use of small sample case-control studies, in which healthy controls are 
compared to individuals with categorically defined disorders. This reliance on discrete diagnostic categories 
overlooks: 1) the potential for psychological comorbidity; and 2) that psychological symptoms exist on a spectrum 
rather than finite groupings [4]. To combat these limitations, the present study examined functional network 
attributes in the context of a hierarchical model; this model identifies a common factor of general 
psychopathology (p factor) as well as variance specific to three dimensions of psychopathology (internalizing, 
conduct problems, and attention-deficit/hyperactivity disorder; ADHD) [5]. 
 
Methods: We conducted an exploratory analysis on a large sample of children ages 9 to 10 years from the 
Adolescent Brain and Cognitive Development Study® (N = 3,568). Further, we derived neurobiologically 
interpretable metrics of network properties using graph theory, a mathematical framework which quantifies the 
efficiency by which neural information is exchanged within networks (locally) and between networks (globally) [6]. 
Using these metrics, we examined the association between four dimensions of psychopathology and network 
properties at rest and during tasks of reward processing, inhibition, and working memory. 
 
Results: After correcting for multiple comparisons, results demonstrated multiple significant associations between 
the specific factor of ADHD and atypical network properties. Consistent across rest and tasks, greater ADHD 
symptoms were associated with lower modularity, suggesting a reduced ability to form distinct hubs of 
information exchange. Further, greater ADHD symptoms were associated with reduced within-network efficiency 
(via lower local efficiency and greater average shortest path length metrics) of the subcortical cerebellar, medial 
frontal, and motor networks during cognitive tasks. Notably, no consistent associations were found between 
network metrics and the other psychopathology dimensions. 
  
Discussion: Because ADHD is commonly comorbid with other disorders, it is particularly important to examine 
symptoms and neural characteristics specific to ADHD. Our dimensional model disentangles the variance unique to 
ADHD from the common variance shared across psychopathology symptoms to examine its associated network 
properties. Findings indicate nonoptimal short-range communication and a lack of distinct information hubs 
specific to those with greater ADHD symptoms. Using a large sample size and powerful dimensional and graph 
theory frameworks, we ultimately illustrate deficits in within-network communication may be a neurobiological 
marker of ADHD. 
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