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Abstract 
 
Impulsivity is a multifaceted construct that typically increases during adolescence and is implicated in risk 
for substance use disorders that develop later in life. Here, we take a multivariate approach to identify latent 
dimensions of impulsivity, broadly defined, among youth enrolled in the Adolescent Brain and Cognitive 
Development (ABCD) study and explore associations with individual differences in demographics, 
substance-use initiation and canonical resting state networks (N=11,872, ages ~9-10). Using principal 
component analysis, we identified eight latent impulsivity dimensions, the top three of which together 
accounted for the majority of the variance across all impulsivity assessments. The first principal component 
(PC1) was a general impulsivity factor that mapped onto all impulsivity-related assessments.  PC2 mapped 
onto a ‘mixed’ impulsivity style related to both poorer, less attentive performance on the SST and decreased 
delay discounting. PC3 linked externalizing behaviors across multiple measures with indices of delay 
discounting, making delay discounting the only impulsivity-related assessment to load on all three of the 
top PCs. Multiple impulsivity PCs were significantly associated with subsequent initiation of alcohol and 
cannabis use. Finally, we found both cross-sectional and longitudinal associations between the PCs and 
functional connectivity between and within frontoparietal, cingulo-opercular, and default mode networks. 
These data provide a critical empirical baseline for how facets of impulsivity covary in early adolescence 
which may be tracked through future waves of ABCD data, enabling longitudinal elucidation of how 
dimensions of impulsivity interact with other individual and environmental factors to influence risk for 
substance use later in life. 
 
 
Keywords: substance-use risk, connectivity, impulsivity, delay discounting, inhibitory control, positive 
and negative urgency  
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Introduction 

Impulsivity encompasses a diverse set of interrelated behaviors, including acting without thinking, 

taking excessive risks, and struggling with delayed gratification [1-6]. Impulsivity typically increases 

during adolescence as part of normative development. This development, along with co-occurring 

neurodevelopmental changes, subserves increases in risk-taking behaviors during this time [7, 8]. Risk-

taking behaviors during adolescence manifest in diverse ways but, in some individuals, include 

experimentation with alcohol and drugs-of-abuse. Thus, as earlier ages of initiation of substance-use are 

associated with significantly increased risk of later development of a substance-use disorder (SUD), 

adolescence is a critical time of increased vulnerability for addictions and associated negative sequalae [7].  

While associations between heightened impulsivity and substance-use and other risk behaviors in 

youth are well-established, few studies have systematically assessed different facets of impulsivity in a 

large cohort of youth, in large part due to limited population-level data. The ongoing Adolescent Brain and 

Cognitive Development (ABCD) study [9, 10] for the first time enables such assessment of impulsivity’s 

multidimensional structure in a large developmental cohort recruited from diverse sites with harmonized 

assessments. Here, we use principal component analysis (PCA) to identify latent dimensions of impulsivity, 

broadly defined, using a wide collection of impulsivity-related assessments from the first wave of ABCD 

data collection. In doing so, we aim to provide an empirical baseline via which impulsivity may be tracked 

in later waves, to characterize associations with subsequent substance-use initiation, and to explore 

associations with individual differences in patterns of brain functional connectivity. 

 Multiple well-established measures of different aspects of impulsivity exist; however, little is 

known about the precise relationships between these interrelated, yet partially distinct, impulsivity 

measures in youth. ABCD includes a diverse collection of commonly administered self- and observer- (e.g., 

caregiver) reports and behavioral measures related to impulsivity. Behavioral tasks, such as the stop signal 

task [SST; 11] and delay discounting task [12], measure response and choice impulsivity, respectively [13]. 

The Behavioral Inhibition/Activation System (BIS/BAS) scales [14] measure avoidance-related and 

approach-related impulsivity tendencies, respectively, and the Child Behavior Checklist [CBCL; 15] 
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assesses, among other domains, externalizing problems theoretically related to impulsivity. The UPPS-P 

Impulsive Behavioral Scale [16] measures five facets of impulsivity including sensation-seeking, 

perseverance, premeditation, and positive and negative urgency. Here, we leverage the unprecedented 

ABCD dataset to employ a multivariate analysis approach to investigate the relationships between these 

impulsivity-related measures. 

 Prior work indicates that dimensions of impulsivity may be differentially associated with specific 

adolescent risk behaviors, and that the strengths of these associations may further differ as a function of 

both clinical presentations and basic individual difference factors. For example, a recent literature review 

[17] found that non-planning and affect-based impulsivity measures—but not motor and choice impulsivity 

measures—were linked to an increased likelihood of substance-use initiation, whereas increases across all 

four domains were observed among youth with conduct disorder (CD) [18]. Moreover, demographics and 

familial factors can moderate the relationship between impulsivity and outcomes. For example, recent work 

indicates that sex significantly moderates the relationship between impulsivity and negative consequences 

due to cannabis use in young adults [19]. Given the interactions between various impulsivity dimensions, 

substance-use, and demographic factors, as evidenced by previous studies, we here consider these core 

individual difference factors in relation to identified latent dimensions of impulsivity.  

 Furthermore, as individual differences in neurodevelopment are posited to be central to individual 

differences in risk-taking behaviors, we further tested for associations between impulsivity dimensions and 

functional network metrics. While predominant theories of risk behaviors during development typically 

emphasize a developmental ‘mismatch’ between ‘top-down’ prefrontal cortical inhibitory control regions 

and ‘bottom-up’ subcortical reward regions, some recent data challenge this assumption [20-22]. In 

addition, insights from connectivity-based analysis approaches indicate that normative maturation involves 

complex network-level changes, rather than simple regional development [23-26]. To test the relevance of 

individual differences in large-scale neural networks in conferring individual differences in impulsivity in 

youth, we therefore focused on three ‘canonical’ neural networks that, together, are theorized to be critical 

to basic mechanisms such as attention shifting and resource allocation—namely the frontoparietal, default 
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mode, and cingulo-opercular networks [27]. These three networks not only subserve important mental 

processes, including working memory, self-referential mental processes, and the detection of motivationally 

salient information, but they are also suggested to function in an interconnected manner wherein alterations 

in engagement and/or disengagement of one of these three networks may subserve cognitive dysfunction 

and risk for psychiatric disorders including SUDs [28-31]. A better understanding of how functional 

connections within and between these networks are associated with facets of impulsivity during adolescence 

(as well as the longitudinal trends of these associations) may inform neurodevelopmental models of risk for 

impulsivity-related psychopathologies.  

 To achieve the above aims, we apply principal component analysis to impulsivity-related 

assessments included in ABCD and characterize associations between identified latent components and 

individual difference factors including future substance-use initiation and brain network properties. Our 

aim was to disentangle the different facets of impulsivity and to elucidate the complex relationships among 

these factors while also assessing the status of some outstanding questions related to impulsivity measures 

in this cohort. We predicted that PCA would identify multiple dimensions of impulsivity, which would 

differentially map onto individual difference factors. Specifically given the tight association between 

impulsivity and substance use among adolescents, we predicted that multiple dimensions of impulsivity 

would be significantly associated with measures of alcohol- and cannabis-use initiation. Finally, we also 

predicted that the impulsivity dimensions identified at baseline would be associated with connectivity 

within and between frontoparietal, cingulo-opercular, and default mode networks, both cross-sectionally 

and longitudinally.  

 

Methods 

 An overview of the sample, measures, and methods used in this study can be found in Figure 1.  

Adolescent Brain and Cognitive Development (ABCD) study 

Data were obtained from the ABCD study [9] release 4.0 through the National Data Archive in 

adherence to the stipulations outlined in the data use agreement (NIMH Data Use Agreement #13967). The 
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ABCD study encompasses a sample of 11,872 children, with participants first assessed between the ages of 

8 and 11. Demographic characteristics of this sample are shown in Table S1.  

 

 

Impulsivity-related assessments 

Here, we take a broad approach to impulsivity, selecting multiple measures in ABCD with high 

theoretical relevance to impulsivity and to impulsivity-related disorders. At the behavioral level, this 

included performance data from the SST and the delay discounting task. The SST [11] is a well-validated 

task for assessing inhibitory control through a series of GO and STOP trials, where participants must quickly 

respond to GO signals and inhibit their response when a STOP signal appears.  Delay discounting measures 

the preference for sooner, smaller rewards over later, larger rewards [12]. In the ABCD study, this construct 

is assessed through a computer-based task where participants make forced choices between immediate and 

 

Figure 1. An overview of the data selected from the Adolescent Brain and Cognitive Development 
(ABCD) study, research questions and data analytic approach. We applied principal component analysis 
(PCA) to a range of impulsivity-related measures, broadly defined, to identify latent dimensions of 
impulsivity within the ABCD data set. We then examined the relationships between the top three identified 
impulsivity PCs and variables related to basic individual difference factors, substance use, and functional 
connectivity among well-established canonical networks via linear regression analyses. 
 
 

Data from ABCD
Participants: 11872 children (age: 8-11 years old) 
across 21 sites in the U.S.
Impulsivity-related measures:
• Adolescent and caregiver reported impulsivity-

related measures: ADHD and externalizing 
measures from CBCL, BIS/BAS, UPPS-P
• Impulsivity-related behavioral task 

performances: Stop signal task (SST) , Delay 
discounting task

Demographic variables:
• Highest level of caregiver education
• Household annual incomes
• Sex at birth
• Age (months)
• Caregiver marital status
Substance-use measures:
• Alcohol use: timeline follow-back, iSip
• Cannabis use: timeline follow-back, qualitative 

substance-use interview, urine-, saliva-, and hair-
toxicology

Brain functional connectivity measures:
• Baseline and two-year follow-up
• Defined by Gordan atlas
• Within and between default mode, frontoparietal, 

cingulo-opercular

Research questions and approach

Linear 
Regression

Demographics Substance use Brain functional 
connectivityPC 1

PC 2

1. What are the latent dimensions of impulsivity in 
ABCD?

2. How do these latent dimensions of impulsivity 
relate to individual differences in demographics, 
substance-use initiation and brain functional 
connectivity in key canonical networks?

Adolescent and caregiver 
reported measures

Behavioral task 
performances

Impulsivity-related measures: Principal
Component

Analysis (PCA)

PC 1

PC 2
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future rewards, with the task scored by seven indifference points that estimate the participant’s subjective 

value of a future reward at delays ranging from six hours to five years.  

The adolescent- and caregiver-reported impulsivity-related measures included are from the 

BIS/BAS, and UPPS-P and CBCL. The BIS/BAS scales [14] comprise a 24-item self-report questionnaire 

that assesses the behavioral inhibition and activation systems, which regulate responses to aversive and 

rewarding stimuli and which map onto a BIS subscale and three BAS subscales: Drive, Fun Seeking and 

Reward-Responsiveness. The UPPS-P is a 59-item self-report questionnaire that assesses five dimensions 

of impulsivity: positive urgency, negative urgency, premeditation, perseverance, and sensation seeking. All 

five subscales from the UPPS-P were included in the current analysis. The CBCL is a 113-question 

caregiver-reported assessment that evaluates a child's psychological and behavioral functioning using a 

three-point Likert scale across eight domains and six diagnostic categories. While the CBCL is not a 

traditional impulsivity assessment per se, we here include age- and sex-normed t-scores from the ADHD, 

attention, and externalizing domains from this measure, given the high relevance of these constructs to 

impulsivity.  

 

Principal component analysis (PCA) 

We performed PCA to identify the main axes of shared co-variation across the above described 28 

impulsivity-related assessments. PCA simplifies complex data by combining statistically related features 

into fewer, more manageable elements, i.e., principal components (PCs). Each observation is then recast as 

a linear sum of these PCs. This process simplifies the data by reducing each point to a small vector of 

coefficients. This approach is consistent with prior work using PCA to delineate the structure of cognitive 

measures in ABCD [34]. Additional details on data scaling, dummy coding and dealing with missing data 

are provided in the Supplemental Materials. 

One potential weakness of ‘standard’ PCA is that it does not distinguish between PCs that result 

from true vs. spurious correlations among variables [35]. In addition, traditional methods for selecting 

which PCs are relevant, and methods for deciding which variable loadings within each PC are relevant, 
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typically use ad hoc thresholds [36]. To circumvent these limitations, we used the PCATest library [37] in 

R [38], which tests the overall PCA, the explained variance of each PC, and the strength of each variable’s 

loading (i.e., its weight or coefficient on the PC) against permutation-based estimates of null distributions. 

The false discovery rate (FDR) for significance testing of the PCs and loadings was controlled using the 

Benjamini-Yekutieli procedure [39], with FDR set at q=.05 (i.e., we expect 5% of significant findings to be 

false positives). 

 

Associations between latent impulsivity dimensions and substance-use, demographic variables and 

brain networks 

To maximize the number of participants with substance-use for data analysis, we analyzed the 

alcohol- and cannabis-use variables from data release 5.1, corresponding to data collected through age 13-

14. Alcohol-use is assessed with both a timeline follow-back and the alcohol sipping survey ‘iSip’ [40]. 

Due to the low prevalence of adolescents who report consuming a full drink of alcohol, and the negative 

effects associated with sipping alcohol during adolescence [40], the iSip inventory is used to measure low-

level use behaviors. For the present study, an adolescent is determined to have used alcohol if they reported 

at least one sip by the 4-year follow-up for non-religious purposes. This includes reports of a sip or drink 

during the mid-year phone interviews (i.e., 6-month, 18-month, 30-month, 42-month). As of the 5.1 release, 

approximately half of the cohort had available iSip data for year four. For those without available year four 

data, alcohol use variables are calculated based on data through the 3-year follow-up, including mid-year 

interviews. Cannabis-use is assessed with a combination of data from timeline follow-back, qualitative 

substance-use interviews, and urine-, saliva-, and hair-toxicology (hair toxicology not available for all 

participants). For the present study, an adolescent is determined to have used cannabis if any of these 

measures indicated cannabis-use up to and including the year-four follow-up. Demographic variables 

included: highest level of caregiver education; household annual incomes in ranges of less than $50,000, 

between $50,000 and $100,000, and greater than $100,000; sex at birth; age in months; site; and caregiver 

marital status.  
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Functional connectivity data from baseline and two-year follow-up was obtained from the curated 

data release of the ABCD Study [41]. Functional connections of interest included those within and between 

default mode, frontoparietal and cingulo-opercular networks, as defined by the Gordon atlas [42]. We 

followed the ABCD-recommended image inclusion criteria to exclude neuroimaging data of poor quality, 

resulting in N=9601 and N=6929 for baseline and two-year follow-up assessments, respectively. Note that 

not all data for the two-year follow-up is available in release 5.1, hence the smaller sample size. 

 

Results 

Latent dimensions of impulsivity 

As shown in the scree plot in Figure 2, PCA results indicated that the data were correlated above 

chance (p<.001) but were not from a single latent variable, consistent with the current understanding of 

impulsivity as a multi-dimensional construct [43]. In typical unitary data structures, a sharp inflection or 

“elbow” in the scree plot—where the variance explained by each successive PC markedly declines—is used 

to distinguish meaningful components from noise [35].  In contrast, the present data deviated from this 

pattern. The scree plot did not display a clear elbow, and the first two PCs accounted for nearly equal 

proportions of variance (13.0% and 12.4%, respectively), with the first PC explaining far less than the 

majority of variance. These features suggest that the data do not cohere around a single dominant factor. 

Given that the overall PCA structure supported our hypothesis of multidimensionality, we next examined 

the characteristics of individual PCs. 

Eight PCs accounted for statistically significant (q<.05) portions of the total variance as determined 

by permutation testing and as displayed in the scree plot in Figure 2, together accounting for 65.3% of the 

variance. Explained variance ranged from 13.0% for PC1 to 4.1% for PC8. Below, we focus on findings 
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from PCs that each accounted for at least 10% of the variance; i.e., PC1, PC2 and PC3 (which together 

account for 35.9% of the total variance; details of PCs 4-8 in Table S2 and in the SI).   

 

Loadings for the first three PCs are in Figure 3. PC1 included variables from all impulsivity-related 

assessments (though not all subscales), such that higher scores on this primary axis-of-covariation 

corresponded to more positive results for variables such as UPPS-P subscale scores and numbers of 

incorrect STOP trials on the SST and to more negative values for delay discounting indifference points (i.e., 

increased delay discounting). PC2 was entirely composed of behavioral task variables and revealed a mixed 

component of impulsivity characterized by poorer SST performance, including both longer RTs and lower 

accuracy, but decreased delay discounting. PC3 captured shared positive associations between all three 

CBCL scales (i.e., ADHD, externalizing, attention) and, not surprisingly, externalizing domains of 

BIS/BAS and UPPS-P scales (i.e., fun-seeking, reward-responsiveness, drive, positive and negative 

urgency). Interestingly, this component also included multiple delay discounting variables, making delay 

discounting the only assessment to load significantly on all three of the top PCs.  

 

Figure 2. The percent of variance explained by the principal components of the actual data (black line) 
versus the permutated data (grey line). We did not observe a sharp bend or “knee” at the boundary 
between PCs that explain a large proportion of variance versus those that do not, indicating that the data 
does not “hang together” as a unitary construct, consistent with current theories of impulsivity as a 
multidimensional construct. The first eight PCs emerged as significant as determined using permutation 
testing. 
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Relationships with substance-use, demographic variables and brain networks  

 PC scores for each of the eight significant PCs were calculated for all participants and entered into 

linear regression to determine relationships with substance-use and demographic variables. There were 288 

total comparisons (eight PCs by 36 variables per regression), of which 92 were significantly different from 

zero (q<.05). Coefficients are listed in Table S3, and significant coefficients for the first three components 

are shown in Figure 4. Consistent with our hypothesis, the first three PCs were significantly associated with 

alcohol use initiation. Standardized regression coefficients for alcohol initiation on the first three PCs were 

.074, -.074, and .097, respectively. PC1 and PC3 were significantly associated with cannabis-use initiation, 

with standardized regression coefficients of .049 and .094, respectively. Thus, PC1 and PC3 were each 

positively related to both cannabis and alcohol initiation, while PC2 was negatively related to alcohol 

initiation. Sex at birth and age at baseline were significantly related to PCs 1-3. We also observed household 

 

Figure 3. Loading coefficients for impulsivity-related measures onto the top 3 principal components. 
Colored bars indicate significant loading coefficients, and white bars indicate non-significant loading 
coefficients. PC1 had significant loadings from at least one variable from each measure; PC2 was 
entirely composed of behavioral task variables and revealed a dimension-of-covariation ranging from 
negative loadings for total correct ‘stops’ to positive loadings for total incorrect ‘stops’ on the SST, with 
delay discounting measures in between these two extremes; PC3 captured shared positive associations 
between all of the three CBCL scales (i.e., ADHD, externalizing, attention), externalizing domains of 
BIS/BAS and UPPS scales, and multiple delay discounting variables. 
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yearly income (>$50,000/year) and caregiver education (Post-Graduate, >=Bachelor’s) to be negatively 

associated with PC1. Caregiver marital status was unrelated to any dimension.  

 

 Finally, we tested for an association between the top three PCs and all combinations of connectivity 

between and within default mode, frontoparietal, and cingulo-opercular networks at baseline and at 2-year 

follow-up assessments (Bonferroni corrected; Figure 5). PC1 was positively and significantly associated 

with functional connections between the frontoparietal and cingulo-opercular networks, and between 

cingulo-opercular and default mode networks, and negatively associated with within-network connections 

in the frontoparietal, default mode, and cingulo-opercular networks. These relationships were observed both 

at the baseline and at two-year follow-up assessments, indicating potential stability of these relationships 

over time.  PC2 was associated with connectivity between frontoparietal and default mode network at 

baseline but not at the two-year follow-up assessment. PC3 shared similar patterns of associations as PC1 

 

Figure 4. Regression coefficients between principal components and substance use and demographic 
variables. Colored/darkened bars indicate significant regression coefficients, and white bars indicate 
non-significant regression coefficients. PC1 and PC3 were each positively and significantly related to 
both cannabis and alcohol initiation, while PC2 was negatively and significantly related to alcohol 
initiation, but not cannabis initiation. Sex at birth and age were significantly associated with all three 
PCs. Household yearly income (>$50,000/year) and caregiver education (Post-Graduate, >=Bachelor’s) 
were negatively associated with PC1. Caregiver marital status was unrelated to any dimension. The false 
discovery rate (FDR) for significance testing of the PCs and loadings was controlled using the 
Benjamini-Yekutieli procedure with FDR set at q=.05 
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at baseline, but the associations were less consistent longitudinally, with only the positive associations 

between cingulo-opercular and default mode network, and the negative associations within the 

frontoparietal and default mode networks remaining significant at the 2-year follow-up assessment. 

Additional results from a partial correlation analysis (controlling for motion during scanning) are included 

the Supplemental Materials but left primary findings unchanged. 

 

Discussion 

 This study sought to characterize latent dimensions of impulsivity among youth in the ABCD study, 

an unparalleled sample of >11,000 young adolescents. It further tested whether identified dimensions map 

on to individual differences in substance-use initiation (one of the prototypical risk behaviors commonly 

observed during adolescence), demographic, and brain network variables. We identified eight PCs that 

accounted for a statistically significant portion of the variance structure across the 28 impulsivity-related 

variables included in ABCD’s assessment battery, confirming that impulsivity is a multi-dimensional 

 

Figure 5. a.  Correlation coefficients between the top three principal components and all possible 
combinations of connectivity between and within default mode, frontoparietal, and cingulo-opercular 
networks at baseline and at 2-year follow-up assessments. Bold font indicates that the coefficient is 
significant after controlling for false discovery rate. Both at baseline and at two-year follow-up 
assessments, PC 1 was positively and significantly associated with functional connections between the 
frontoparietal and cingulo-opercular networks, and between cingulo-opercular and default mode 
networks, and negatively associated with within-network connections in the frontoparietal, default 
mode, and cingulo-opercular networks.  PC 2 was associated with connectivity between frontoparietal 
and default mode networks at baseline but not at the two-year follow-up assessment. PC 3 shared similar 
patterns of associations as PC 1 at baseline, but the associations were less consistent longitudinally. 
Bonferroni-corrected p<.05. b. A schematic representation of the significant associations found between 
the PCs and the functional connections tested.  
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construct. As above, here we focus on findings related to the first three of these components, which together 

accounted for the majority of variance, while an expanded discussion that includes the remaining five may 

be found in the SI.   

 PC1 included variables from all impulsivity-related assessments (though not all subscales). This 

PC, which may be thought of as a sort of ‘general impulsivity’ dimension, captured common facets of 

impulsivity, including self-/caregiver-reports related to motivation and urgency that often influence 

decision-making processes [44, 45] and social interactions [46-48], as well as performance on behavioral 

tasks. Adolescents with higher scores on PC1 exhibited heightened levels of externalizing behaviors, as 

indicated by significant positive loadings on the ADHD, attention, and externalizing subscales of the CBCL. 

Individual differences on in this primary impulsivity dimension were further linked to future patterns of 

substance-use, as assessed over subsequent waves of ABCD data collection, such that higher scores on PC1 

were positively associated with the likelihood of both cannabis- and alcohol-use initiation.  

 PC2 was composed exclusively of behavioral task variables and reflected a dimension of 

covariation ranging from negative loadings for total correct stops to positive loadings for total incorrect 

stops on the SST, with delay discounting measures loading in between these two extremes. Thus, unlike 

PCs 1 and 3, for which increased loadings may be interpreted as indicative of increased impulsivity, PC2 

emerged as a ‘mixed impulsivity’ component, such that higher loadings on this dimension were associated 

with poorer SST performance and decreased delay discounting (i.e., higher indifference points). 

Interestingly, PC2 was the only of the top three PCs to emerge as a negative predictor of alcohol-use 

initiation.  

PC3 reflected a common dimension linking elevated scores across all three CBCL scales (ADHD, 

externalizing, and attention problems) with higher levels of externalizing tendencies on the BIS/BAS and 

UPPS-P measures (i.e., fun-seeking, reward responsiveness, drive, and urgency). Notably, this component 

also encompassed several delay discounting indices, distinguishing delay discounting as the only 

assessment domain to show significant loadings across all the first three principal components. However, 

somewhat paradoxically, participants with higher scores on PC3 displayed increased expression of 



externalizing behaviors, broadly defined, yet exhibited an increased tolerance for reward-delay—

particularly over longer time intervals (i.e., months to years, not days)—indicating decreased delay 

discounting. This seemingly discrepant result raises an important consideration: prior studies have 

suggested that, in younger adolescents, delay discounting may reflect planning ability more than 

impulsivity, due to decreased orienting toward the future in younger versus older adolescents [49, 50]. Thus, 

it is possible that this counterintuitive finding may be driven by decreased orienting or planning over longer 

time intervals (as shorter delay discounting windows did not load on this PC). In line with this interpretation, 

PC3, as with PC1, was a positive predictor of both alcohol- and cannabis-use, broadly consistent with 

general conceptions of impulsivity as a risk factor for earlier ages of substance-use initiation. 

Among the demographic variables examined, sex at birth and age in months showed the most 

widespread associations across the components, underscoring their broad relevance to individual 

differences in this dataset. Socioeconomic indicators and parental features, including higher household 

income and caregiver education, were further negatively associated with PC1, suggesting this dimension 

may capture variability linked to socioeconomic disadvantage. In contrast, caregiver marital status did not 

relate to any of the identified components. Interpretation of basic demographic variables within this context 

is challenging, in part due to the complexity of the ABCD dataset itself. Further analysis, powered to assess 

interactions between variables—i.e., the interconnected nature of social identities—is needed to 

contextualize these and other findings [51]. For example, our analyses revealed effects of site on PCs (see 

SI), consistent with prior PCA work focused on cognition in ABCD [34]. However, given the complexity 

of interpreting site effects, race/ethnicity effects and effects related to parents’ country of origin within 

ABCD as solitary variables—and without careful consideration of interactions across and between other 

core features [52]—we believe that interpretation of such effects is as beyond the scope of the present 

investigation. For example, site may be related to several confounding variables that might affect 

impulsivity, such as access to nature [53] and ozone exposure [54]. In addition, as our prior work indicates 

significant effects of social determinants of inequity in the ABCD sample [55], we here did not explore 

effects related to race and ethnicity in the current manuscript as we do not believe we would be sufficiently 



powered to explore critical issues of intersectionality pertinent to appropriate interpretation of these 

variables [51].  

To ground the identified latent impulsivity dimensions in a neurodevelopmental framework, we 

further explored associations between the top three PCs and functional connectivity within and between 

three large-scale neural networks, i.e., default mode, frontoparietal, and cingulo-opercular networks, 

previously linked to transdiagnostic features of impulsivity in a smaller neurodevelopmental cohort [56]. 

We found that PC1 was positively associated with increased connectivity between the cingulo-opercular 

and frontoparietal networks, as well as between the cingulo-opercular and default mode networks, but not 

between the frontoparietal and default mode networks. This pattern aligns with prior evidence indicating 

that the cingulo-opercular network plays a regulatory role in modulating engagement of the other two 

networks—a function that may be particularly relevant to impulsivity-related phenotypes [57].  We also 

found the associations between PC1 and these functional connections to be relatively stable longitudinally, 

highlighting the potential relevance of these connections for the neurodevelopment of impulsivity-related 

psychopathologies during adolescence. In contrast, associations between connectivity patterns and PCs 2 

and 3 exhibited less consistency over time, raising the possibility that the role of these networks in 

conferring individual differences in impulsivity may shift over the course of development. 

 

Strengths, limitations, and future directions 

 A strength of this paper is the size of the sample and its inclusion of diverse youth recruited from 

multiple sites across the United States. The sample size and the increased power it provides for significance 

testing allowed for detection of effects that may have been missed in smaller samples that can only detect 

large effect sizes. There are several limitations that should be mentioned. First, not all data were collected 

at the same assessment timepoint. For example, delay discounting data were collected during the one-year 

follow-up, while the SST data were collected at the baseline assessment. Thus, temporal differences in data 

collection may mask or overrepresent certain effects of age. Second, our analyses primarily focused on the 

baseline and 1-year variables. Similar analyses of subsequent data releases of ABCD will be required to 



determine the temporal stability of our findings over development. Whether a general impulsivity PC1 will 

continue to exist in future releases is an important question, since previous impulsivity measure PCAs have 

lacked such a component. In addition, future studies are also needed to determine which, if any, of the 

identified dimensions can reliably predict developmental or psychiatric outcomes beyond initiation of 

alcohol- and cannabis-use.  Another important direction will be considering the relationship between 

identified PCs from this study and other neurodevelopmental variables, such as brain morphology measures.  

In summary, this analysis provides a compact set of latent impulsivity dimensions and correlated 

substance-use, demographic measures and functional connectivity relationships among major brain 

networks in a large, nationally representative sample of US youths. We demonstrate that the impulsivity 

measures from the ABCD data set capture several independent constructs. This analysis provides an 

empirical baseline for future studies of impulsivity in the ABCD dataset, which may leverage the multiyear 

design of ABCD to examine temporal dynamics in the patterns found in this analysis.  
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