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A B S T R A C T   

Background: Sex-specific neurobiological underpinnings of impulsivity in youth with externalizing disorders have 
not been well studied. The only report of functional connectivity (FC) findings in this area demonstrated sex 
differences in fronto-subcortical connectivity in youth with attention-deficit/hyperactivity disorder (ADHD). 
Methods: The current study used functional magnetic resonance imaging (fMRI) to examine sex differences in 
resting-state seed-based FC, self-rated impulsivity, and their interactions in 11-12-year-old boys (n = 43) and 
girls (n = 43) with externalizing disorders. Generalized linear models controlling for pubertal development were 
used. Seeds were chosen in the ventral striatum, medial prefrontal cortex, middle frontal gyrus and amygdala. 
Results: Impulsivity scores were greater in boys than girls (p < 0.05). Boys showed greater positive connectivity 
within a ventromedial prefrontal-ventral striatal network. In addition, boys demonstrated weaker connectivity 
than girls within two medial–lateral prefrontal cortical networks. However, only boys showed greater medi
al–lateral prefrontal connectivity correlated with greater impulsivity. 
Conclusions: The findings provide evidence supporting sex differences in both ventral striatal-ventromedial 
prefrontal and medial–lateral prefrontal functional networks in youth with externalizing disorders. These 
important networks are thought to be implicated in impulse control. Medial-lateral prefrontal connectivity may 
represent a male-specific biomarker of impulsivity.   

1. Introduction 

Sex differences in impulsivity are well established, although under
lying neurobiological mechanisms, particularly in adolescents, are less 
clear. Numerous studies have demonstrated sex differences in impul
sivity across the age-span, though the direction of the differences is 
mixed, depending on the assessment modality being used. For instance, 
in self-report assessment studies, higher sensation seeking and lower 
impulse control have been found in boys (Dekkers et al., 2019; Jensen 
et al., 2011; Martin et al., 2002), with only a few exceptions (Gökçe 
et al., 2017). With studies involving self-reported impulsivity subtypes 
as measured by the UPPS impulsive behavior scale (Whiteside and 
Lynam, 2001), sensation seeking, positive urgency and lack of 

perseverance were higher in adult males relative to females (Cyders, 
2013; Navas et al., 2019). Only one study examined sex-specific 
impulsivity subtypes in youth, with boys reporting greater sensation 
seeking and girls greater negative urgency (d’Acremont and Linden, 
2005). 

Using tasks which measure impulsive action in the laboratory, boys 
displayed poorer performance on go/no-go (Liu et al., 2013; O’Brien 
et al., 2010), continuous performance (Hasson and Fine, 2012) and 
probabilistic balloon analogue risk (Cross et al., 2011) tasks, whereas 
girls displayed poorer performance on stop signal (Crosbie et al., 2013) 
and delay discounting tasks (Patros et al., 2018; Rosch and Mostofsky, 
2016). Task-based functional magnetic resonance imaging (fMRI) 
studies have demonstrated sex differences in corticolimbic activation 
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during performance of decision making/inhibition tasks in youth/ado
lescents. Specifically, adolescent boys (ages 13–17; n = 10) showed 
greater neuronal activation than adolescent girls (n = 9) in orbitofrontal 
cortex on a go/no-go task. Female adolescents (ages 13–17; n = 9) 
showed greater activation in medial prefrontal cortex (mPFC) in 
response to threats than female children/adults (ages 6–12/>18; n = 8/ 
10), while adolescent males (ages 13–17; n = 10) did not significantly 
differ from children or adults (ages 6–12/>18; n = 10/10) in this region 
(Dreyfuss et al., 2014). During the performance of reward-related de
cision making tasks, adolescent boys (ages 13–17; n = 724) showed 
greater activation in anterior cingulate cortex (ACC), putamen, pre
cuneus, middle temporal gyrus, and cerebellum than girls (n = 805) 
(Barkley-Levenson et al., 2013; Cao et al., 2019). Of note, preadolescent 
boys (ages 11–12; n = 33) with externalizing disorders had greater 
activation in the middle frontal gyrus (MFG) than girls (n = 13) when 
making safer choices during the probabilistic balloon analogue risk task 
(Dir et al., 2019). Overall, the direction of the sex differences on 
impulsivity relevant tasks depends, in part, on tasks administrated 
(Weafer and de Wit, 2014), given that impulsivity is a multidimensional 
construct (Cross et al., 2011; Whelan et al., 2012). 

To date, only one functional connectivity (FC) neuroimaging study 
has examined sex differences in youth with externalizing/impulse con
trol disorders (Rosch et al., 2018). This study found that resting-state FC 
within the fronto-subcortical circuitry differed between 8–12-year-old 
girls (n = 20) and boys (n = 52) with attention-deficit/hyperactivity 
disorder (ADHD) compared to same-sex typically developing controls 
(n = 75; 21 girls); FC was also correlated with delay discounting 
behavior. Stronger positive ventromedial prefrontal cortex (vmPFC)- 
striatal connectivity and weaker negative vmPFC-amygdala connectiv
ity were found in children with ADHD. Girls, but not boys, with ADHD 
showed stronger positive and negative striatal connectivity with ACC 
and dorsolateral prefontal cortex (dlPFC) respectively. Real-time dis
counting was differentially related to dlPFC-amygdala connectivity and 
ACC-amygdala connectivity among girls and boys with and without 
ADHD. In studies with typically developing youth (Alarcón et al., 2015; 
Satterthwaite et al., 2015), sex differences in FC suggest that females 
experience greater connectivity between frontal, limbic and striatal re
gions, compared to boys. 

The present study used resting-state fMRI to characterize resting- 
state FC differences and associations with self-reported impulsivity be
tween boys and girls with externalizing disorders. We hypothesized that 
boys would rate themselves as more impulsive than girls (Dekkers et al., 
2019; Navas et al., 2019; Shulman et al., 2015). Based on research 
reviewed above, we focused on four seed regions (i.e., ventral striatum, 
amygdala, medial prefrontal cortex (mPFC), and middle frontal gyrus). 
We hypothesized that relative to boys, girls would show stronger ventral 
striatal connectivity with frontal regions including mPFC and ACC, 
frontal connectivity with subcortical regions including striatum and 
amygdala, and amygdala connectivity with frontal regions, based on 
extrapolations from previous neuroimaging studies (Costa Dias et al., 
2013; Diekhof and Gruber, 2010; Diekhof et al., 2012; Ma et al., 2016; 
Rosch et al., 2018). 

2. Methods and materials 

2.1. Participants 

Eighty-six 11-12-year-old drug-naive youth (n = 43 girls) with 
externalizing psychopathology participated in the present study. Drug- 
naïve youth in the current study refers to those reporting not having 
used drugs of abuse. “Externalizing” is operationalized here as DSM-5 
diagnoses of attention-deficit/hyperactivity disorder (ADHD) plus 
either oppositional defiant disorder (ODD), conduct disorder (CD), or 
unspecified disruptive behavior disorder. None of the participants were 
excluded due to gross in-scanner motion (mean relative root mean 
squared displacement > 0.2 mm) (Ciric et al., 2017). Demographics such 

as age, IQ, race, and parental education, in addition to lifetime psy
chotropic medication use, did not differ between boys and girls 
(Table 1). However, tanner staging differed between sexes, such that 
girls had more advanced pubertal development (Table 1). Additionally, 
all subjects identified their gender according to their biological sex. 

Exclusion criteria included: lifetime history of bipolar disorder; 
psychotic symptoms; autism spectrum disorders; substance use disorders 
(SUD); current major depressive disorder; current psychopharmacologic 
treatment (none within 2 weeks) other than psychostimulants (held the 
days of assessment and scanning (e.g., Dir et al., 2019; Hove et al., 2015; 
Martel et al., 2007; Swanson et al., 2011; Valera et al., 2005)); history of 
neurological problems; IQ < 80; active or debilitating medical condi
tions; an active maternal SUD during pregnancy; claustrophobia; preg
nancy; MRI contraindications; use of recreational or prescription drugs; 
alcohol or nicotine (other than caffeine); left handedness; and any in
dividuals who have siblings already enrolled and participating in the 
study. 

2.2. Behavioral assessment 

The Kiddie-Schedule for Affective Disorders and Schizophrenia (K- 
SADS-PL) (Kaufman et al., 1997) modified for DSM-5, Childhood 
Traumatic Questionnaire (CTQ) (Hastings and Kelley, 1997), working 
memory tasks and Wechsler abbreviated scale of intelligence (WASI) 
(Axelrod, 2002) were administered. Regarding the details of the 
administration of the full K-SADS (screening plus triggered supple
ments), our master’s and doctoral level child mental health clinicians 
administrated a full psychiatric interview with each participant and 
parent (reporting on their child’s symptoms) to assess psychiatric and 
substance use disorders. Teacher report forms were requested to 
corroborate clinician impressions. Clinician ratings were reviewed by a 
consensus clinical team to confirm each administered K-SADS. 

For the assessment of impulsivity, each child was asked at baseline to 
complete the UPPS-P-C (Zapolski et al., 2010), a modification of the 
UPPS-P Impulsive Behavior Scale (Lynam et al., 2006), which is a 40 
item Likert scale self-report questionnaire written at a 4th grade reading 
level that assesses severity and distinguishes five facets of impulsivity: 
lack of premeditation, lack of perseverance, positive and negative ur
gency and sensation-seeking. Independent samples t-tests were per
formed to examine sex differences in the five facets of impulsivity. 

2.3. Imaging data acquisition and analysis 

Each subject completed a mock-scanning session (MoTrak software, 
PST) with real-time feedback and an incentive game for eliminating 
head motion. Any stimulant medications were held the morning of the 
scan, as is routine in ADHD imaging studies. All scans were performed 
on a research dedicated 3.0 Tesla Siemens Prisma MRI scanner with a 
32-channel head coil. A multiband gradient-echo EPI sequence was used 
for resting-state BOLD fMRI data acquisition with the following pa
rameters: TR/TE: 1200/29 ms, Flip Angle: 65◦, FOV: 220×220 mm, 
Matrix: 88×88, Voxel size: 2.5×2.5×2.5 mm, 54 interleaved slices 
without gap. A total of 400 images were acquired from over 8 min 
scanning for each participant. Participants were instructed to lie still in 
the scanner, keeping their eyes open and looking at a cross fixation on 
the center of a screen. After the functional scans, high-resolution 
(1.0×1.0×1.2 mm) T1-weighted anatomic images were obtained using 
a standard 3D MPRAGE sequence for structural reference. 

Image data processing and analyses were carried out with the Sta
tistical Parametric Mapping software (SPM 12, Wellcome Department of 
Cognitive Neurology, UK), the CONN (https://www.nitrc.org/proj 
ects/conn), the DPABI V5.0 toolbox (http://rfmri.org/dpabi), and the 
BrainNet Viewer toolbox (https://www.nitrc.org/projects/bnv/) 
implemented in Matlab 2020a (Math Works, Natick, MA). Image pro
cessing included field mapping distortion correction, slice timing 
correction, realignment, smoothing using an isotropic Gaussian kernel 
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with a full-width at half-maximum (FWHM) of 4 mm, co-registration, 
normalization to the standard Montreal Neurological Institute (MNI) 
space, detrending, ICA-AROMA with global signal regression, and band 
pass filtering at 0.01–0.08 Hz. We combined ICA-AROMA (Pruim et al., 
2015a; Pruim et al., 2015b) with global signal regression, which has 
proved to be a good strategy to remove motion-related variance and to 
control for nuisance regressors such as physiologic noise for studies of 
FC in youth (Ciric et al., 2017). 

The seed regions of ventral striatum (VS), medial prefrontal cortex 
(mPFC), middle frontal gyrus (MFG) and amygdala were derived both 
bilaterally and unilaterally from the Harvard-Oxford atlas (https://fsl. 
fmrib.ox.ac.uk/fsl/fslwiki/Atlases). We examined both bilateral and 
unilateral seeds to explore the laterality of sex-related FC results for the 
selected seeds as prior studies have reported sex differences in resting- 
state FC relating to hemispheric lateralization in healthy children and 
adults (Tian et al., 2011; Zuo et al., 2010). Mean BOLD time series from 
each seed region were extracted and correlated with time series of all 
other voxels within the brain to create whole-brain Pearson’s correlation 
coefficient maps. Fisher’s r-to-z transformation {z = 0.5 Ln [(1 + r)/(1 - 
r)]} was then applied on these maps to improve the normality of the 
correlation coefficients. A whole-brain voxel-wise group-level indepen
dent samples t-test was performed on these z-transformed correlation 
maps to compare the resting-state FC patterns across sexes for each seed, 
with tanner staging as a covariate. Boys and girls could have different 
impulsivity levels (measured by the UPPS-P-C total score), which may 
affect the estimation of sex differences in FC. Therefore, to test the ef
fects of UPPS-P-C total score on the FC, we also performed the t-test 
described above controlling for UPPS-P-C total score. The threshold was 
set as the whole brain cluster-level family-wise error (FWE) corrected p 
< 0.05, with cluster size > 30 voxels. The brain regions showing sig
nificant sex differences in FC to each seed were then defined as clusters 
of interest. Independent samples t-tests were performed to examine sex 
differences in seed-cluster FC values. Pearson’s and Spearman’s corre
lation analyses and multiple comparisons correction for the correlation 

analyses were performed to examine the associations between FC values 
and scores of UPPS-P-C subscales for boys and girls respectively and 
jointly using SPSS Statistics for Windows (Version 22.0, IBM, Chicago, 
IL). To further testify the robustness of the correlation results, we esti
mated the significance of the Pearson’s correlation and the Spearman’s 
correlation respectively using permutation testing. Specifically, the 
permutation testing procedure included: i) the observed Pearson/ 
Spearman’s correlation was computed between the connectivity values 
and the impulsivity ratings; ii) the impulsivity ratings were permuted 
relative to the connectivity values; iii) Pearson/Spearman’s correlation 
was then re-computed after each permutation; iv) i) and ii) were 
repeated 10,000 times to build a null distribution of Pearson/Spear
man’s correlation for comparison with the observed Pearson/Spear
man’s correlation. 

In addition, we identified brain regions (in seed-based FC) associated 
with UPPS-P-C total score and with each subscale score for girls and boys 
respectively, and then compared seed-cluster FC between sexes. A 
whole-brain voxel-wise group-level multiple regression was performed 
on the z-transformed correlation maps for each seed and UPPS-P-C total 
score or each subscale score to identify brain regions associated with 
impulsivity ratings in girls and boys separately, with tanner staging as a 
covariate. The threshold was also set as the whole brain cluster-level 
FWE corrected p < 0.05, with cluster size threshold > 30 voxels. The 
brain regions showing significant associations with UPPS-P-C total and 
subscale scores in FC to each seed were then compared using indepen
dent samples t-tests to examine sex differences in FC values. 

The Institutional Review Board of Indiana University approved this 
study, and researchers carried out the study in accordance with the 
Declaration of Helsinki. Parents of participants provided written 
informed consent, and youth provided assent before enrollment and 
were compensated for participating in the study. 

Table 1 
Demographics, UPPS-P-C (child report), Trauma History, and Disorders.   

Boys (N = 43) Girls (N = 43) t p 95% CI χ2 p 

Age (M/SD) 11.89 (0.48) 11.97 (0.53) -0.756 0.452 -0.29–0.13   
IQ (M/SD) 103.6 (12.53) 101.9 (15.04) 0.601 0.549 − 4.07–7.61   
Race (n/%) 
Caucasian 26 (60.5%) 23 (53.5%) – – –  0.427  0.514 
African American 10 (23.3%) 16 (37.2%) – – –  1.985  0.159 
More than one race 7 (16.3%) 4 (9.3%) – – –  0.938  0.333 
Tanner Stage (M/SD) 1.63 (0.81) 3.17 (1.41) ¡6.16 0.000 ¡2.04 - (-1.04)   
Parent’s education (M/SD) 4.44 (2.74) 5.19 (2.64) − 1.27 0.204 − 1.90 - 0.41   
Lifetime Psychotropic 
Medication Use (n/%) 
Yes 21 (48.8%) 19 (44.2%) – – –  0.187  0.665 
No 22 (51.2%) 24 (55.8%)      
UPPS-P-C Total Score (M/SD) 101.93 (14.81) 92.58 (16.05) 2.80 0.006 2.72–15.97   
Lack of Premeditation (M/SD) 18.16 (4.88) 16.32 (3.76) 1.95 0.054 -0.03–3.70   
Negative Urgency (M/SD) 21.04 (5.47) 20.67 (5.47) 0.31 0.75 − 1.97–2.71   
Sensation Seeking (M/SD) 24.32 (4.42) 21.04 (5.21) 3.14 0.002 1.20–5.35   
Lack of Perseverance (M/SD) 16.76 (3.12) 15.23 (2.61) 2.47 0.016 -0.29–2.77   
Positive Urgency (M/SD) 21.62 (5.66) 19.30 (6.18) 1.81 0.073 -0.21–4.86   
CTQ Lifetime Number of Traumatic Events–Parent Report (M/SD) 2.14 (1.35) 2.07 (1.26) 0.24 0.805 -0.49–0.63   
CTQ Severity of Trauma–Parent Report (M/SD) 9.79 (8.41) 10.07 (7.34) -0.16 0.870 − 3.66–3.10   
Parental Substance Use Disorder (n/%) 29 (67.4%) 23 (53.5%) – – –  1.751  0.186 
ADHD (n/%) 
Inattentive 13 (30.2%) 26 (60.5%) – – –  7.929  0.005 
Hyperactive-Impulsive 2 (4.7%) 4 (9.3%) – – –  0.717  0.397 
Combined 28 (65.1%) 13 (30.2%) – – –  10.488  0.001 
Oppositional Defiant Disorder (ODD) (n/%) 33 (76.7%) 31 (72%) – – –  1.277  0.735 
Conduct Disorder (n/%) 4 (9.3%) 4 (9.3%) – – –  1.144  0.564 
Unspecified Disruptive Behavior (n/%) 6 (14%) 9 (21%) – – –  3.403  0.182 
Past Mood Disorders (n/%) 5 (11.6%) 10 (23.3%) – – –  2.184  0.139 
Anxiety Disorders (n/%) 16 (37.2%) 22 (51.2%) – -. –  2.025  0.155 

CI: confidence interval; M/SD: Mean/Standard Deviation; CTQ: Childhood Traumatic Questionnaire; ADHD: Attention-Deficit/Hyperactivity Disorder. Bold fonts 
indicate differences were significant between sexes. 
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3. Results 

As shown in Table 1, all youth met DSM-5 criteria for externalizing 
disorders, operationalized here as ADHD and either ODD, CD, or DBD 
unspecified. There were no sex differences in reported trauma history, 
parental substance use disorder or past mood disorders of the children 
(including anxiety disorders). Regarding impulsivity (Table 1), sensa
tion seeking (p < 0.01) and lack of perseverance (p < 0.05) were 
significantly more prominent in boys than girls, while no sex differences 
were found in the other scales (all p > 0.05). 

As shown in Fig. 1 and listed in Table 2, FC was significantly greater 
in boys than girls between bilateral VS seed and multiple regions within 
the ventromedial prefrontal cortex (vmPFC), including parts of bilateral 
medial superior frontal gyrus (mSFG), anterior cingulate cortex (ACC), 
and medial frontal cortex (mFC). In contrast, FC was significantly 
greater in girls than boys between left middle frontal gyrus (L.MFG) seed 
and vmPFC as well as between left medial prefrontal cortex (L.mPFC) 
seed and regions within the left lateral prefrontal cortex (L.lPFC), 
including parts of left middle frontal gyrus (L.MFG) and left superior 
frontal gyrus (L.SFG). From the seed-cluster FC analyses, the weaker 
connectivity between L.MFG and vmPFC and between L.mPFC and L. 
lPFC in boys from the whole-brain analysis was due to negative con
nectivity (anti-correlations), as compared to girls (Fig. 2). Analyses with 
UPPS-P-C total score as a covariate resulted in extremely similar find
ings. All of these brain regions survived whole brain cluster-level FWE 
corrected at p < 0.05. We did not find significant sex difference in FC 
when using the amygdala as seeds. 

Only in boys, L.mPFC-L.lPFC connectivity correlated positively with 
lack of premeditation (Fig. 3a, Pearson’s r = 0.375, p (uncorrected) =
0.013; Spearman’s rho = 0.415, p (uncorrected) = 0.005; permutation 
test Pearson p = 0.006, Spearman p = 0.003, see Fig. S3a and Fig. S3c) 
and negative urgency (Fig. 3b, Pearson’s r = 0.384, p (uncorrected) =
0.011; Spearman’s rho = 0.326, p (uncorrected) = 0.033; permutation 
test Pearson p = 0.03, Spearman p = 0.015, see Fig. S3b and Fig. S3d). 

Findings from models derived from UPPS-P-C subscale scores were 
consistent with our findings from a priori region of interest (ROI) based 
group FC differences (with or without controlling for UPPS-P-C total 
score). Specifically, FC between a number of regions correlated with 
impulsivity scores between boys and girls (Table S1), but only FC be
tween a L.mPFC seed and a L.MFG/SFG cluster differed between sexes 
(p < 0.05). This connectivity was positive in girls while negative (i.e., 
anti-correlated) in boys (Fig. S1). Using models derived from UPPS-P-C 
total score, we found sex-specific associations between UPPS-P-C total 
score and the FC involving different brain regions (Table S2), but none of 

the FC values differed between sexes (Fig. S2). 

4. Discussion 

In this study of sex differences with youth exhibiting externalizing 
disorders, behavioral and neuroimaging differences were observed. As 
hypothesized, we found significantly elevated impulsivity ratings in 
boys compared to girls, driven by greater sensation seeking and lack of 
perseverance. Higher sensation seeking in boys is consistent with pre
vious children/adolescent studies (d’Acremont and Linden, 2005; Dek
kers et al., 2019; Shulman et al., 2015), however, boys also reported 
higher scores for lack of perseverance in our study. d’Acremont and Van 
der Linden (2005) observed a higher level of negative urgency in girls, 
which we did not observe. This discrepancy may be due to the different 
ages of the participants (12–19 vs 11–12). In addition, d’Acremont and 
Van der Linden did not assess for the positive urgency facet of impul
sivity captured in the UPPS-P-C. 

In relation to imaging findings, we found sex differences in FC in 
three networks, while controlling for differences in pubertal develop
ment within psychiatrically and demographically comparable groups. 
Moreover, we found consistent results of FC differences between sexes 
via different approaches (e.g., group comparisons with or without UPPS- 
P-C total score as a covariate; impulsivity derived models that differ 

Fig. 1. Seed-based functional connec
tivity differences between boys and 
girls. Significantly greater connectivity 
was found a) between bilateral ventral 
striatum (VS) seed and bilateral medial 
superior frontal gyrus (mSFG), anterior 
cingulate cortex (ACC), medial frontal 
cortex (mFC) in boys compared to girls; 
b) between left middle frontal gyrus (L. 
MFG) seed and bilateral mSFG, ACC, 
mFC and c) between left medial pre
frontal cortex (L.mPFC) seed and left 
middle frontal gyrus (L.MFG), left supe
rior frontal gyrus (L.SFG) in girls relative 
to boys. Images were displayed at a 
threshold of uncorrected p < 0.001, with 
cluster size > 30 voxels.   

Table 2 
Brain regions showing significant sex differences in seed-based functional 
connectivity.  

Brain Regions x, y, z p value (FWE 
corrected) 

Cluster 
Size 

Peak 
T 

Boys > Girls 
Seed: Bilateral Ventral 

Striatum     
Bilateral mSFG/ACC/ 

mFC 
− 10, 56, 
− 4 

< 0.05 484  3.83 

Girls > Boys 
Seed: Left Middle Frontal 

Gyrus     
Bilateral mSFG/ACC/ 

mFC 
− 8, 36, 
− 4 

< 0.001 1100  4.51 

Seed: Left Medial 
Prefrontal Cortex     

Left MFG/SFG –22, 46, 
12 

< 0.05 534  5.00 

All clusters survived whole brain family-wise error (FWE) corrected p < 0.05. 
mSFG: medial superior frontal gyrus; ACC: anterior cingulate cortex; mFC: 
medial frontal cortex; MFG: middle frontal gyrus. 
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between sexes), which suggest the robustness of these findings. Of note, 
we found no group differences with amygdala seeds, unlike prior studies 
in youth with (Rosch et al., 2018) or without ADHD (Alarcón et al., 
2015; Müller-Oehring et al., 2018). In addition, we didn’t observe 
hemisphere-related sex differences in FC, unlike prior studies in healthy 
participants (Tian et al., 2011; Zuo et al., 2010). 

First, we found stronger averaged FC between VS and ventromedial 
prefrontal regions (i.e., mSFG, ACC and mFC) in boys. This finding 
partly supported our hypothesis that VS-prefrontal connectivity would 
differ between sexes. However, the direction of sex differences in fron
tostriatal connectivity in the current study differed from the only pre
vious study on FC in youth with ADHD (Rosch et al., 2018). In Rosch’s 
study, girls with ADHD had stronger positive connectivity between 
striatum and vmPFC/ACC compared to boys, and stronger negative 
connectivity between striatum and dlPFC than boys. Frontostriatal cir
cuitry is thought to underpin executive function and impulse control 
(Castellanos et al., 2006; Dickstein et al., 2006). Previous studies have 
demonstrated both hyperconnectivity (Costa Dias et al., 2013; Ma et al., 
2016; Oldehinkel et al., 2016) and hypoconnectivity (Costa Dias et al., 
2015; Rubia et al., 2009) of the frontostriatal network (i.e., between VS/ 
nucleus accumbens (NAcc) and PFC) in children and adolescents with 

ADHD, indicating aberrant prefrontal top-down modulation over 
reward-related subcortical regions (Heatherton and Wagner, 2011). In 
our study, the stronger VS-prefrontal connectivity in boys rather than 
girls might be consistent with the idea that the increased signaling of 
VS/NAcc to the prefrontal cortex would lead to excessive approach and 
failure in estimating future consequences, and as a result, impulsivity 
(Nigg and Casey, 2005). 

Second, the averaged FC between left mPFC and left lateral pre
frontal regions (i.e., left MFG and SFG) was positive in girls while 
negative in boys. The mPFC is a core node of the default mode network 
(DMN), which is thought to be involved in internally-oriented attention 
(Di and Biswal, 2014; Gusnard et al., 2001). The MFG has been proposed 
to be a key region of the task-positive ventral attention network (VAN), 
which is thought to be implicated in externally-oriented attention 
(Corbetta and Shulman, 2002; Fox et al., 2009). During rested wake
fulness in task-free settings, the task-negative DMN is usually engaged 
whereas the task-positive VAN is suppressed, demonstrating an anti- 
correlation (e.g., a functional decoupling; Fox and Raichle, 2007; Fox 
et al., 2005) between these two networks. The positive connectivity 
between these two networks in girls suggests that task-negative and 
task-positive networks may fail to remain functionally distinct from each 

Fig. 2. Seed-cluster functional connectivity analysis 
for sex differences. Functional connectivity between 
bilateral VS seed and bilateral mSFG/ACC/mFC was 
greater in boys than girls. The connectivity between L. 
MFG seed and bilateral mSFG/ACC/mFC and between 
L.mPFC seed and L.MFG/SFG was negative (anti-cor
relations) in boys as compared to girls. Error bars 
represent standard errors of the mean. *** p < 0.001. 
VS: ventral striatum; mSFG: medial superior frontal 
gyrus; ACC: anterior cingulate cortex; mFC: medial 
frontal cortex; L.mPFC: left medial prefrontal cortex; 
L.MFG/SFG: left middle frontal gyrus/superior frontal 
gyrus.   

Fig. 3. The scatter plots showed the Pearson’s (r) and Spearman’s (rho) correlation between functional connectivity values and UPPS-P-C subscale scores. Only in 
boys, connectivity between L.mPFC and L.MFG/SFG positively correlated with lack of premeditation (3a) and negative urgency (3b). The p values were not corrected 
for multiple comparisons. L.mPFC: left medial prefrontal cortex; L.MFG/SFG: left middle frontal gyrus/superior frontal gyrus; FC: functional connectivity. Black lines: 
boys and girls pooling together; Blue dots/lines: boys; Red dots/lines: girls. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.) 
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other, which may lead to an altered allocation of cognitive resources to 
brain networks and poor modulation of attention processes in response 
to shifting cognitive demands (Clapp et al., 2011; Turner and Spreng, 
2012). In contrast, the negative connectivity between these two net
works in boys suggests relatively intact distinction between these two 
networks (Castellanos and Proal, 2012; Kelly et al., 2008; Kessler et al., 
2014; Mills et al., 2018; Sonuga-Barke and Castellanos, 2007; Sripada 
et al., 2014). Though we did not observe sex differences in lack of pre
meditation and negative urgency ratings, weaker L.mPFC-L.lPFC con
nectivity correlated with lower levels of these two ratings respectively 
only in boys, indicating boys with more intact DMN-VAN distinction 
tended to be more forethoughtful and prudent. In contrast, no such re
lationships between L.mPFC-L.lPFC connectivity and lack of premedi
tation and negative urgency ratings were found in girls. One possible 
explanation is that though we did not observe sex differences in these 
two self-report measures, differences of L.mPFC-L.lPFC connectivity 
exist between boys and girls. Therefore, sex-specific differences of L. 
mPFC-L.lPFC connectivity contribute to sex-specific correlations be
tween L.mPFC-L.lPFC connectivity and lack of premeditation and 
negative urgency ratings. Another possible explanation is that many 
factors can contribute to behavior, and FC is just one possible factor. 
Thus, the L.mPFC-L.lPFC connectivity cannot entirely reflect these two 
self-reported measures of impulsivity. It is also possible that the sample 
size in the current study is not large enough to detect sex differences in 
lack of premeditation and negative urgency ratings since lack of pre
meditation showed a trend of significance (p = 0.054). Thus, our find
ings highlight the sensitivity of FC measures to sex differences. Future 
studies are needed to clarify such possibilities. 

Third, the averaged FC between left MFG and vmPFC was positive in 
girls while negative in boys. MFG, SFG, and ACC/mFC play important 
roles in executive function including cognitive and motor control (Dal
ley et al., 2011; Diamond, 2013). Specifically, the MFG is implicated in 
executive control (Dosenbach et al., 2007) and reward processing 
(Knutson et al., 2000). Our finding may suggest greater functional 
segregation within the prefrontal networks in boys (Arnsten, 2009). 

Placing this work in the context of the only other similar study 
(Rosch et al., 2018), we note the inconsistent direction of sex differences 
in frontostriatal FC and the differing of the exact cortical regions func
tionally connected with the striatum. Rosch et al. found stronger positive 
striatum-vmPFC and striatum-ACC connectivity and stronger negative 
striatum-dlPFC connectivity in girls, while we reported stronger positive 
ventral striatal-ventromedial prefrontal connectivity in boys. In addi
tion, Rosch et al. found sex differences in amygdala-vmPFC connectivity, 
while we did not observe differences in amygdala-related connectivity. 
In spite of varied data acquisition parameters and preprocessing pipe
lines, this discrepancy is possibly due to the different inclusion criteria 
for the participant sample. For example, conduct disorder was excluded 
in Rosch’s study. Moreover, the children recruited in Rosch’s study had a 
larger age range (e.g., 8–12 years), while the current study included only 
11–12-year-olds. Another explanation may be the different methods 
used to detect group differences as Rosch and colleagues used group 
independent components analyses (ICA) to identify the intrinsic func
tional networks, whereas we defined seed regions based on the Harvard- 
Oxford atlas. We controlled for tanner staging while Rosch included 
head motion, age, and IQ as covariates. In addition, Rosch’s striatal seed 
was functionally defined to include the caudate and putamen rather 
than focusing on the much smaller area of ventral striatum, as used in 
our study. We know that distinct FC patterns may be observed across 
different regions of the striatum (Di Martino et al., 2008). Furthermore, 
Rosch et al. measured impulsive behavior (delay discounting) while we 
focused on self-reported estimates of impulsivity (UPPS-P-C scale). 
Therefore, we are likely measuring different facets of impulsivity given 
its multidimensional features. Although the direction was different, both 
groups found sex differences in frontostriatal connectivity in youth with 
externalizing disorders. 

Several limitations warrant consideration when interpreting the 

present findings including our reliance on self-report measures and the 
cross-sectional design. Future work could couple self-report and 
behavioral estimates of impulsivity to gain a more complete picture of 
the degree to which boys and girls differ in different facets of impul
sivity. Longitudinal studies are needed to understand the developmental 
trajectory of FC within the frontostriatal and the medial–lateral pre
frontal functional networks in boys and girls with externalizing disor
ders. In addition, typically developing youth were not included in the 
current study. Therefore, our findings of sex differences in impulsivity 
and fronto-subcortical FC are specific to youth with externalizing dis
orders without knowledge about how these youth differ from typically 
developing samples. 

5. Conclusion 

To our knowledge, this is one of the first studies to examine sex- 
specific FC networks in youth with externalizing disorders. The study 
serves as a replication, but also characterizes a narrower age band and is 
the first study to focus on sex-differences in self-reported (versus lab 
measured) impulsivity, as well as examines connectivity associated with 
specific impulsivity subtypes. Findings suggested that a frontostriatal 
network and two medial–lateral prefrontal networks at rest differed 
between preadolescent boys and girls with externalizing psychopathol
ogy. Compared to girls, the prefrontal regions in boys were tightly 
connected to the VS but were less interconnected within the cortex. In 
other words, the prefrontostriatal network was more functionally inte
grated (e.g., positively correlated), whereas the prefrontal network was 
more functionally segregated (e.g., negatively correlated) in boys. In 
addition, boys exhibited negative L.mPFC-L.lPFC connectivity on 
average (versus positive in girls), indicating relatively intact distinction 
between the DMN and the VAN in boys than girls. Moreover, less 
impulsivity was related to more intact DMN-VAN distinction only in 
boys. The neurobiological differences between boys and girls with 
externalizing disorders that underlie sex differences in impulsivity 
suggested in the present study may inform novel sex-tailored inter
ventions for SUD targeting high-risk youth. 

CRediT authorship contribution statement 

Ya Chai: Conceptualization, Methodology, Writing - original draft, 
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