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Abstract

Objective—Sexual dimorphism is evident in attention-deficit/hyperactivity disorder (ADHD), 

including subtype prevalence, adverse outcomes, and neural phenotype. Neurobiological studies of 

ADHD suggest boys show more abnormalities in motor and premotor structure and function, 

whereas girls differ from typically developing (TD) peers in prefrontal circuitry. We applied 

diffusion tensor imaging (DTI) to identify ADHD-related sex-specific differences in motor/

premotor and prefrontal white matter (WM) microstructure in children.

Method—DTI estimated differences in WM microstructure among 120 children aged 8–12 years, 

60 with ADHD (30 boys) and 60 controls (30 boys), matched on age, IQ, and handedness. Effects 

of diagnosis and sex on fractional anisotropy (FA) were assessed in motor/premotor and prefrontal 
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regions. Group differences in FA and associations with response control (e.g., reaction time 

variability [CVRT] and commission error rate) were examined separately within sex.

Results—Sex-by-diagnosis interactions were observed for FA in primary motor (M1) and medial 

orbitofrontal (MOFC) cortex. Post hoc tests revealed that boys with ADHD showed bilateral 

reductions in FA within M1, compared with TD peers; in contrast, girls with ADHD showed 

higher FA bilaterally within MOFC. Decreased M1 FA was associated with higher CVRT in boys 

and higher commission error rates in girls. For MOFC, lower FA was associated with greater 

CVRT and commission error rates across all participants with ADHD.

Conclusion—ADHD affects the white matter of boys and girls differently; boys appear more 

affected in regions responsible for control of basic actions, whereas girls show more abnormalities 

in regions responsible for higher-level, top-down control.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is characterized by developmentally 

inappropriate levels of inattention, hyperactivity, and impulsivity, resulting in significant 

functional impairment.1 Specific cognitive deficits are thought to underlie the behavioral 

symptoms of ADHD, including difficulties with response control (e.g., response inhibition 

and variability), attention regulation, and working memory.2 Among individuals with 

ADHD, important differences have emerged between sexes in terms of prevalence rates, 

symptom presentation, and comorbidities.3–7 Functional outcomes differ between sexes as 

well.3,8,9

Although evidence for sex differences in brain development and connectivity in youth with 

ADHD is emerging,10,11 much of the existing literature to date has relied upon either male 

samples only12 or samples with too few girls with ADHD to enable across- and within-sex 

comparisons.13,14 Given the differences in ADHD prevalence rates and symptom 

presentation between boys and girls, and the differences in pace of cortical development and 

myelination of frontal and associated regions essential for response control and attentional 

regulation,15–17 studies carefully examining sex–specific neuroanatomical differences in 

ADHD and their functional correlates are needed. Increasing evidence suggests sex-based 

differences in neuropsychological functioning in children with ADHD,18–21 with girls 

generally showing more deficits in planning and strategy mediated by prefrontal circuits, 

and boys showing greater impairments in more basic aspects of response control mediated 

by motor/premotor circuits. Recent work21 examining sex differences in intrasubject 

variability in response time (ISV, which is robustly increased among children with 

ADHD22) revealed a sexually dimorphic effect of task complexity such that increased ISV 

among girls with ADHD was specific to a Go/No-go task with substantial cognitive load and 

working memory demands, whereas boys with ADHD exhibited increased ISV regardless of 

working memory demands. This dimorphic profile was also seen in error rates. Taken 

together with the differences in outcomes and behavior, these sex-based differences in 
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cognitive control suggest the likelihood of underlying differences between boys and girls in 

neuroanatomy and functional connectivity associated with ADHD.

Among neuroimaging studies including enough girls in the sample to investigate sex-

specific differences, findings have revealed differences between children with ADHD and 

typically-developing (TD) peers in regional gray and white matter (WM) volumes11 as well 

as basal ganglia volume and shape.23 These include sex-specific differences of reduced gray 

matter in the left lateral premotor cortex in girls with ADHD, reduced left medial prefrontal 

cortex (PFC) WM volumes in boys with ADHD, as well as smaller basal ganglia volumes in 

boys but not girls with ADHD, as compared to same-sex controls. In a careful examination 

of frontal lobe morphology in children with ADHD,24 reduced cortical surface area was 

found in orbitofrontal, medial prefrontal, and anterior cingulate cortices relative to TD 

children; however, differences were also seen between boys and girls with ADHD. Boys 

with ADHD were found to have reduced premotor cortical volume, while girls with ADHD 

showed prefrontal reductions relative to same-sex controls.24

Examination of WM microstructure using diffusion tensor imaging (DTI) has begun to 

provide additional evidence of WM pathology and disruptions in anatomical connectivity in 

ADHD, although findings have been inconsistent.25,26 For example, Silk et al12 found 

increased fractional anisotropy (FA) values in left prefrontal-temporal regions and right 

occipito-parietal cortex in boys with ADHD, while others have found decreased FA in 

premotor and left parieto-occipital regions.27,28 A recent diffusion spectrum imaging (DSI) 

study14 found reduced FA in four bilateral frontostriatal tracts in youth (predominantly 

males) with ADHD. Overall, DTI and DSI studies suggest abnormalities in large WM tracts 

such as superior longitudinal fasciculus, arcuate fasciculus, and anterior corona radiata in 

youth with ADHD,25,26,29 areas connecting PFC with basal ganglia and thus thought to play 

an important role in response control. However, findings have been based on predominantly 

male samples, with too few girls included to examine sex-specific differences. Further work 

investigating frontal subregions is needed to better elucidate the associations between WM 

abnormalities and response variability in ADHD, and to clarify neural substrates underlying 

the sex-specific differences in ADHD features.

Evidence regarding the functional implications of WM abnormalities in ADHD is also 

inconsistent. For example, left WM volumes and reduced left orbitofrontal FA were 

associated with ADHD-related symptom severity (in boys11); however, these differences 

were not associated with response control on motor inhibition tasks (i.e., Go/No-go reaction 

time [RT], commission rate, ISV). In contrast, Lin et al.14 reported an association among 

ISV and FA in the cingulum bundles and frontostriatal tracts. Similarly, Hong et al.13 found 

specific tract-based anomalies in frontal-subcortical and fronto-cerebellar regions were 

associated with performance (commission/omission errors) on a continuous performance 

task (CPT), with FA values within a primarily right hemisphere network including superior 

frontal gyrus, anterior cingulate, and supplementary motor cortex (SMC) negatively 

correlated with CPT omissions and RT variability. However, these samples contained too 

few girls for between-sex comparisons. Although these studies support prior research 

implicating prefrontal circuitry in ADHD,11,30,31 and lay a foundation for further 

investigation, the issues raised by Weyandt et al.32 regarding consistency and clinical 
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relevance of abnormal imaging findings remain to be addressed. Furthermore, given the 

well-documented difference in symptom presentation and functional outcomes between girls 

and boys with ADHD, studies that are well-powered to examine both sex-specific 

differences in WM regions suspected to be critical for response control and functional 

implications of any findings are much needed.

The present study examined WM microstructure within specific frontal regions of interest in 

a relatively large sample (N=120) of children with ADHD, oversampled for girls, and 

matched TD controls. Based upon recent previous work,24 we hypothesized a differential 

effect of ADHD on FA across the sexes, with boys showing more abnormalities within 

bilateral motor/premotor areas, and girls showing more abnormalities within prefrontal 

regions. Additionally, we hypothesized that WM microstructure (measured by FA) would be 

associated with ISV and commission errors in regions showing an effect of diagnosis.

METHOD

Participants

The sample included 120 children, 60 with ADHD (30 boys, 30 girls) and 60 controls (30 

boys, 30 girls) matched on age, intellectual ability, and handedness (Table 1). Participants 

were predominantly Caucasian (74.2%), with 15.8% African American, 1.7% Asian, and 

8.3% Biracial. Families were largely of middle class socioeconomic status (Hollingshead 

estimate M = 50.23, SD = 9.97, range = 22–66). Following Institutional Review Board 

approval, participants aged 8 to 12 years were recruited through local schools, community-

wide advertisement, volunteer organizations, and medical institutions. Following telephone 

screening, participants were screened for psychiatric diagnoses via structured parent 

interview, then scheduled for a study visit and mailed parent and teacher behavioral ratings 

used to confirm diagnostic status, including Conners’ Parent and Teacher Rating Scales-

Revised, Long Version (CPRS-R:L and CTRS-R:L).33 Consent and assent were obtained 

from parents and children, respectively.

ADHD diagnosis and group assignment were confirmed using the following criteria: 1) 

positive DSM-IV ADHD diagnosis using a structured parent interview (Diagnostic 

Interview for Children and Adolescents, Fourth Edition—DICA-IV);34 and 2) T-scores >60 

on the DSM-IV Hyperactive/Impulsive or Inattentive scales of the Conners’ Parent Rating 

Scales-Revised, Long Version (CPRS-R:L),33 and 3) 6 of 9 DSM-IV symptoms met (item 

rating of 2 or 3) on the Hyperactive/Impulsive or Inattention scales of the ADHD Rating 

Scale-IV, Home version (ADHD-RS).35 This information was reviewed by a child 

neurologist (S.H.M.) for final confirmation of ADHD diagnosis. Control participants with T-

scores >60 on either the DSM-IV Inattentive or Hyperactive/Impulsive scales of the CPRS-

R or CTRS-R, or ratings of 2 or greater for four or more symptoms of inattention or 

hyperactivity/impulsivity (ADHD Rating Scale-IV) were excluded. Determination of ADHD 

subtypes was based on rating scale responses, DICA-IV, and clinical judgment.

Exclusion criteria for both groups included history of seizures, other neurological 

conditions, or identified genetic disorder. Children were also excluded if they met criteria 

for conduct disorder, mood disorder, generalized anxiety disorder, separation anxiety 
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disorder, or obsessive-compulsive disorder on the DICA-IV. Children with ADHD were not 

excluded for oppositional defiant disorder (ODD), considering the high rates of comorbidity. 

In the control group, additional exclusionary criteria included diagnosis of any psychiatric 

disorder based upon DICA-IV and history of speech/language or other developmental 

disorder. Intellectual ability was assessed using the Wechsler Intelligence Scale for 

Children, Fourth Edition (WISC-IV).36 Children were excluded if they earned scores below 

79 on either the Perceptual Reasoning Index (PRI) or the Verbal Comprehension Index 

(VCI), without restriction on full scale IQ (FSIQ), given the impact of attentional symptoms 

and/or slower processing speed on FSIQ. Of 486 participants enrolled on several related 

protocols, 47 were excluded based upon psychiatric diagnoses, color-blindness, low 

cognitive ability, or abnormal imaging findings. Additionally, children who had developed 

beyond Tanner stage II as identified by parent interview were deemed ineligible. Of those 

eligible, DTI imaging was attempted on 349 children, and 281 (102 ADHD) had useable 

data (i.e., free of visually appreciable motion artifact or other imaging artifacts) from both 

DTI and T2 scans and passed pre-processing; at the time of data analysis, 193 (78 ADHD) 

scans were processed. Of those, 30 were girls with ADHD to whom the boys with ADHD 

were matched; these were matched to 60 control participants as noted above.

Within the group with ADHD, 70% (n=42) were prescribed stimulant medication. To 

preclude effects on task performance, medications were discontinued the day prior to and 

the day of testing. Children with ADHD taking any other psychoactive medications were 

excluded. No controls were taking psychoactive medication.

Response Control Measure

Go/No-go Task—Participants completed an 8 minute, computer-based, Go/No-go 

paradigm (outside the scanner) in which a well-ingrained stimulus-response association 

(green=go, red=no-go) was used to minimize working memory and other cognitive 

demands. Participants used the dominant hand index finger to push a button immediately in 

response to green spaceships. Stimuli were presented for 300ms with an interstimulus 

interval of 2000ms for 217 trials. Presentation cues were weighted towards green spaceships 

at a ratio of 4:1, intensifying the need to inhibit a habituated motor response. Only “go” RTs 

were analyzed; RTs faster than 200ms and on failed inhibition trials were omitted from the 

analysis. ISV was computed as the SD of RT/mean RT for correct go responses (coefficient 

of variation of RT: CVRT), providing a measure of response variability controlling for 

response speed.

Magnetic Resonance Imaging (MRI) Acquisition and Measurement

Before scanning, participants underwent a mock scanning session in an inactive, realistic 

scanner to ensure participant comfort, limited motion, and optimal scan quality. Images were 

acquired with single-shot echo planar imaging (EPI; SENSE factor 2.5) on a 3T Phillips 

scanner. Two runs were collected per participant, with 32 gradient directions (b=800 s/mm3) 

and one b0 in each run. Sixty 2.2mm axial slices were acquired for each volume, with an 

imaging matrix of 96 × 96 zero-filled to 256 × 256 for a 0.9 mm resolution reconstructed 

resolution. Preprocessing was performed using CATNAP,37 with the RADAR motion 

correction procedure. The gradient table was adjusted according to the motion correction 

Jacobson et al. Page 5

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



transformation, and the tensors estimated using RESTORE38 in order to reduce impact of 

motion artifacts. Participants with any visible artifacts on their FA images, or evident large 

in-scanner movements, were excluded from analysis. There were no significant between-

group (ADHD: M= .39, SD= .27; TD: M= .32, SD= .18; t[97] = −1.86, p =.07) or between 

sex (within ADHD) (Boys: M= .41, SD= .18; Girls: M= .37, SD= .33; t[58] = −.581, p = .

564) differences on motion, as measured by average framewise displacement. Based on 

these data, we chose not to match further on motion, nor covary for motion in the brain-

behavior correlations.

EPI distortions were corrected by transformation of each participant’s mean b0 image to a 

non-EPI axially acquired T2-weighted image that was taken as part of the same imaging 

protocol. Transformations were estimated using Large Deformation Diffeomorphic Metric 

Mapping (LDDMM).39 Tensor images were then resampled into 1mm isotropic resolution to 

match the resolution of the atlas template image. Each participant’s DTI images were 

parceled according to the frontal lobe atlas developed by Ranta et al40,41 using a semi-

automated atlas-based protocol.42 First, each participant’s DTI images were warped to a 

standard template using multi-channel LDDMM. Next, the reverse transformation was 

applied to the atlas-space regions of interest (ROIs), bringing the standard labels into native 

space. Finally, in order to interrogate only the WM within each native-space ROI, an FA 

cutoff was applied, in which only voxels where FA was greater than 0.25 were considered.

Data Analysis

Diagnostic group differences in Go/No-go performance (i.e., CVRT and commission error 

rate) were examined via independent samples t-tests for the entire group and separately for 

boys and girls. Given the hypothesized differential effect of ADHD diagnosis on WM 

microstructure in boys and girls, two-way analyses of variance (ANOVAs: Sex × Diagnosis) 

were performed in motor/premotor regions (primary motor cortex, SMC, lateral premotor 

area) and in prefrontal regions (dorsolateral, inferior, and medial PFC, lateral and medial 

orbitofrontal cortex) (Figure 1), with Bonferroni correction applied in each analysis. 

Following significant findings, a follow-up t-test for FA was performed within-sex to clarify 

the nature of the statistical interaction. In order to correct for multiple comparisons, motor/

premotor region and prefrontal region analyses were considered separate hypotheses. For 

motor/premotor (three regions of interest), a Bonferroni-corrected alpha-level was set at α= 

0.05/3 =0.015. Likewise for premotor regions, an alpha-level of α= 0.05/5 =0.01 was used. 

Additionally, in regions showing a statistical interaction in FA, Pearson correlations between 

FA and response control, as measured by CVRT and commission error rates, were examined 

among participants with ADHD.

RESULTS

Demographics

Mean intellectual ability (WISC-IV PRI and VCI) was within the average range and not 

significantly different between diagnostic groups (Table 1). Age, handedness, racial 

background, and family socioeconomic status also did not differ between groups. Within the 

group with ADHD, 41 participants (20 male) exhibited combined, 17 participants (9 male) 
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exhibited primarily inattentive, and 2 participants (1 male) exhibited hyperactive/impulsive 

presentation/subtype. Subtype distribution did not differ between sexes (p=.92). Across the 

sample, 18.3% met criteria for ODD and 13.3% met criteria for specific phobia (e.g., the 

dark, thunderstorms).

Go/No-go performance

As expected, CVRT was higher in children with ADHD (p=0.03; Table 1) versus controls, 

with effects primarily in boys (p=.06), not girls (p=.21). Likewise, children with ADHD 

made more commission errors (p=.037), evident primarily in boys (p=.029) rather than girls 

(p=.33).

Sex × Diagnosis interactions

Within motor/premotor regions, two-way ANOVAs (Sex × Diagnosis) (Table 2) revealed a 

significant interaction between sex and diagnosis on FA within the primary motor cortex 

(M1) (p=.011), but not among any other motor/premotor regions. Statistically significant 

main effects of diagnosis and sex were not observed; likewise, there was no effect of 

diagnosis, sex, or sex-by-diagnosis interaction on premotor FA as a whole. The pattern of 

results held when co-varying for age. Post hoc investigation of group differences in M1 FA 

separately in boys and girls (Figure 2) revealed significantly lower FA among boys with 

ADHD (p=.015) relative to TD boys, with no difference among girls.

Within prefrontal regions, two-way ANOVAs revealed a sex-by-diagnosis interaction in 

medial orbitofrontal cortex (MOFC) FA (p=.0011), and not among other prefrontal regions. 

No significant main effects of diagnosis and sex were observed, and the pattern held when 

co-varying for age. Again, there was no effect of diagnosis, sex, or sex-by-diagnosis 

interaction on prefrontal FA as a whole. Post hoc investigation of diagnostic differences in 

FA separately in boys and girls revealed higher FA among girls with ADHD compared with 

TD peers (p=.0014), and no difference among boys.

In both the M1 and the MOFC, no FA values fell outside of three SD away from the mean in 

the full cohort.

Brain-behavior analyses

Given the sex-by-diagnosis interaction in FA, we examined the association between WM 

microstructure within identified regions and response control among participants with 

ADHD (Figure 3). Considering boys and girls with ADHD together, M1 FA was negatively 

associated with both CVRT (r=−0.45, p<.001) and commission error rate (r=−0.41, p=.

0012). Examining associations within sex, a significant correlation was observed between 

M1 FA and CVRT among boys (r=−0.45, p=.014), but not among girls (r=−0.27, p=.14). 

Conversely, commission error rate was negatively correlated with M1 FA in girls (r=−0.41, 

p=.023), but not boys (r=−0.16, p=.41).

Examining associations with response control and medial OFC FA among all participants 

with ADHD, medial OFC FA was negatively correlated with CVRT (r=−0.29, p=.022) as 

well as commission error rate (r=−0.29, p=.026). When examining associations within sex, a 
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significant correlation was observed for commission error rate among boys (r=−0.49, p=.

0054), but not girls (r=0.032, p=.87). In contrast, CVRT was not significantly associated 

with medial OFC among boys (r=−0.27, p=.15) or girls (r=−0.24, p=.19) with ADHD, 

suggesting an equivalent contribution of both sexes to the overall group finding of negative 

correlation of CVRT with medial OFC FA. These differences in effect size between sexes 

are practically significant to moderate; the difference in r2 between groups for the M1-

CVRT correlation is 0.13 (practically significant), between M1-Commission errors r2 is 0.14 

(practically significant), and between MOFC-Commission errors r2 is 0.24 (practically 

significant to moderate).

DISCUSSION

The present findings provide novel evidence for sex-specific differences in neural substrates 

potentially underlying ADHD symptomatology. Among boys, ADHD-related abnormalities 

were observed in WM microstructure in regions commonly associated with basic motor 

response control, specifically M1. In contrast, ADHD-related abnormalities among girls 

were observed in the microstructure of prefrontal regions subserving motivation and top-

down emotional regulation, specifically medial OFC. Furthermore, diffusion anisotropy 

within identified regions (M1 and medial OFC) was correlated with ADHD-associated 

deficits in both CVRT and commission error rate. Within sex, M1 FA was associated with 

CVRT in boys and with commission error rates in girls, while medial OFC FA was 

associated with commission errors in boys.

This study represents the first attempt to deliberately examine sex differences in 

investigation of WM microstructure in regions underlying response control in children with 

ADHD. Of the existing neuroimaging studies in this area, both of which were anatomic, not 

DTI studies, only Mahone et al.11 and Dirlikov et al.24 included enough girls with ADHD in 

the sample to examine sex-related differences. Mahone et al.11 found that premotor grey 

matter volumes were associated with response variability in boys, but not girls; in contrast, 

Dirlikov et al.24 found different patterns of reduced cortical surface area in boys and girls, 

suggesting premotor reductions in boys with ADHD, but prefrontal reductions in girls with 

ADHD. Our findings support and extend this work, suggesting that this sex-based 

dissociation is also present in the underlying white matter.

Consistent with the anatomic findings of Dirlikov et al.,24 our investigation revealed 

prefrontal rather than motor/premotor WM abnormalities in girls with ADHD. This is 

consistent with prior behavioral studies showing more deficits in planning and strategy in 

girls with ADHD,19 as the medial OFC has been shown to have a role performing such 

planning tasks.43,44 Our finding of higher FA among girls with ADHD appears 

counterintuitive, as reduced FA is most commonly associated with pathology. However, 

previous work has shown higher FA values associated with ADHD status, including within 

prefrontal regions.12,17,29,45 This finding may be due to reduced neuronal branching near the 

WM/GM interface among girls with ADHD, as reduced “fanning” of fibers on a sub-voxel 

scale may result in elevated FA.
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Examining associations between WM microstructure and measures of response control 

among children with ADHD, we find that across sexes, FA in the identified regions (M1 and 

MOFC) correlates with commission error rate as well as with ISV in reaction time (as 

measured by CVRT). This provides further evidence that disrupted WM microstructure 

within these regions contributes to the core deficits in response control that characterize 

ADHD. However, some discrepancy emerged between the microstructure differences and 

their behavioral correlates within sexes, as commission error rate was associated with FA in 

medial OFC among boys (not girls), but girls differed most from their TD peers in this 

region. Likewise, commission error rate was associated with M1 FA only in girls, while 

diagnosis-related differences in M1 FA were seen only in boys. It is conceivable that an 

aberrant developmental process in the medial OFC in girls with ADHD and in the M1 in 

boys with ADHD results in insufficient support of response control, and thus, reduced 

correlations with commission errors. Regarding CVRT, lack of significant correlations in 

girls may reflect reduced ISV in CVRT (e.g., restricted range). Notably, the CVRT-medial 

OFC correlation was significant across the group with ADHD as a whole, while showing a 

similar but non-significant correlation strength within girls and boys with ADHD. 

Considering that M1 FA and medial OFC FA show similar strength of relationship with 

CVRT, both across and within sex, findings of non-significance at the within-sex level may 

be attributable to lack of statistical power for subgroup analyses.

Consistent with prior work, our findings of WM abnormalities in motor regions in boys and 

in prefrontal regions in girls may reflect maturational differences in girls and boys of this 

age. Specifically, posterior regions (e.g., motor cortex) mature before more anterior regions, 

particularly medial OFC, which shows a protracted developmental course.46 Thus, findings 

of prefrontal differences in girls but not boys with ADHD fit within the framework of the 

relatively more advanced developmental trajectory of cortical development in girls relative 

to boys.16 Furthermore, OFC has been associated with affective regulation,47 a capacity that 

matures later in life, consistent with the extended developmental span of the OFC. Given 

findings of greater vulnerability to mood disorders in girls with ADHD,8 differences in WM 

microstructure development in OFC may underlie some of these risks. Relative to controls, 

present findings of reduced M1 FA in boys with ADHD but greater medial OFC FA in girls 

with ADHD may also reflect the developmental course of these brain regions; it is possible 

that lower FA in earlier-developing M1 reflects decreased integrity of more streamlined 

WM projections characteristic of this region, with this reduction in FA associated with 

poorer response control. In contrast, in later-developing regions such as medial OFC, higher 

FA in girls with ADHD may reflect relative lack of complexity in the emergence of more 

complex projections.

Strengths of this study include the relatively large sample and deliberate oversampling for 

girls with ADHD, permitting examination of sex-related differences in WM response 

variability associations. Furthermore, the sample was carefully selected and screened for 

comorbidities, and groups were matched on age, sex, handedness, and IQ, suggesting that 

any differences likely reflect ADHD-related findings rather than sampling artifacts. Potential 

limitations of this study include this careful screening, which eliminated participants with 

typical comorbidities seen in ADHD. Screening was designed to provide a relatively “pure” 

sample of ADHD, enabling examinations of brain-behavior associations not limited by other 
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potentially confounding factors. However, such screening may make findings somewhat less 

generalizable to community youth with ADHD, in whom comorbidity is quite common. 

Additionally, screening likely contributed to the relatively high intellectual ability of the 

sample, likely due in part to exclusion of commonly occurring comorbidities. The lack of 

sex difference in symptom severity and rate of comorbid ODD in this sample also suggests 

that girls in the sample exhibited a more severe ADHD phenotype than is typical for 

community samples. Furthermore, DTI has a number of recognized limitations, including 

susceptibility to partial volume effects, inability to resolve intra-voxel crossing fibers, and 

reduced spatial resolution compared to T1 anatomical imaging. This investigation used 

methods designed to reduce these limitations as much as possible.

In sum, our findings suggest a sexually dimorphic pattern of frontal WM abnormalities in 

children with ADHD, such that boys show greater involvement of motor regions crucial to 

more basic aspects of motor response control, whereas girls show greater involvement of 

prefrontal regions important to top-down regulation of higher-order emotional and 

behavioral responses. This study is among the first to examine sex differences in WM 

microstructure and associations with response control measures in children with ADHD. As 

such, results advance our understanding of the differential contribution of frontal WM 

anomalies in ADHD to the characteristic difficulties with response control associated with 

the disorder.
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Figure 1. 
Regions of interest in the frontal lobe atlas, grouped by premotor or prefrontal regions. Note: 

DLPFC = dorsolateral prefrontal cortex; OFC = orbitofrontal cortex; PFC = prefrontal 

cortex.
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Figure 2. 
Stripcharts showing fractional anisotropy (FA) within white matter of the primary motor 

(M1) region bilaterally and medial orbitofrontal cortex (MOFC) bilaterally, across sex and 

diagnosis. Note: There was a significant sex-by-diagnosis interaction on FA in both MOFC 

(p=.001) and M1 (p=.011): boys with attention-deficit/hyperactivity disorder (ADHD) 

showed significantly lower M1 FA relative to typically developing (TD) boys (p=.015), 

whereas girls with ADHD showed significantly higher MOFC FA (p=.001) relative to TD 

girls.
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Figure 3. 
Association between response control measures (Coefficient of Variation in Reaction Time, 

Commission error rate) and regional fractional anisotropy (FA) values in the primary motor 

region (M1) and bilateral medial orbitofrontal cortex (MOFC) in attention-deficit/

hyperactivity disorder (ADHD). Note: Increased variability was significantly associated 

with lower FA in both regions (M1: p<.001, MOFC: p=.022); for M1 this effect was 

primarily observed in boys. Higher commission error rate was associated with lower FA in 

both regions (M1: p=.001, MOFC: p=.026). This association was observed primarily in girls 

for M1 and in boys for MOFC.
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