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Abstract

Objective—To describe the relationship between altered white matter microstructure and
neurodevelopment in children with d-transposition of the great arteries (d-TGA).

Study design—We report correlations between regional white matter microstructure as
measured by fractional anisotropy (FA) and cognitive outcome in a homogeneous group of
adolescents with d-TGA. Subjects with d-TGA (n=49) and controls (n=29) underwent diffusion
tensor imaging and neurocognitive testing. In the group with d-TGA, we correlated neurocognitive
scores with FA in 14 composite regions of interest in which subjects with d-TGA had lower FA
than controls.

Results—Among the patients with d-TGA, mathematics achievement correlated with left parietal
FA (r=0.39, p=0.006), inattention/hyperactivity symptoms with right precentral FA (r=-0.39,
p=0.006) and left parietal FA (r=—0.30, p=0.04), executive function with right precentral FA (r=
-0.30, p=0.04), and visual-spatial skills with right frontal FA(r=0.30, p=0.04). We also found an
unanticipated correlation between memory and right posterior limb of the internal capsule FA
(r=0.29, p=0.047).
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Conclusion—Within the group with d-TGA, regions of reduced white matter microstructure are
associated with cognitive performance in a pattern similar to healthy adolescents and adults.
Diminished white matter microstructure may contribute to cognitive compromise in adolescents
who underwent open-heart surgery in infancy.
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brain; neurodevelopment; fractional anisotropy; MRI; d-TGA

Although survival of infants with congenital heart disease (CHD) has dramatically increased
in recent decades, many survivors manifest neurodevelopmental impairment. Studies of
children with d-transposition of the great arteries (d-TGA) demonstrate mild reductions in
intelligence quotient and more significant impairments in motor development, academic
achievement, visual-spatial skills, attention, and executive function.1=* These impairments
persist into adolescence and translate to greater educational resource needs, reduced quality
of life, and increased financial cost to society.>8

A growing literature has explored macro- and microstructural changes on brain magnetic
resonance imaging (MRI) that could underlie cognitive impairment in CHD patients. Most
studies have focused on the perioperative period surrounding infant heart surgery.®-11 In the
largest series of infants studied with conventional anatomic brain MRI before and after
congenital heart surgery, 20% had preoperative white matter injury, and an additional 42%
had new white matter injury in the postoperative period.12 Yet, perioperative white matter
injury has been observed to resolve on conventional MRI obtained later in the first year of
life.? Moreover, a study of adolescents found MRI evidence of white matter abnormality in
only 11% of patients who underwent cardiopulmonary bypass as infants.®

Quantitative MRI using diffusion tensor imaging (DTI) to measure fractional anisotropy
(FA) provides information on white matter organization at the microstructural level that is
not observed using conventional MRI techniques. One DTI study of infants with CHD
showed diffuse reductions in FA in frontal, perirolandic, and posterior white matter.13 White
matter microstructural changes are also apparent in adolescents born with d-TGA repaired in
early infancy.1* In other populations ranging from premature infants to patients with
dementia, DT changes have been reported to relate to cognition.1® 16 Given the specific
cognitive deficits in patients with d-TGA, quantitative imaging techniques may be more
sensitive than conventional anatomic imaging for detection of subtle changes that correlate
with cognitive impairment in this population.

We previously investigated the relationship between white matter microstructure and

clinical risk factors in adolescents with d-TGA repaired in early infancy. We used whole
brain DTI to measure white matter FA and identified regions of interest (ROI) that were
reduced in adolescents with d-TGA compared with control adolescents. For the present
study we correlated the FA for these ROIs with cognitive performance measured by standard
neuropsychological tests in adolescents born with d-TGA to determine the relationship
between reduced FA and cognition in this population.

J Pediatr. Author manuscript; available in PMC 2015 November 01.
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We studied adolescents recruited originally to the Boston Circulatory Arrest Study that
evaluated subjects with d-TGA undergoing the arterial switch operation before three months
of age between April 1988 and February 1992. We have previously published trial methods
and neurodevelopmental findings in the perioperative period and at ages 1, 4, 8, and 16
years.1: 4 6.17.18 | addition, adolescents were recruited to serve as controls for this study
and met criteria adapted from those used in the National Institutes of Health MRI study of
normal brain development.1® Children with known risk factors for brain disorders (e.g.,
intra-uterine exposure to toxicants, history of closed head injury with loss of consciousness,
language disorder or Axis 1 psychiatric disorder, first degree relative with a lifetime history
of an Axis 1 psychiatric disorder, or abnormality on neurologic examination) were excluded.
We also excluded subjects for whom MRI was contraindicated (eg, pacemaker, metal
implants) and those with Trisomy 21, adolescents with other forms of CHD requiring
surgical correction, and subjects whose primary language was not English. This study was
approved by the Boston Children’s Hospital Institutional Review Board and adhered to both
institutional guidelines and the Declaration of Helsinki. Parents provided written informed
consent, and adolescents provided assent.

We evaluated regions previously found to differ between our sample of subjects with d-TGA
and control adolescents using whole-brain DTI. Image acquisition and analysis, previously
described in detail, are summarized herein.1* Both d-TGA and control adolescents each
were scanned on a GE Twin 1.5T system (General Electric, Milwaukee, WI) at Boston
Children’s Hospital using a quadrature head coil. Acquisition measurements were: voxel
size=3.75x3.75x4mm?3, TR/TE=13000ms/108ms, # of diffusion-weighted directions=6,
b=750 s/mmZ. Axial slices were acquired to cover the whole brain. Repeated acquisitions
were obtained for each subject. Due to unacceptable artifact, some subjects contributed
fewer acquisitions than others; an analysis of variance showed that there was no significant
effect of series number (data not shown). All data were resampled to a resolution of
256x256.

SPMS5 software (http://www.fil.ion.ucl.ac.uk/spm/) was used.20 First, each subject’s
reference image was partitioned into gray matter, white matter, and cerebrospinal fluid.
Extra-brain tissue was removed, and the reference images were nonlinearly registered to
standard space. A study-specific template was created using the normalized reference
images from all study subjects. Next, FA images from each subject were nonlinearly
registered to this template.2? Finally, the normalized FA images were smoothed, and voxels
with FA < 0.15 were removed, to increase signal-to-noise ratio and exclude nonwhite matter
voxels.

All FA images were entered into random effects analysis in SPM5 to identify regions in
which control FA was significantly greater than d-TGA FA. The resulting statistical map
was thresholded to indicate voxels surviving P<0.0001 (uncorrected) with a spatial cluster
extent of 20 voxels or more. Eighteen voxel clusters demonstrated significantly lower FA in
subjects with d-TGA relative to controls.24 However, in order to reduce the number of FA
variables, we combined adjacent white matter clusters to generate the final 14 composite
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ROIs used for the correlation analysis: midbrain, right cerebellum, left cerebellum, right
parietal, left parietal, right temporal isthmus, left temporal isthmus, right posterior limb of
the internal capsule (PLIC), right anterior cingulate tract (ACT), right precentral, right
frontal, right insula, anterior corpus callosum (ACC), and right basal ganglia (Figure 1;
available at www.jpeds.com). Importantly, these 14 composite ROIs did not contain any
structural abnormalities or punctate T1-weighted signal abnormalities consistent with white
matter mineralization.

Neuropsychological test scores of adolescents with d-TGA and controls were reported
previously in detail.® Briefly, to assess academic achievement we used the Wechsler
Individual Achievement Test-Second Edition (WIAT) mathematics composite and reading
composite scores.?! For memory we used the General Memory Index of the Children’s
Memory Scale (CMS).22 To assess attentiveness and hyperactivity, we used the sex-specific
attention deficit hyperactivity disorder (ADHD) Index T score from the Conners Rating
Scales-Revised parent version (CADS-P).23 An executive function summary score was
derived from the Delis-Kaplan Executive Function System (DKEFS) by averaging standard
scores on the letter fluency and category fluency trials of verbal fluency, primary combined
measure on design fluency, combined conditions score on sorting, total consecutively
correct score on word context, and total achievement score on tower.24 Separately, executive
function was assessed using the Behavior Rating Inventory of Executive Function-Parent
Version (BRIEF-P) general executive composite score.25 Visual-spatial function was
measured using the visual closure subscale of the Test of Visual-Perceptual Skills (TVPS) as
this subscale was thought to be sensitive to subtle processing impairments.26 Finally, we
assessed social cognition with the Adult Autism Spectrum Quotient (AQ).2” Intelligence
quotient (1Q) had been previously measured at 8 years of age in the subjects with d-TGA
using the Wechsler Intelligence Scale for Children-Third Edition.28

We collected demographic and medical variables thought to influence MRI findings or
cognition including gestational age, age at MRI, sex, socioeconomic status at 16 years of age
(defined as Hollingshead Four Factor Index of Social Status score),2° total cooling duration,
presence of clinical or electrographic seizures, length of hospital stay, any open-heart
surgery after the arterial switch operation, and high catheterization exposure (defined as =3
diagnostic catheterizations or =2 interventional catheterizations).

Statistical analyses

We compared demographic characteristics between the d-TGA and control groups using the
Wilcoxon test for continuous variables and Fisher exact test for sex, and cognitive outcomes
using linear regression adjusting for social class. Sex-adjusted Pearson correlation analysis
was used to evaluate the relationship between regional FA in the 14 ROI and 8 cognitive
outcome measures in the d-TGA group. We adjusted for sex but not age given evidence for a
minimal effect of age on white matter microstructure within the study age range.3° The
significance level was set at p<0.05. With a sample size of 49 subjects with d-TGA, we had
80% power to detect a correlation of 0.40 or higher at the two-sided 0.05 level. We did not
adjust for multiple comparisons due to the exploratory nature of the analysis and
interrelatedness of cognitive functions and white matter networks assessed.
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We evaluated whether demographic and medical variables, including age, appreciably
affected the relationship between FA and cognition in the subjects with d-TGA via
multivariable stepwise linear regression models. Sex and regional FA were included in all
models, and we employed a significance threshold of 0.05 for entry of demographic and
medical variables into the models.

Finally, we performed two secondary analyses. First, we assessed sex-adjusted Pearson
correlations between FA obtained at 16 years of age and 1Q scores measured at 8 years in
the group with d-TGA. 1Q, measured at 8 years of age in the current cohort of subjects with
d-TGA, was not repeated in adolescence to allow adequate time for cognitive testing in other
domains with the expectation that Wechsler 1Q scores measured at 8 and 16 years would
demonstrate relative stability across this age range.3! 32 Second, we also performed sex-
adjusted Pearson correlation analysis of regional FA with cognition including both subjects
with d-TGA and controls while adjusting for the main effect of group in order to take
advantage of increased sample size and a wider range of FA values and cognitive scores.

Data from 49 adolescents with d-TGA and 29 control subjects were included in the final
analysis. The scans of an additional 33 adolescents with d-TGA and 11 control subjects were
excluded from analysis due to unacceptable signal artifact. Demographic characteristics of
gestational age, sex, and age at MRI in the excluded subjects did not differ from those of
subjects included in the final analysis. Adolescents with d-TGA, compared with controls,
were older at MRI, more likely to be male, and lower in socioeconomic status, but had
similar gestational age (Table I).

Among the subjects with d-TGA, median cooling duration was 15 minutes (interquartile
range, 13-20 minutes), and median time in hospital was 8 days (interquartile range, 7-11).
Four subjects had seizures (8%), 3 had high catheterization exposure (6%), and 7 had open-
heart surgery after the arterial switch operation (14%). At 8 years of age, mean full-scale 1Q
was 100.6 (standard deviation, 15.9), mean verbal 1Q was 103.7 (standard deviation, 16.6),
and mean performance 1Q was 97.1 (standard deviation, 15.1).

A table summarizing the complete sex-adjusted Pearson correlation analysis used to evaluate
the relationship between regional FA in the 14 regions of interest and 8 cognitive outcome
measures in the group with d-TGA is provided Table Il (available at www.jpeds.com). Table
Il and Figure 2 present regions with statistically significant sex-adjusted Pearson
correlations with cognitive outcomes in the subjects with d-TGA. Correlations that did not
meet the significance threshold but are of particular interest are included in the text. Within
the group with d-TGA, mathematics achievement correlated with left parietal FA (Figure 3,
A). Seizures and socioeconomic status significantly contributed to the model using left
parietal FA to predict WIAT mathematics composite score (p=0.047 and p=0.007,
respectively); adjustment for these factors slightly strengthened the association (r=0.42,
p=0.003). Reading achievement did not show any significant correlation with regional FA.
Memory function measured with the General Memory Index score of the CMS correlated
with FA in the right PLIC.
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Inattentiveness and hyperactivity symptoms measured by the CADS-P sex-specific ADHD
Index T score, which rises as parent-reported symptoms increase, inversely correlated with
right precentral (Figure 3, B) and left parietal FA. Of interest, there was also a trend towards
inverse correlation with FA in the right ACT (r=-0.26, p=0.07). High catheterization
exposure significantly contributed to the model using right precentral FA to predict CADS-P
score (p=0.03), but its inclusion in the model did not appreciably affect the strength of the
association (r=—0.40, p=0.005). Executive function measured with the BRIEF-P general
executive composite score, also a parent-report symptom scale in which higher numeric
value corresponds to greater executive function impairment, correlated inversely with FA in
the right precentral region. Visual-spatial skills assessed with the TVPS visual closure
subscale correlated with FA in the right frontal region.

Within the d-TGA group, there were four instances in which lower FA predicted better
cognitive scores. Both WIAT composite mathematics score and the DKEFS executive
function summary score correlated inversely with FA in the left temporal isthmus. In
addition, CADS-P ADHD Index T score correlated directly with FA in the ACC, and AQ
score correlated directly with FA in the right precentral region; for both of these outcome
measures higher scores indicate greater impairment, so increased symptoms of ADHD and
reduced social cognition were associated with higher FA. High catheterization exposure
significantly contributed to the model using ACC to predict CADS-P score (p=0.045), but
its inclusion did not appreciably affect the strength of the association (r=0.29, p=0.046).

Two secondary analyses were performed. In the first exploratory analysis, in which regional
FA was correlated with 8-year 1Q scores in the subjects with d-TGA, verbal 1Q correlated
with FA in the right PLIC (r=0.31, p=0.03) and there was a marginally significant
correlation between full-scale 1Q and FA in the right PLIC (r=0.25, p=0.08). In the second
exploratory analysis, both subjects with d-TGA and controls were combined to increase
sample size and to expand the range of FA and cognitive score values. These sex-adjusted
Pearson correlations were also adjusted for group because both groups were included. In this
analysis, the trend towards inverse correlation between CADS-P score and right ACT FA
became statistically significant (r=-0.23, p=0.04) and the correlation between visual closure
and right frontal FA remained significant (r=0.23, p=0.04) (Figure 3, C and D).

Discussion

We found many correlations between FA and cognitive performance. These findings are
consistent with the hypothesis that white matter injury resides in the causal pathway for
neurocognitive impairment.

In the group with d-TGA, WIAT mathematics composite score, incorporating math problem
solving and numerical operations, correlated with left parietal FA. Prior neuroimaging work
indicates that a left fronto-parietal network mediates calculation, modulated by mathematical
operation, size of calculation, and the child’s math proficiency.3® Indeed, a relationship
between mathematics performance and left parietal FA has been found in healthy children
and those with velocardiofacial syndrome.36: 37 The region of left parietal white matter in
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which FA correlates with mathematics achievement score in our cohort lies within these
math-associated domains.

We also identified correlations between parent ratings of ADHD symptoms and executive
function and fronto-parietal white matter microstructure. In our subjects with d-TGA, the
CADS-P ADHD Index T score, reflecting parent perceptions of sustained attention,
hyperactivity, and impulsivity, correlated with FA in right precentral and left parietal white
matter. A trend for correlation between symptoms of ADHD and FA in the right ACT in the
group with d-TGA became significant when control subjects were included in analyses.
These correlations reflect well characterized, distributed systems mediating attention
including fronto-parietal and -striatal regions connected via extensive white matter

tracts.38: 39 Parent ratings of attention correlate with FA in deep posterior white matter
among boys with and without ADHD, and continuous performance task scores correlate
with right anterior cingulate FA in healthy adults.2%: 41 ADHD often co-exists with executive
function impairment, and similarly parent-reported symptoms of executive function
impairment correlated with FA in right precentral white matter. As with attention, the
cognitive functions comprising executive function are mediated by prefrontal cortex and
fronto-parietal connections, and impaired executive function has been found to correlate
with white matter abnormality, particularly when injury occurs early in life.34 42-45 |t is
possible that diminished fronto-parietal connectivity adversely affects attentional control and
executive function in children with d-TGA.

The visual closure subtest of the TVPS, thought to be sensitive for detecting subtle
functional impairment in visual-spatial skills, correlated with FA in right frontal white
matter. Visual-spatial information processing pathways integrate bilateral fronto-parietal
regions of brain.*6 Among healthy adolescents, higher FA in right fronto-parietal white
matter correlates with better performance on visual-spatial information processing
paradigms.*’: 48 The correlation between visual-spatial performance and right frontal FA
was significant in both d-TGA and combined group analyses, suggesting a particularly
robust relationship between white matter microstructure and this cognitive measure in our
cohort.

Although, in general, higher FA was associated with better cognitive scores, we identified
four instances in which higher FA predicted poorer cognitive performance. As left temporal
isthmus FA increased, mathematics and executive function scores declined. Similarly,
higher ACC FA was associated with more ADHD symptoms, and higher right precentral FA
predicted reduced social cognition. Although in many studies higher FA has correlated with
better cognitive performance, the opposite has also been found. Adolescents with ADHD
have been shown to have uniquely higher FA in the inferior frontal regions, and in
William’s syndrome, visual-spatial skills correlate inversely with superior longitudinal
fasciculus FA.49 50 A study of adults with mild traumatic brain injury found increased FA in
the genu of the corpus callosum, possibly related to shifts in extracellular fluid restricting
perpendicular diffusion along tightly packed axons.> These findings highlight the
possibility that aberrant FA, both increased and decreased values, may reflect alteration of
white matter organization that adversely affects cognition.

J Pediatr. Author manuscript; available in PMC 2015 November 01.
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We observed correlations between FA of specific regions of white matter and individual
cognitive measures. Importantly, correlation between regional white matter microstructure
and cognition may reflect a multifocal alteration of function. As most higher cognitive
function is mediated by more than one, interconnected gray matter locus, an alteration of
white matter microstructure in a given region may adversely affect the cooperation of two or
more cortical gray matter loci.

We found an unanticipated correlation between FA in deep white matter of the PLIC and
memory. Similarly, exploratory analyses with 8-year 1Q measures revealed a correlation
between PLIC FA and verbal 1Q, and a trend towards correlation with full-scale 1Q.
Although the 1Q findings should be interpreted with caution given the discrepancy in age
between FA and 1Q measurements, these findings support a relationship between white
matter microstructure in the PLIC and cognition in our cohort. The internal capsule harbors
connections from frontal and parietal cortex to basal ganglia, thalamus, brainstem, and
cerebellum via thalamocortical, corticopontine, and corticospinal tracts. Recently, spatial
working memory has been found to correlate with putamenal volume and, similarly, 1Q has
been found to correlate with cerebellar, caudate, frontal, and parietal gray matter volumes in
typically developing children.52 Accumulating evidence suggests that motor and cognitive
functions not only interrelate but may also depend on development of identical cortical and
subcortical structures.>3: 54 Further, evidence supports a role for these tracts in cognition,
with the posterior limb specifically involved in verbal and non-verbal fluency tasks.5® FA in
the PLIC has been found to correlate with both reading ability in typically developing
children and overall mental health functioning, as indicated by the Children’s Global
Assessment Scale, in adolescents born at very low birth weight.>6-58 Work in infants with
CHD has also shown that cortical and subcortical injury can alter maturationally-expected
increases in PLIC FA.52 We speculate that the correlations we identified between PLIC FA
and cognition may relate to direct involvement of non-motor corticothalamic and
thalamocortical white matter tracts carried in the PLIC or to reduced FA in the PLIC serving
as a sensitive marker of more widespread brain injury.

Our study has some limitations. First, even though our sample size is substantial for a
neuroimaging cohort, the study may be underpowered to detect some relationships. Second,
this study focused on specific regions of difference in white matter FA between adolescents
with d-TGA and controls. We hypothesized that the prenatal, perinatal, or perioperative
course of patients with d-TGA exerted an adverse effect on brain white matter during
infancy that persisted into adolescence and was detectable by measurement of white matter
microstructure FA. White matter fiber tracts interconnect the cortical components of neural
networks essential for higher cognitive function. Although white matter microstructure alone
is unlikely to explain all of the cognitive differences between controls and adolescents with
d-TGA, compromise of the long and short white matter tracts that interconnect cortical gray
matter loci is known to impair cognitive processing.® 16 Further studies will evaluate
cortical thickness and gray matter volumes. Third, we used clinical instruments to assess
functional implications of cognitive impairments. Use of clinically-based cognitive outcome
tools improves the clinical applicability of our findings but sacrifices some specificity of
cognitive correlation. Fourth, we correlated performance measures of 1Q taken at 8 years of
age with white matter microstructure measures obtained from the same patients at 16 years
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of age. Even though the 1Q and anatomic white matter data were acquired at different ages,
1Q generally remains stable during this period of development. Finally, our study population
was limited to patients with d-TGA, who underwent reparative open-heart surgery in early
infancy, potentially limiting generalizability of our findings to children with other cardiac
lesions or those whose surgery was performed beyond early infancy.

The American Heart Association (AHA) and the American Academy of Pediatrics (AAP)
recommend routine medical and developmental evaluation into adolescence for certain high-
risk cardiac populations, particularly those children with abnormal neuroimaging findings.50
Our results in this sample of adolescents with d-TGA support this recommendation.
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Figure 1.
Orthogonal collapsed sagittal (A.), coronal (B.), and axial (C.) views of brain map for

significant differences in FA for subjects with d-TGA versus controlss. Areas in which
subjects with d-TGA white matter FA is significantly lower than that of control subjects is
given by gray scale shading and is located in deep white matter of both hemispheres in
frontal, parietal, and temporal lobes as well as cerebellum and midbrain. L=left; R=right.
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L temporal

R precentral

Figure 2.
Sagittal, coronal, and axial views of the 6 regions of interest with statistically significant

sex-adjusted Pearson correlations between FA and cognitive measures in the subjects with
d-TGA.
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Regression lines (with 95% confidence intervals) demonstrating the correlation between
cognitive outcomes and regional FA in d-TGA subjects (panels a and b) or subjects with d-
TGA and controls combined (panels ¢ and d), not adjusting for sex. a) WIAT mathematics
composite score increases as left parietal FA increases (sex-adjusted Pearson r=0.39,
p=0.006). b) Parent Conners ADHD Index T score decreases, indicating fewer ADHD
symptoms, as right precentral FA increases (sex-adjusted Pearson r=-0.39, p=0.006). c)
Parent Conners ADHD Index T score decreases, indicating fewer ADHD symptoms, as right
ACT FA increases (sex-adjusted Pearson r=—0.23, p=0.04). d) TVPS visual closure score
increases as right frontal FA increases (sex-adjusted Pearson r=0.23, p=0.04).
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Demographic characteristics and cognitive outcomes of subjects with d-TGA and controls from whom DTI

data were acquired at 16 years of age

Variable d-TGA (n=49)  Control (n=29) p"
Gestational age, weeks 40 (39.5-40) 40 (39.5-40) 0.42
Age at MR, years 16.2 (16.0-16.4) 149 (14.2-16.1) <0.001
Sex, % male 84 52 0.004
Social class at 16 y of age™™ 48 (36-56) 57 (53-61) 0.001
Wechsler Individual Achievement Test

Mathematics composite 100.7 + 18.6 110.1+13.8 0.22

Reading composite 100.1+154 1112+ 117 0.03
General Memory Index 92.9+185 104.0+15.8 0.15
Parent Conners ADHD Index T-score 52.7+12.0 454 +4.7 0.003
Executive function summary score 92+23 10815 0.02
Behavior Rating Inventory of Executive Function-Parent  55.6 + 12.8 442+85 <0.001
Test of Visual-Perceptual Skills

Visual closure 83.1+228 100.5 £ 23.9 0.02
Autism-Spectrum Quotient 179+5.3 13.6+5.3 0.003

Values are median (interquartile range) or mean + standard deviation when appropriate.

*
P-values determined by Wilcoxon or Fisher exact tests for demographic characteristics or linear regression adjusted for social status for cognitive

outcomes.

Fk

Score on Hollingshead Four Factor Index of Social Status, with higher scores indicating higher social status.
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Table 3

Correlations between regional FA and 16-year cognitive outcomes in subjects with d-TGA

Cognitive Outcome Composite ROI (Sex-adjusted Pearson r, p)

Wechsler Individual Achievement Test
Mathematics composite L parietal (0.39, 0.006); L temporal isthmus™ (<0.32, 0.03)

Reading composite -

General Memory Index R PLIC (0.29, 0.047)
Parent Conners ADHD Index T score R precentral (-0.39, 0.006); L parietal (-0.30, 0.04); ACC™ (0.29, 0.04)
Executive function summary score L temporal isthmus™ (-0.32, 0.03)

Behavior Rating Inventory of Executive Function-Parent R precentral (=0.30, 0.04)
Test of Visual-Perceptual Skills
Visual Closure R frontal (0.30, 0.04)

Autism-Spectrum Quotient R precentral™ (0.29, 0.047)

*
For these associations, lower fractional anisotropy correlated with better cognitive performance.
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