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 Cognitive control (CC) = supervisory control of cognitive functions 
including inhibition, attention, and working memory, supported by 
fronto-parietal circuitry
 White matter integrity (e.g. myelination) and CC develop 

through childhood, mature in mid-twenties

 Exercise improves CC and alters fronto-parietal brain function in 
children but it is unknown whether underlying structure is altered

 Cross-sectional evidence and an intervention in adults (Voss et al., In 
press) found that fitness is positively associated with white matter 
integrity (WMI) using diffusion tensor imaging (DTI)

 The superior longitudinal 
fasciculus (SLF) is an important 
fronto-parietal white matter 
tract involved in CC

 We tested the effect of an 8-month 
randomized controlled exercise 
intervention on SLF WMI in 
children, hypothesizing that 
the exercise group would show greater improvement 

Participants:
N = 18 sedentary, overweight (BMI ≥ 85th percentile) children (age 8 - 11
years, 94% African-American) from public schools in Augusta, GA

Intervention procedure:
Participants randomly assigned to one of two groups that were matched for: 
 Instructors (rotated between groups), daily supervised homework time,
snacks, bused from school, points for desired behavior (redeemed for prizes).

1) Exercise group (n = 10): instructor-led aerobic training 40 min/day after
school for 8 months (e.g., tag, jump rope). Heart rate was monitored each day 
with Polar s610i. Points for average HR > 140 bpm.
2) Attention control group (n = 8): instructor-led sedentary activities daily after 
school for 8 months (e.g., art, board games). Points for good behavior and 
participation.

Data collection:
 Participants completed DTI scans (3 B0, 30 diffusion weighted images) and 

the Cognitive Assessment System, a standardized individual assessment of 
children’s cognitive processes

 Teachers completed the Behavioral Rating Inventory of Executive Function 
(BRIEF), a measure of cognitive control in the classroom

Analysis:
 Standard preprocessing in FSL, tractography in individual space using 

ExploreDTI with established anatomical markers (Wakana et al., 2007)
 Fractional anisotropy (FA) and radial diffusivity (RD) values extracted
 FA is a value from 0 – 1 indicating the directionality of water diffusion 

(higher is generally interpreted as greater WMI)
 RD measures water movement perpendicular to axons (lower values are 

often interpreted as greater myelination)
 Repeated measures ANOVAs for group X time interaction as test of exercise
 Group X time X attendance interaction
 HR and HR X attendance correlated with changes in exercise group only

 Exploratory k-means cluster analyses investigating whether WMI was 
associated with improved cognition
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Results - RMANOVA

 We found a dose-response effect of exercise per se, apart from other program 
elements
 Attendance at an after-school exercise intervention improved white 

matter integrity; attendance at a sedentary after-school program did not
 Heart rate and dose of exercise (heart rate x attendance) also correlated 

with improved WMI (increased FA, reduced RD, |r| = .71 - .93).
 Changes were found in FA and RD but not in other measures (axial 

diffusivity and mean diffusivity), suggesting that changes were more likely 
due to increased myelination than other microstructural changes.

 Overall, improved WMI was associated with improved attention and teacher 
ratings of cognitive control in the classroom.

 Improved WMI may underlie exercise-induced differences in cognitive 
control and brain activation that may affect classroom behavior.

 This work is in press at Developmental Neuroscience.

Superior longitudinal fasciculus

Conclusions

Two k-means cluster analyses were conducted: one used FA and RD from left SLF, the 
other used FA and RD from right SLF. In left SLF, Cluster 1 showed increased FA and 
decreased RD, and fewer classroom behavior problems than Cluster 2. In right SLF, 
Cluster 1 showed increased FA and decreased RD and improved CAS Attention scores.
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No group X time interaction, but group X time X  
attendance interactions were found for FA in the left 
SLF (p=.02) and trend in right SLF (p=.06), and RD in 
left and right SLF (both p=.04). X-axis of all graphs 
shown below is attendance (% of days offered).
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