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Figure 3: CGM- Right Mid Frontal Gyrus
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Figure 4: CGM- Right Superior Occipital Gyrus
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Ø Chronic marijuana use is associated with 
alterations in diffusion within the frontal, parietal, 
and occipital lobes which may reflect changes in 
axonal integrity. 

Ø  Calculation of intra- and inter-observer reliability  
Ø  Evaluation of more regions  
Ø  Increase sample size 
Ø  Comparison to adolescent marijuana users 
Ø  Design a longitudinal study to further investigate the 

effects of THC on neurodevelopment 

 
Ø  Marijuana (THC) is the most commonly used illicit 
drug in the United States1 and chronic use has been 
associated with memory deficits2.  
 
Ø  Diffusion tensor imaging (DTI) uses water 
movement to detect micro-structural changes in the 
brain.   

Ø  DTI studies have produced conflicting results as 
to whether or not THC use is associated with 
structural alterations3-6. 

Ø  One reason for inconsistencies may be the use 
of different DTI analysis protocols, such as 
TBSS, FACT, and manual region of interest 
(ROI) placement. 
Ø  The use of Large Deformation Diffeomorphic 
Metric Mapping (LDDMM)8 minimizes intra- 
and inter-rater variability, can be used for single 
subject analysis, and improves the accuracy of 
ROI placement. 

Ø  HYPOTHESIS: Chronic adult marijuana users will 
show micro-structural alterations in regions related to 
language and working memory.  

Ø  Subjects underwent a battery of neuropsychological tests 
measuring various cognitive domains (e.g. working memory).  

Ø Auditory Verbal Learning Task (AVLT) 
Ø  Rey-Osterrieth Complex Figure (RCF) 

  
Ø  3 T Siemens Trio Scanner (Erlangen, Germany) 

Ø  Axial spin-echo EPI DTI scans with full-brain coverage 
(12-diffusion-directions, 28 slices, 4.6mm slice, 0.46mm 
gap, TR/TE=3700/88ms, 128x128x28, b factor=([0,1000]
s/mm2) were acquired. 
 

Ø  FA, ADC, aDiff, and rDiff were calculated using DtiStudio 
version 3.0.1beta7. 

Ø  ROI analyses utilized LDDMM8. 
Ø  65 bilateral regions were extracted, including 
subcortical, superficial white, and cortical gray matter 
regions.   

Ø  Data were analyzed using a 2-between (Drug Use & 
Gender) 1-within (Hemisphere) mixed model ANOVA.  

Ø  The regions presented in the results table were selected 
from the total set of significant data because of their 
reported involvement in language and working memory. 
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NS56883), National Center for Research Resources (G12RR003061 & P20RR11091), the Office of National Drug Control Policy, & the 
Queen’s Medical Center).  There are no conflicts of interest. 

Ø  Thank you to Drs. Susumu Mori and Kenichi Oishi for their guidance and support for MRI Studio Software. 
Ø  Thank you to Jeff Sadino for training our lab in using LDDMM, and Caroline Jiang for her statistical analysis support. 
Ø  Thank you to Drs. Chang and Ernst for allowing me to join their research team and for providing me with an education in the latest 

techniques and analyses in neuroscience and MR imaging.  Mahalo nui loa!  

Angular

Lateral F
ronto-O

rbital

Superior O
cci

pital
0.0000

0.0005

0.0010

0.0015 Male THC Users 
(MTHC) n = 15
Male Controls 
(MC) n = 15

Female THC Users
(FTHC) n = 10

Female Controls
(FC) n = 10

Figure 2: Mean Axial Diffusion Compared 
Across Subjects and Regions
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Results 

Ø  In our current study of young adults with a history of chronic marijuana 
use, we found micro-structural abnormalities, with lower diffusion in many 
regions, including those associated with language and working memory as 
hypothesized.  Lower ADC, axial and radial diffusivities may suggest more 
compact axonal fibers, resulting from altered neural development. 

Ø  Interestingly, our data suggests that brain regions associated with visual 
working memory and attention may be more susceptible to alterations in 
male THC users but not female THC users.  However, the sample size is 
still small in our group of female subjects.   
Ø  The micro-structure abnormalities in these regions also correlated with 

deficits in visual and verbal memory tasks, both required for working 
memory and attention. 

Ø  The brain regions associated with working memory have been shown to 
have cannabinoid (CB1) receptors present9,10, the main site of action of 
THC11.  Therefore, these micro-structural abnormalities in our marijuana 
users are consistent with the molecular action of this drug’s effect on the 
brain.  

 
Figure 1: JHU-MNI-SS-WMPM Type II 
atlas is superimposed on a single subject’s 
brain (FA map). The procedures were 
previously described8. 
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