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•     Despite a relatively high prevalence of Attention-deficit/hyperactivity disorder (ADHD) in patients with Bi-
polar Disorder (BP)1,  few studies have addressed BP/ADHD comorbidity when interpreting MRI findings. 

• Recent studies of brain function and structure in BP and/or ADHD indicate that there are some abnormali-
ties unique2,3 to each disorder and some that overlap4 ,  raising the question as to whether or not a combined 
(BP/ADHD) diagnosis is a subtype of either disorder.

• Existing studies have proposed two models for the combined effect of BP and ADHD:  (1) that the effects of 
the diagnosis are independent, so that the BP/ADHD comorbid group gets gets an additive impact of the two 
disorders3 or (2) that there is an interaction whereby the effect of the combined diagnosis on brain structure  is 
different from  what would be expected based on the effects of the individual diagnoses.4,5

• Using cortical pattern matching (CPM) registration procedures along with tools to measure cortical gray 
matter thickness, we sought to clarify the independent/overlapping contributions of BP and ADHD diagnoses 
to brain structure in comorbid BP/ADHD subjects. These methods improve upon traditional registration meth-
ods by using sulcal landmarks to align corresponding anatomy across subjects.6

• We hypothesized that the comorbid  neural phenotype would reflect additive effects of ADHD and BP in 
some cortical regions, as well as an exacerbation of these effects in other regions. Given that the prefrontal 
cortex (PFC)  and anterior cingulate cortex (ACC) are regions reported to be functionally 4,5,9 as well as 
structurally3,7,8 abnormal in both BP and ADHD patients, we focused on these regions in our investigation of 
the ADHD impact on the BP neural phenotype.  
We fit a General Linear Model with a two by two  
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• A total of 85 subjects were included  in this study, consisting of  31 healthy controls (CON), 17 BP-only sub-
jects, 19 ADHD-only subjects, and 18 BP/ADHD subjects. Subject groups did not differ significantly in age or 
gender distribution. 

• All subjects were scanned on a 1.5 Tesla (T) Siemens Sonata MRI scanner to obtain contiguous sagittal 
high-resolution three-dimensional magnetization-prepared rapid gradient echo (MPRAGE) T1-weighted 
images (160 slices; field of view=256mm; isotropic voxel size=1x1x1mm; TR/TE: 1900/4.38 ms).
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Results from our interaction analyses, presented above in Figure 2, show:
  
1) In the right lateral orbitofrontal cortex (BA 47), BP was associated with corti-
cal thinning in the absence of ADHD, while in the presence of ADHD there was 
no significant effect.  (Figure 2b). 
 
2) In subjects with ADHD, BP was associated with cortical thinning in the left 
subgenual cingulate (BA 25). There was no effect of BP in the absence of ADHD 
(Figure 2c). 

Results from our main effects analyses, presented below in Figure 3,  show:

1)   BP was associated with cortical thinning in bilateral PFC (BA10 and 11) and left 
ACC (BA 24 and 32), regardless of an ADHD comorbidity (Figure 3a). 

2)   ADHD was associated with both cortical thinning and thickening across brain 
regions. There were no main effects of ADHD in our a priori regions of interest 
(Figure 3b). 
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•   The presence of ADHD significantly impacted the effect of bipolar disorder on cor-
tical thickness, specifically in the right lateral orbital frontal cortex (BA 47) and left 
subgenual cingulate (BA 25).

•   Interactions were found in the anterior limbic circuit, which has been implicated in 
previous studies as a possible neurological basis for the characteristic emotional 
dysregulation associated with BP.  Specifically,  the cortical thinning in right BA 47 
found in subjects with BP was not found in subjects with a  combined BP/ADHD di-
agnosis. 

•  The magnitude and direction of the impact of ADHD on BP’s effect on cortical 
thickness was dependent upon the brain region in question.

• These findings highlight the need for future studies of bipolar disorder to screen 
or control for ADHD comorbidity.  
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Results
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Figure 2 (above):  a) Significance maps show the interaction of ADHD and BP on cortical thickness .  Average corti-
cal thickness values (adjusted for age and sex) in  b) right BA 47 and c) left BA 25. 

b)

Figure 3 (above):  Significance maps showing the main effect of a) BP  and b) ADHD on cortical thickness.  Negative p 
values indicate regions  associated with cortical thinning.;  positive p values indicate regions associated with in-
creased cortical thickness.  c & d) Significance maps showing  post-hoc pairwise comparisons of  c) BP-only vs. con-
trols  and d) BP/ADHD vs. ADHD-only.  

c) b) 

*Indicates significant differences (p<0.05) in cortical thickness between groups
‡ Indicates trend level differences (p<0.10) in cortical thickness between groups

Figure  1.  Outline of techniques used in  preprocessing,  cortical pattern matching, and statistical interpreta-
tion of cortical thickness at each surface point 6. 

•  We fit a General Linear Model with a two by two  design (BP diagnosis, ADHD diagnosis and their interac-
tion) at each  cortical surface point, adjusted for age and gender, to produce p-maps of the joint effects of the 
disorders.
 
•    We performed permutation analyses across brain regions to localize interaction effects in our a priori re-
gions of interest (PFC and ACC), as well as other regions which were treated as exploratory. We then plotted the 
average cortical thickness in regions reflecting a significant interaction to detrmine the direction of the inter-
actions. 

Table 1. Subject Demographics


