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1. Introduction
Attention Deficit/Hyperactivity Disorder (ADHD) is characterized by inattention,
hyperactivity and/or impulsivity inappropriate for one’s age that negatively impacts at least
two aspects of the individual’s life (e.g., school, work, and/or home life) (DSM-IV).
Although early conceptualizations of ADHD suggested the disorder was limited to
childhood, recent research indicates that the majority of individuals with ADHD continue to
exhibit impaired functioning in adulthood (Faraone & Biederman, 2005; Faraone,
Biederman & Mick, 2006; Kessler et al., 2007). Although little is known about brain
morphometry in adults with ADHD, neuroimaging studies have documented clear
differences in brain morphometry between children and adolescents diagnosed with ADHD
as compared to control samples. Using various volumetric and region of interest (ROI)
approaches, these studies have typically examined differences at the level of lobes (e.g.,
parietal) or specific subcortical structures (e.g., the caudate). A recent meta-analysis of such
studies (Valera et al., 2007) revealed that anatomical differences are most often noted for
total cerebral volume and right cerebral volume, cerebellar regions, the splenium of the
corpus callosum, and the right caudate. Although fewer studies have investigated the
anatomy of frontal regions specifically, findings of reduced cerebral volume in these areas
exist as well (Castellanos et al., 1996; Durston et al., 2004; Filipek et al., 1997; Hill et al.
2003; Kates et al., 2002; Mostofsky et al., 2002).
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Despite an abundance of literature using voxel based morphometry (VBM) to examine the
brain morphology of children and adolescents with ADHD, only a few studies have
examined adults who have been diagnosed with ADHD (Seidman et al., 2006; Makris et al.,
2007; Monuteaux et al., 2008; Biederman et al. 2007; Perlov et al., 2008; Hesslinger et al.,
2002). Hesslinger and colleagues (2002) found reduced left orbitofrontal cortex (OFC) in
individuals with ADHD using a manual segmentation technique. A study by Makris and
colleagues (2007) report decreased cortical thickness in a number of regions involved in
executive functioning including bilateral DLPFC, orbitofrontal cortex, regions of the
cingulate gyrus, and the inferior parietal lobule. A study by Seidman and colleagues (2006),
examined the same sample as that of Makris and colleagues, found decreased volume in the
left superior frontal gyrus and anterior cingulate cortex of the right hemisphere. Using a
priori defined ROIs, Monuteaux and collegues (2008) found reductions in overall mean
volume of DLPFC and cerebellum, while Biederman and colleagues (2007) found reduced
volume of neocortex grey matter, overall frontal lobe, superior frontal cortex and anterior
cingulate regions as well as reduced volume of cerebellar grey matter. Hence, evidence is
mounting that the brains of adults with ADHD show morphological differences from control
samples.

Given the relative paucity of research on brain morphology in adults with ADHD, further
investigation is warranted. The current study utilized a college-aged sample, unlike previous
studies examining brain morphology in adults with ADHD (Monuteaux et al., 2008;
Biederman et al. 2007; Perlov et al., 2008) in which the mean age was in the early or
mid-30s,. Furthermore, because the majority of prior studies examining VBM in adults with
ADHD have used manual tracing segmentation techniques or ROI based approaches
(Seidman et al., 2006; Makris et al., 2007; Monuteaux et al., 2008; Biederman et al. 2007;
Perlov et al., 2008) an investigation using an unbiased approach to VBM (Optimized VBM)
is warranted.

Optimized VBM was used in the present study to accomplish two main goals. First, we
compared morphometry in a well-characterized sample of young adults who met DSM-IV
(American Psychiatric Association, 2000) diagnostic criteria for ADHD but who were not
co-morbid for learning disabilities or psychiatric conditions to controls similar in age,
gender and IQ. In this manner, any morphometric differences between the groups are likely
to be due specifically to ADHD and also to be common across individuals with the disorder.
Second, because the causes of ADHD are thought to be multi-factorial, we took an
individual differences approach examining whether the degree of disruption in behavioral
performance within our ADHD group is associated with morphometric features. We selected
our measures of behavioral performance by choosing those that consistently yield the largest
effect size across studies when individuals with ADHD are compared to those without:
processing speed (PS), response inhibition (RI) and response variability (RV) (Willcutt et al.
2005). Furthermore, these behavioral performance measures assess well identified
dysfunction in ADHD, as it relates to attention towards specific stimuli, processing of those
stimuli, and the need to inhibit irrelevant stimuli. Although these measures have mainly been
identified in studies with children with ADHD, they provide a reasonable starting point for
studies with adults. We expected that group differences in brain morphology might exhibit
themselves in regions found in prior reports, and that relationships would be observed
between behavioral performance variables and brain morphology. To our knowledge, this is
one of the few optimized VBM (unbiased, operator free segmentation) study on adults with
ADHD to examine how behavioral performance relates to grey matter morphometry.
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2. Methods and Materials
2.1 Participants and Recruitment

We recruited the current sample as a part of a comprehensive examination of the internal
and external validity of different approaches to the measurement of ADHD in adults
(Willcutt et al. submitted).

2.1.1 Screening procedures—Initially, an unselected sample of 3,913 undergraduates
completed a battery of self-report rating scales that included a measure of current and
childhood symptoms of DSM-IV ADHD (Barkley & Murphy, 1998; American Psychiatric
Association, 2000), with 70% of all providing consent to obtain parallel ratings of DSM-IV
ADHD symptoms from one of their parents. Participants who scored above the 90th
percentile of the total screening sample on either the inattention or hyperactivity-impulsivity
dimensions were invited for a more extensive individual testing session. That testing session
included a structured interview regarding DSM-IV ADHD (DSM-IV-R), the Matrix
Reasoning and Vocabulary subtests from the Wechsler Adult Intelligence Scale, Third
Edition (Weschler, 1997), and subtests from the Woodcock-Johnson Tests of Achievement,
Third Edition (WJ-III)(Woodcock, McGrew & Mather, 2001), that assess achievement in
mathematics (Calculations and Math Fluency) and reading-related domains (Letter-Word
Identification, Word Attack, and Spelling)(See Table 1).

All participants completed multiple measures of functional impairment to ensure significant
impairment across setting. The DSM-IV rating scales included several questions regarding
the impact of ADHD symptoms on the individual’s social, occupational, educational, and
overall daily functioning. Participants also completed a more detailed questionnaire that we
developed to specifically measure impairment in academic performance (e.g., GPA,
completion of assignments, retention of material), interpersonal relationships, money
management (e.g., bounced checks, credit card debt, impulsive purchases), driving
performance (e.g., tickets, accidents), and occupational functioning (e.g., retention of jobs,
completion of assigned tasks). Finally, Global Assessment of Functioning Scale that
corresponds directly to Axis V in DSM-IV was assessed by asking the participant and parent
to rate the individual’s lowest overall functioning during the past year. Significant
impairment was quantified based on cutoff scores at the 93rd percentile of our overall
sample on a composite measure of each domain of impairment (Willcutt et al. submitted).

2.1.2 Identification of groups with and without ADHD—Four criteria were used to
operationally define participants with ADHD for the current study: (1) Retrospective ratings
by the participant or the parent indicated that he or she met DSM-IV criteria for the
combined type in childhood; (2) the participant either currently met criteria for DSM-IV
ADHD (N = 28) or scored above the 90th percentile on the ADHD symptom measures while
exhibiting marked functional impairment, consistent with the DSM-IV specification of
ADHD in partial remission (N = 3); (3) the ADHD symptoms led to significant functional
impairment across domains; and (4) the onset of the ADHD symptoms was prior to 12 years
of age. Although this last criterion is slightly less stringent than the DSM-IV requirement of
symptom onset prior to age 7, it has been used by other studies of adult ADHD due to
evidence that it may be more reliable and valid than the threshold specified in DSM-IV
(Barkley & Biederman, 1997).

2.1.3 Exclusionary criteria—Potential participants were excluded from both groups if
they reported a previous diagnosis of a Learning Disability or scored above a validated
screening cutoff for reading disability on the Adult Reading History Questionnaire (Lefly &
Pennington, 2000). Individuals with current psychiatric disorders, drug addiction, who were
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pregnant, left handed, had metal in their body that could not be removed (e.g., cardiac
pacemaker), or had a previous history of seizures or a head injury (all self reported), were
excluded.

The final groups included 31 participants with ADHD and 21 controls recruited from the
same overall sample of participants but who did not meet current or lifetime criteria for any
ADHD subtype based on parent or self-report. Initial comparisons of these groups support
the validity of our diagnostic procedures. Of the 31 participants in the ADHD group, 28 had
received a previous diagnosis of ADHD (mean age when diagnosed = 11.0 years), and 24
had received a prescription for stimulant medication.

2.2 Behavioral Performance
Variables All behavioral performance variable methodology can be found in supplementary
materials S1.

2.3 MR Image Acquisition
T1 weighted 3D IR-SPGR anatomical images were also collected along the coronal plane
(TR = 9 ms, TE = 2.0 ms, flip angle = 10°, inversion time = 500 ms; 220 mm FOV, 256 ×
256 matrix, 0.87 × 0.87 mm2 in-plane resolution, 124 slices, 1.7-mm slice thickness).

2.4 VBM Analysis
2.4.1 Whole Brain Analyses—Structural data was analyzed with FSL-VBM, a voxel-
based morphometry style analysis (Ashburner & Friston, 2000; Good et al., 2001) carried
out with FSL tools (Smith et al., 2004). First, structural images were brain-extracted using
BET (Smith, 2002). Next, tissue-type segmentation was carried out using FAST4 (Zhang,
Brady & Smith, 2001). The resulting grey-matter partial volume images were then aligned to
MNI152 standard space using the affine registration tool FLIRT, followed optionally by
nonlinear registration using FNIRT. The resulting images were averaged to create a study-
specific template, to which the native grey matter images were then non-linearly re-
registered using FNIRT. The registered partial volume images were then modulated (to
correct for local expansion or contraction) by dividing by the Jacobian of the warp field. The
modulated segmented images were then smoothed with an isotropic Gaussian kernel with a
sigma of 2, yielding full width half max (FWHM) 2×2.3mm = 4.6mm FWHM. Finally,
voxelwise GLM was applied using permutation-based non-parametric testing using Monte
Carlo simulations, correcting for multiple voxel comparisons across space.

2.4.2 Correlational Analyses—Behavioral performance variables were taken from a
neuropsychological battery conducted on all ADHD and control individuals. Three
composite measures of 1) Processing Speed, 2) Response Inhibition, and 3) Response
Variability were computed in the following manner. 1) Processing Speed was derived from
the WAIS digit symbol and symbol search subtests. 2) Response Inhibition was derived
from commission errors from both Conners’ continuous performance task (CPT) and the
AX-CPT, as well as standard stop signal reaction time (SSRT) from the Stop Signal task. 3)
Response Variability was derived from both the standard deviation of reaction time of total
hits from the CPT and AX-CPT, as well as the standard deviation of go reaction time from
the Stop-Signal paradigm. To detect group differences, scores for all variables were
converted to Z scores computed across all participants. For examining individual differences
as they related to brain morphometry within a group, scores were converted to Z scores
computed only across the participants within the group. In both cases, the composite
measure was computed by averaging across the Z values for the variables within that given
composite measure. These Z values were then used as covariates which were entered into an
FSL regression model predicting grey matter differences within groups.
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2.4.3 ROI Based Analysis—For a more fine-grained analysis of potential group
differences in brain morphology, we utilized ROI masks for brain regions that yielded
significant associations between behavior and brain morphology determined from the whole
brain analysis. These ROI masks, provided by the Montreal Neurological Institute (MNI),
were applied to each group’s concatenated warped group image, applied to the study
specific template and then were utilized to extract grey matter probability estimates of
volume within two regions: the superior parietal lobule (voxel=1570), and the right inferior
frontal gyrus (rIFG; voxel=3643). Furthermore, to examine morphometric characteristics of
rIFG in more detail, three masks (MNI) differentiating the pars opercularis (voxel=824),
pars triangularis (voxel=682) and the pars orbitalis (voxel=1247) regions within the rIFG
were used. These individual masks provided probability estimates of grey matter with which
behavioral performance variables could be correlated. The r values derived from these
correlations were then compared between groups to assess significance via Fisher’s Z.
Finally these masks were used to extract the overall grey matter volume within each region
for each group separately.

3. Results
3.1 Behavioral Results

3.1.1 Group Classification—As would be expected based on the way the sample was
defined, unpaired t-tests indicated that participants with ADHD exhibited significantly
elevated symptoms of ADHD in childhood and as young adults (see Table 1). In contrast,
the two groups did not differ significantly on measures of Full Scale, Verbal, or
Performance IQ estimated from the Matrix Reasoning, Vocabulary subtests, reading or
mathematics achievement. Overall, the analysis of our samples indicates they are well
matched with regards to overall intellectual ability, although the ADHD group shows clear
evidence of attentional dysfunction and significant functional impairment.

3.1.2 Behavioral Performance Variables—T-tests assuming unequal variance and N
within each group were performed on the three composite variables to examine group
differences. The composite score for processing speed yielded a significant group difference
[t(1,36)=1.98, p=0.055], suggesting that ADHD individuals exhibit slower processing speed,
as compared to controls. The composite score for response inhibition also yielded a
significant group difference [t(1,36)=−2.17, p=0.036], suggesting that ADHD individuals
exhibit increased commission errors and stop signal reaction time, which indicates a
deficiency in response inhibition as compared to controls. The composite score for response
variability yielded no significant group difference [t(1,36)=−.34, p=0.73]. Differences
between group Z scores can be found in Figure 1.

3.2 Anatomical results
3.2.1 Whole Brain Analyses—We conducted a whole brain optimized VBM analysis to
detect grey matter differences between ADHD and control individuals. We found no
significant differences between the two groups in overall grey matter volume (p>0.05) nor
any significant regional differences (p>0.05). Additionally, a whole brain analysis with
overall grey matter volume as a covariate produced no significant group difference (p>.05).

3.2.2 VBM Correlated with Behavioral Measures—The next set of analyses
examined whether the three composite measures: Processing Speed (PS), Response
Inhibition (RI), and Response Variability (RV) are related to brain morphometry. Each
group (ADHD, controls) was tested separately to identify significant correlations between
grey matter volume and the composite measures in a whole-brain analysis, using total grey
matter volume as a covariate. For the ADHD group, there was a significant positive
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relationship for PS, as slower PS predicted less grey matter volume in the anterior insula
spreading anteriorly to the right inferior frontal gyrus (rIFG; Fig. 2a).

The composite measure of RI yielded a significant negative correlation, such that increases
in commission errors and increased stop signal reaction time (SSRT) predicted significantly
less grey matter volume in the rIFG (Fig. 2b). The composite measure of RV also yielded a
significant negative correlation, indicating increased response variability predicted
significantly less grey matter volume in the rIFG (Fig. 2c) and the superior parietal lobule
(Fig. 2d). An overlay of all three results within rIFG to localize the anatomical relationship
is show in Fig. 2e. Results for the control group produced no significance correlations in a
similar whole brain analyses.

3.2.3 ROI Based Analysis on the Right Inferior Frontal Gyrus and Superior
Parietal Lobule—Although a whole brain analysis produced no significant differences
between ADHD and control individuals in grey matter volume, the finding of a significant
correlation between behavioral measures and rIFG and superior parietal lobule grey matter
volume within the ADHD group led us to perform a more fine-grained comparison of group
differences in grey matter volume in these regions. Anatomical masks (provided by
Montreal Neurological Institute) comprising regions that showed correlations in the ADHD
group were used to extract the overall grey matter volume. The masks used, localized the
rIFG region in general (Fig. 2f) and in an attempt to increase the sensitivity to detect
localized differences within the rIFG, the pars opercularis, pars triangularis and pars
orbitalis regions (Fig. 2g), as well as a mask for the superior parietal lobule (Fig. 2h). Total
grey matter volume was extracted from each ROI and compared via t-tests assuming
unequal N to assess any group differences within each ROI. This analysis revealed
significantly decreased grey matter volume in ADHD as compared to control individuals in
the total rIFG region [t(49)=2.91, p=0.005], the pars triangularis of the rIFG [t(49)=3.77,
p=0.0005], and a trend towards significance for the pars opercularis and pars orbitalis of the
rIFG [t(49)=1.69, p=0.10; t(49)=1.68, p=0.10, respectively]. The volume analysis of the
superior parietal ROI yielded no significant group differences.

Overall grey matter volume in each of these regions was then correlated with the three
composite behavioral measures within each group and Fisher’s Z-tests were used to assess
the difference in magnitude of the correlations between the groups (df = 30 ADHD, 20
Controls, p<0.02 Bonferroni corrected). These results indicate that the ADHD showed a
significantly greater correlation than the control group in the magnitude of the correlations
of grey matter volume in rIFG and the three distinct regions within, for all three composite
measures of behavioral performance (see Table 2).

4. Discussion
Our results provide evidence that three composite measures of behavioral performance are
linked to brain morphometry in young adults with combined-type ADHD. This sample of
young adults, who were carefully selected as exhibiting ADHD but not other psychiatric
disorders and/or learning disabilities, exhibited poorer behavioral performance as indexed by
slower Processing Speed (PS), reduced Response Inhibition (RI) and increased Responvbse
Variability (RV). These different manifestations of behavioral performance correlated
significantly with reduced grey matter volume in the rIFG and superior parietal lobule. In
contrast, no such relationships were observed within the control group, and the difference in
the magnitude of the correlations across groups proved significant. Although no differences
were found in a whole-brain optimized VBM analysis comparing the ADHD and control
group, a more focused analysis provided evidence of reduced grey matter in the ADHD
group compared to controls for the the rIFG (in total), the pars triangularis and additional
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trends towards significance for the pars-opercularis and pars-orbitalis. These findings
indicate a possible morphometric anomaly of the rIFG of young adults with ADHD.

While other studies examining brain morphometry in adults with ADHD have used whole
brain and ROI approaches, the current study is one in a few examining how behavioral
performance predicts unbiased estimates of grey matter differences between ADHD and
control individuals. The current results suggest that morphometric differences in young
adults with ADHD may indeed underlie and affect how these individuals perform on tasks
that assess object based stimulus-response behavioral performance characteristics that have
often been found effective in providing evidence for behavioral impairment in ADHD.

It is interesting to consider our results in reference to others who, using ROI parcellation
approaches, examined anatomical differences in a somewhat older sample of adults
(mid-30s) with ADHD (Seidman et al., 2006; Makris et al., 2007). Whereas we observed
grey matter reductions in ADHD individuals specifically in the rIFG, they have tended to
observe reduced grey matter in prefrontal, cingulate and lateral inferior parietal cortex. The
fact that we did not observe grey matter reduction in these other regions may have occurred
due to the highly selected nature of our sample. Our results are consistent with Seidman and
colleagues (2006) in that we too found no significant group difference in the caudate or
cerebellum, although morphometric differences were found in other regions. The lack of
difference in caudate volume is consistent with the report of Castellanos and colleagues
(2002) that these differences are observed in ADHD children but not adolescents, suggesting
perhaps that the morphological manifestations of ADHD may change with age. The current
results are consistent with others, who have found decreased grey matter volume in lateral
prefrontal cortex. However, while our study implicated rIFG, others have found reductions
in grey matter in DLPFC Monuteaux and colleagues (2008).

Our results are also consistent with the broader findings on individuals with ADHD, in
which dysfunction of rIFG is frequently noted. Studies show both reductions in rIFG
activation (Rubia et al., 2005; Smith et al., 2006) as well as, reduced volume of the inferior
rPFC (Filipek et al., 1997; Semrud-Clikeman et al., 2000). The rIFG is thought to be crucial
in response inhibition (Aron & Polldrack, 2006), as it sends important signals for
interruption of motor commands via the basal ganglia and motor cortex. Not surprisingly,
reduced response inhibition has been implicated and considered a hallmark of ADHD
dysfunction since research began on these individuals (Barkley, 1997).

Although it is not surprising that our behavioral performance composite measure of RI
indicated reduced grey matter volume within the rIFG, explanations as to why the other two
composite measures of PS and RV also yielded a significant relationship are less clear. One
possibility is that all three composite measures tap into the function of rIFG. Whereas, RI is
linked to the rIFG through the execution of inhibiting motor actions, PS and RV are linked
to object based stimulus detection and timing of responses. The rIFG is anatomically
connected to the posterior cortex and more specifically the ventral visual pathway (Corbetta,
1998; Corbetta, Kincade & Shulman, 2002), which processes and represents object based
stimuli. Clearly this processing and representation of object based stimuli is likely to
influence both PS and RV. One caveat that is worth mentioning is that RI and RV were
found to be highly correlated (r=.54) in ADHD individuals in the current study. This high
correlation may result because both composite measures use different components of the
same three tasks (CPT, AXCPT, Stop-signal; see methods section for full description), thus
they likely share within subject variance. However, the two composite measures showed
correlations with reduced grey matter volume in two different regions of the rIFG: RI
correlated with grey matter volume in the pars opercularis, whereas RV correlated with grey
matter volume in the pars triangularis. Although both regions have been implicated in the
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inhibition over motor responses (Aron & Polldrack, 2006; Chambers et al., 2007) it is
unclear why the two different regions correlated more highly with different composite
variables. Finally, perhaps our posterior to anterior dissociation of rIFG-opercularis -
triangularis -orbitalis, indicates the relative strength of object based stimulus representation
certain tasks elicit. Speculatively, RI and RV are possibly more tightly bound to concrete
object based stimulus representation, while PS is tied to more abstract task goals. This idea
follows the posterior-anterior gradient to abstraction of stimulus representation, that both
dorsal and ventral regions of PFC exhibit (Badre & D’Esposito, 2009).

Although interesting, there are certain limitations of our study. First, our sample size is small
compared to some other studies examining brain morphometry in children and adolescents
with ADHD (Castellanos et al., 2002). Second, our sample is functioning at a relatively high
level, successfully matriculating into a 4-year college degree program. Thus, it is unclear
whether any null results (whole brain analysis) are due to: 1) low power, 2) a sample that is
not as impaired as prior samples, 3) because of variability in the manifestation of ADHD in
adulthood, or 4) changes in the aspects of brain morphology associated with ADHD in
young adulthood as compared to childhood, adolescence or later periods of adulthood.
Third, the majority of our sample was currently prescribed medication. Although the long
term effects of stimulant medication on neural circuitry is largely unknown, it perhaps
affects brain regions, in which, we found null results. Further research will have to address
this issue. Lastly, our behavioral performance composite measures used to correlate with
grey matter volume are highly biased towards measuring response-related aspects of
processing. All three measures assessed object based stimulus-response aspects of
performance. These aspects of the tasks may explain why we show grey matter reduction
specific to the rIFG, which has been implicated in object based stimulus-response
processing. It is possible that correlating behavioral performance in tasks that tap other
cognitive processes, such as those that place high demands on working memory, would yield
different results.

Yet some of these limitations are the exact reasons why we believe our approach is
illuminating. First, very few studies have used an unbiased whole-brain study of brain
morphometry in individuals with ADHD. Such bias-free and automated methods may be
highly appropriate in situations, as is the case with ADHD, in which theory and existing
empirical findings do not always mesh cleanly. Second, due to the likely multi-factorial
influences leading to ADHD, we also performed correlational analyses to detect individual
differences, in addition to examining group differences. Lastly, our ADHD sample was very
carefully selected. To our knowledge, no other study has provided anatomical data from an
ADHD population that has been so carefully characterized with regards to ADHD
symptomology, screened to exclude cognitive or psychiatric comorbidities, and matched for
general intelligence. Because of this careful selection, however, our sample will be, by
necessity, relatively small. Moreover, because it is difficult or impossible to truly “control”
for such variables statistically (Miller & Chapman, 2001), our selected sample allows for a
more straightforward interpretation of the results. We are able to attribute any differences as
being directly related to attention-deficit/hyperactivity disorder and not other psychiatric
disorders or general intelligence.

In summary, our study suggests that the brains of high functioning young adults carefully
screened to ensure that they exhibit the symptoms of ADHD and not other psychiatric
disorders appear to exhibit less grey matter in the rIFG. Moreover, the amount of grey
matter volume in this region predicted behavioral performance on three measures on which
ADHD individuals usually show poorer performance than control individuals (which was
also the case in our sample). Although our findings will need replication, they are highly
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suggestive of an underlying neural dysfunction in right inferior regions of prefrontal cortex
in young adults with ADHD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Z scores for all three behavioral performance composite measures by group: PS =
Processing Speed, RI = Response Inhibition, RV = Response Variability. * indicates group
level significance at p≥0.05 (df = 20, 30; Control, ADHD individuals, respectively).
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Figure 2.
Significant results (p<0.05, df 30) of grey matter morphometry correlated with the
composite measures of: 2a) PS (Processing Speed; yellow/red) in the anterior insula and
rIFG, 2b) RI (Response Inhibition; blue) in the rIFG, 2c) RV (Response Variability, green)
in the rIFG and 2d) superior parietal lobule and 2e) an overlay of all three significant
findings, highlighting the localization within rIFG (red circle) in ADHD individuals. Figure
2f–h shows the masks used to extract grey matter volume in the 2f) rIFG-Total (red), 2g)
rIFG-Opercularis (green), rIFG-Triangularis (blue), rIFG-Orbitalis (pink) and 2h) the
superior parietal lobule (yellow). All images are shown in radiological convention (right on
left side of image).
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Table 1

Descriptive characteristics of the Control and ADHD samples.

GROUP

Control ADHD

M (SD) M (SD) t

Descriptive characteristics

Age 19.3 (1.1) 20.0 (1.7) 1.59

Percent female 61.1% 38.9% 1.78

DSM-IV ADHD symptoms

 Childhood

  Inattention 0.9 (0.9) 7.3 (2.1) 11.96***

  Hyperactivity-impulsivity 1.1 (1.1) 6.3 (2.0) 9.64***

 Current

  Inattention 1.3 (1.4) 6.3 (2.4) 7.65***

  Hyperactivite-impulsivity 1.6 (1.1) 4.9 (2.4) 5.23***

WAIS-III Estimated IQ scores

 Performance 113.1 (11.0) 114.1 (9.1) 0.33

 Verbal 112.2 (11.4) 114.6 (11.4) 0.64

 Full Scale 112.6 (9.1) 114.2 (7.3) 0.55

WJ-III

 Reading and Spelling

  Letter Word ID 103.6 (8.1) 99.2 (9.4) 1.52

  Word Attack 97.1 (8.4) 99.1 (8.8) 0.70

  Spelling 104.5 (6.9) 102.1 (8.8) 0.82

 Math

  Calculations 108.3 (15.4) 105.7 (16.2) 0.46

  Math Fluency 101.2 (11.3) 94.9 (9.3) 1.68

*
=p<0.05

**
=p<0.01

***
=p<0.001.
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