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Abstract

Background—Childhood Attention Deficit Hyperactivity Disorder (ADHD) persists into
adulthood in around half of those affected (1), constituting a major public health challenge(1). No
known demographic, clinical or neuropsychological factors robustly explain clinical course,
directing our focus to the brain. Herein, we link the trajectories of cerebral cortical development
during childhood and adolescence with the severity of adult ADHD.

Methods—Using a longitudinal study design, 92 participants with AHD had childhood (mean
10.7 years, SD 3.3) and adult clinical assessments (mean 23.8 years, SD 4.3) with repeated
neuroanatomic magnetic resonance imaging. Contrast was made against 184 matched typically
developing volunteers.

Results—ADHD persisted in 34 (37%) subjects and adult symptom severity was linked to
cortical trajectories. Specifically as the number of adult symptoms increased, particularly
inattentive symptoms, so did the rate of cortical thinning in the medial and dorsolateral prefrontal
cortex. For each increase of one symptom of adult ADHD the rate of cortical thinning increased by
0.0018mm (SE 0.0004, t=4.2, p<0.0001), representing a 5.6% change over the mean rate of
thinning for the entire group. These differing trajectories resulted in a convergence towards typical
dimensions among those who remitted and a fixed, non-progressive deficit in persistent ADHD.
Notably, cortical thickening or minimal thinning (greater than -0.007mm/year) was found
exclusively among individuals who remitted.
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Conclusion—Adult ADHD status is linked with the developmental trajectories of cortical
components of networks supporting attention, cognitive control and the default mode network.
This informs our understanding of the developmental pathways to adult ADHD.
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Introduction

Many children with ADHD do not simply grow out of their ADHD; around half of affected
children will continue to meet full criteria for ADHD as adults (2). Deficits in attention are
more persistent than hyperactivity and impulsivity (3, 4) and are strongly linked with
academic underachievement, underemployment and problems with interpersonal
relationships (5, 6). The public health impact of ADHD that persists into adulthood is
substantial given that ~2.5% of adults have the disorder (7, 8). The costs arising from direct
health-care and loss of productivity lie between $3,000 to $11,000 each year for every
affected individual, an estimate which does not include less quantifiable factors such as the
adverse effects on quality of life, self-esteem, and impact on family members (9, 10).

Understanding the pathophysiological mechanisms underpinning variable clinical outcome
of ADHD and other neuropsychiatric disorders is thus a public health priority. It is also a
precursor for eventually developing tools to assist in the early identification of those who are
likely to show persistence as opposed to remission of ADHD symptoms. Epidemiological,
clinical and neuropsychological studies have generally not yielded findings that robustly
explain clinical outcome: this includes variables such as gender, ethnicity, socio-economic
class and childhood symptom severity (11-15). Indeed, only the presence of other comorbid
childhood diagnoses emerges as a consistent predictor of persistence of ADHD into
adulthood, and the link is not strong (16, 17). This prompts a search for changes in brain
structure that may more directly drive clinical outcome.

We focus on cerebral cortical structure, specifically its thickness, given that studies have
found that the cortical mantle is thinner in adults with ADHD in regions important for
cognitive control and attention- principally the cingulate cortex, the dorsolateral prefrontal
cortex (18-21). A thinner cortex has also been reported in the more posterior cortical
regions, particularly midline regions such as the precuneus and cuneus (Proal et al 2011).
While highly informative, previous imaging studies have been exclusively cross-sectional,
which limits the delineation of the neurodevelopmental trajectories that might characterize
ADHD, particularly its variable clinical outcome.

We thus examined the association between trajectories of cerebral cortical development
during childhood and adolescence and adult ADHD symptoms. Based on our previous
preliminary work, we reasoned that clinical improvement would be associated with a
convergence towards typical cortical dimensions, and persistence with a divergence away
from typical dimensions (22, 23). To examine this question we use a unique data set that
combines repeated clinical assessment from childhood into adulthood with neuroanatomic
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magnetic resonance imaging to link the trajectories of cerebral cortical development with
adult symptoms of ADHD.

All participants are part of a longitudinal study into the neurobiology of ADHD at the
intramural program of NIH. The principal inclusion criterion for initial study entry was
childhood ADHD, diagnosed using Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition) (DSM-1V) criteria and determined using the Parent Diagnostic Interview
for Children and Adolescents (24). All participants additionally had a Conners' Teacher
Hyperactivity rating greater than 2SD above age and sex specific means. Exclusion criteria
were a full-scale 1Q of less than 80, evidence of medical or neurological disorders, or any
other axis | psychiatric disorder requiring treatment with medication at study entry. All
participants had at least one magnetic resonance image (MRI) of the brain acquired below
the age of 17 years. Socioeconomic status was defined using the Hollingshead Scales (25)
and intelligence quotient was estimated using age appropriate version of the Wechsler
intelligence scales.

Inclusion into this follow-up study was based on age: eligible individuals had reached the
age of 17 years or over at the time of the study. Assessment of adult ADHD (at age 17 years
or older) was obtained through clinical interviews (either PS or WS) using the clinician
administered ADHD-RS-1V, providing examples and prompts appropriate for late adolescent
and young adult group (26). This interviewer rates each of the 9 possible DSM-1V-R
symptoms of inattention and 9 symptoms of hyperactivity/impulsivity on a 4—point Likert
scale: 0=none, 1=mild; 2=moderate=3=severe. In the primary analysis we used a rating of
‘severe’ as the cut-off to define symptom presence. We also repeated analyses using the
‘moderate’ cut-off for symptoms (and obtained very similar results). ADHD, combined type,
is diagnosed when an individual has both six or more symptoms of inattention and six or
more symptoms hyperactivity/impulsivity. The inattentive or hyperactive/impulsive subtypes
are diagnosed when symptoms are confined to these domains. Inter-rater reliability was high
(kappa>0.92). Presence of other axis 1 psychiatric diagnoses was established through the
Structured Clinical Interview for DSM Disorders. Also obtained was the Conners Adult
ADHD Rating Scale long version (CAARS), which provides self-assessment of severity of
ADHD symptoms and has a well-established factor structure, reliability, and validity (27).
The proportion of time that subjects were treated with psychostimulants throughout the
study was determined from patient records.

Comparison was made against typically developing controls, drawn from a study of typical
brain development. Two comparison subjects were drawn for each ADHD individual. All
comparison subjects remained free of all axis 1 DSM-1V mental disorders throughout the
duration of the study. The ADHD and typically developing control groups were matched on
the sex, age of assessments, socio-economic status, and intelligence.

Two hundred and three individuals from the original cohort of children with ADHD were 17
years or older at the time of the follow-up study (2006-2011) and thus eligible for follow-up.
At study entry 191 (94%) of these individuals had combined type ADHD; 8 (4%) had
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inattentive subtype and 3 (2%) had predominately hyperactive-impulsive subtype. Of these
203 individuals, reassessment in adulthood was completed in 111 (55%). The reasons for
loss to follow-up are given in Figure S1 in the Supplement. Of these 111 subjects, 19 had
MRI data which showed movement or others artifacts. This left 92 individuals with both
clinical assessments and neuroimaging acquired in both in childhood and adulthood. This
group of 92 individuals was the basis for the primary longitudinal analyses. At study entry
the mean age of this group was 10.7 years (SD 3.3). Of these 92 individuals, at study entry
87 had combined type ADHD, 3 had predominately inattentive subtype and 2 had
predominately hyperactive-impulsive subtype. This group of 92 individuals had a higher
socio-economic status than those lost to follow-up and a trend to higher estimated
intelligence, but did not differ significantly in sex, age of study entry or baseline clinical
symptom severity- See Table S1 in the Supplement. The mean age of final assessment of
these 92 individuals was 23.8 years, (SD 4.3) and the mean duration of follow-up was 13.1
years (SD 3.6 years). Scans in the different outcome groups were well balanced in terms
of the date of acquisition.

The institutional review board of the National Institutes of Health approved the research
protocol, and written informed consent and assent to participate in the study were obtained
from parents and children, respectively.

Neuroanatomic methods

Analyses

Tl-weighted images with contiguous 1.5-mm axial slices were obtained using three-
dimensional spoiled gradient recalled echo in the steady state on a 1.5-Tesla GE Signa
scanner (General Electric Co., Milwaukee). Imaging parameters were as follows: echo
time=5 msec, repetition time-24 msec, flip angle-45, acquisition matrix=256x192, number
of excitations=1, field of view=24 cm. The same scanner was utilized throughout the study.
Native magnetic resonance imaging (MRI) scans were masked using the Brain Extraction
Tool (28), registered into standardized stereotaxic space using a nine-parameter linear
transformation (29), corrected for nonuniformity artifacts (30) and segmented (31, 32). The
Constrained Laplacian Anatomic Segmentation using Proximity surface extraction
procedure generated surface meshes representing white and gray matter interfaces (33). The
root mean square thickness between corresponding nodes on the surface meshes was
calculated in native space. A 30-mm surface blurring algorithm, which preserves cortical
topologic features, was used to reduce noise in thickness measurements (34). Thickness
measurements were aligned using surface registration to maximize thickness value
correspondence between participants in terms of gyral patterning (35).

In the primary analysis we determined where the trajectory of cortical development from
childhood into adulthood was associated with the number of ADHD symptoms in adulthood.
We treated symptom scores as a continuous variable in this analysis. Symptom scores
provide more variance as an outcome measure than categories and thus may augment the
detection of outcome related cortical changes. Additionally, there is ongoing discussions on
the appropriate number of symptoms required to make a diagnosis of adult ADHD in the
forthcoming revision of the DSM (36). We thus regressed cortical thickness against
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symptom score, age, and the interaction between symptom score and age using mixed-model
regression. This approach was taken as our data contains different numbers of observations
in participants, measured at different and irregular time periods (37). A random effect for
each individual was included to account for within-person dependence. Thus, for cortical
points, the jth cortical thickness of the ith individual was modeled using the following
equation,

Thicknessij = intecept dil(age)ﬁZ(symptoms)ﬁ?a(symptoms * age)eij

where d; is a random effect modeling within-person dependence; the intercept and B terms
are fixed effects, and ejj represents the residual error. The interaction between age and
symptoms is given by the B3 fixed effect. This slope parameter denotes how the cortical
thickness changes with age as a function of final adult symptom score. T tests were used to
test the significance of each parameter in the mixed model regression and the results
projected onto a brain template. We also applied a false discovery rate procedure to adjust
for the multiple comparisons. A linear age model was used previous studies suggest that the
dominant effect of age is linear decline over this age range ((38-41). Graphs illustrating the
developmental trajectories of clusters were generated using fixed-effects parameter
estimates. The false discovery rate procedure was applied to control for multiple
comparisons with a g value of 0.05 (42). In a subsidiary, illustrative analysis we used
ordinary least square regression to calculate the slopes (or cortical trajectories) in regions
that were linked to outcome in the primary mixed model analysis for each individual. This
was done purely for illustrative purposes and these individual level slopes were not used in
any further analyses.

Comparison was made against a group of 184 typically developing youth (providinga 2 to 1
match) with a total of 498 neuroanatomic scans- see Table S1 in the Supplement. In these
analyses, the ADHD subjects were grouped into those who showed clinical remission versus
those who had persistent ADHD. Remission in these analyses was defined as having fewer
than 6 symptoms of inattention and fewer than 6 of hyperactivity/impulsivity. The
‘persistent” ADHD group combined the three forms of ADHD (inattentive/ hyperactive-
impulsive and combined) allowing for a more robust estimate of group trajectory. It should
be noted that the persistent group thus contains individuals who improve in the sense of
moving from combined type ADHD in childhood to predominately inattentive or
predominately hyperactive-impulsive subtype by adulthood. Nonetheless, all individuals in
the “persistent’ group meet current DSM-1V criteria for one of the subtypes of ADHD.

To determine whether any cortical regions in the baseline childhood scan were associated
with later adult outcome we regressed baseline cortical thickness values against adult ADHD
symptom counts.

By adulthood, the mean number of total symptoms for the ADHD group was 6.4 (SD 4.3)
and the distribution of symptoms is shown in Figure 1. Inattentive symptoms were more
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persistent (mean 3.8, SD 2.6) than hyperactive and impulsive symptoms (mean 2.6, SD 2.3).
This was reflected in adult DSM-IV diagnoses: of the 92 subjects with longitudinal
neuroimaging data, 21 (23%) had inattentive subtype, 9 (10%) had combined type and 4
(4%) had hyperactive-impulsive subtype ADHD. Fifty-eight subjects (63%) no longer met
DSM-IV criteria for ADHD by adulthood.

The rate of persistent ADHD was higher in females but the outcome groups did not differ
significantly in estimated intelligence, baseline clinical characteristics, socio-economic
status ethnicity- Table 1. There was a trend to higher rates of psychiatric current
comorbidities in those with persistent ADHD. As would be expected, psychostimulant
treatment at the time of final assessment was significantly more common among those with
the persisting disorder (x 2=Il, p<0.001). However, the proportion of the time on
psychostimulant medication during the entire study did not differ significantly between the
outcome groups — see Table 1b and Supplement 1.

In the primary analysis we determined where trajectories of cortical development from
childhood into adulthood were significantly associated with ADHD symptoms in adulthood.
In the right hemisphere, cortical slopes in the medial cortical wall and dorsolateral prefrontal
cortex were associated with the total number of adult symptoms, following adjustment for
multiple comparisons — Figure 2. The medial regions centered on the cingulate gyrus, in its
posterior regions with extension into the caudal regions and isthmus. Additionally, there was
extension along the medial prefrontal cortex and posteriorly into the precuneus, cuneus and
fusiform gyri. In these regions, the rate of cortical thinning increased by 0.0009mm/year
(SE0.00023mm/year) for each increase of one symptom. Details for each region are given in
Table 2. In the left hemisphere, adult ADHD symptoms were associated with the cortical
trajectories in similar medial regions, specifically the caudal anterior cingulate, the
paracentral lobule, precuneus and the postcentral gyrus. The magnitude of the increase in
cortical thinning associated with increasing adult ADHD symptoms was -0.0010mm/year
(SE 0.00024mm/year). To place these results in perspective, the rate of cortical thinning in
the regions shown in Figure 2 for the entire group with ADHD was -0.017 mm/year (SE
0.0011mml/year). The increasing rate of thinning accompanying each increase of one
symptom represents a 5.6% change over this group estimate. There was also a nominally
significant association between trajectories in the right inferior parietal lobule and adult
ADHD status, although this did not survive the adjustment for multiple comparisons.

The link between cortical trajectories and ADHD outcome was largely driven by inattentive
symptoms. The magnitude of the change in cortical thinning associated with increasing
inattentive symptom counts is given in Table 2b. No region remained significantly associated
with adult hyperactive-impulsive symptoms following adjustment for multiple comparisons.

The slopes for every individual within the regions shown in Figure 2 was calculated and
plotted against adult inattentive symptom counts. This illustrates that either thickening or
minimal thinning of the cortex was associated with adult remission — Figure 3. Ranking the
slope estimates for the right hemispheric region in Figure 2, the highest 24 values, indicating
either cortical increase or a minimal cortical thinning rates of greater than -0.007mm/year
were found among those who had fewer than six inattentive symptoms by adulthood.
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Similarly for the left hemispheric regions linked outcome, the top 17 values (rates greater
than -0.01mm/year) were all found in those who remitted.

To elucidate further the impact of these dynamics of cortical change, we contrasted the
cortical trajectories of the persisting and remitted ADHD groups against a typically
developing group — Figure 4. For the regions linked with adult total ADHD symptoms score
(shown in Figure 3) the remitted group showed a less negative slope (i.e. slower rate of
cortical thinning) in the medial/cingulate cortex (right -0.013mm/year, SE 0.001; left
-0.018mm/year SE 0.0016) than the persistent ADHD group (right hemisphere, -0.021 mm/
year, SE 0.002, t=3.28, p=0.001; left hemisphere, -0.026 mm/year, SE 0.002; t=3.37,
p=0.0008). This result would be expected as this is a categorical re-description of the earlier
symptom score findings. The remitted group also showed a slower estimated rate of cortical
thinning than the typically developing group (right -0.019mm.year SE 0.0009, t=3.05,
p=0.002; left -0.024mm/year SE 0.001, t=3.32, p=0.0009). The typically developing and
persistent ADHD group did not differ significantly in cortical trajectory in this region (all
p>0.1). As a result of these different slopes, the remitted ADHD group converged to typical
dimensions with age whereas the persistent ADHD group showed a fixed, non-progressive
deficit. Slope estimates for each group for the remaining cerebral cortical regions are given
in Table S2 in the Supplement.

Finally, we examined whether any cortical region in the baseline scans were associated with
adult ADHD symptoms. No regions were found.

We found no higher order interactions between sex, age and symptoms in the determination
of cortical thickness - see Figure S2 in the Supplement. The slopes of cortical trajectories
also did not correlate significantly with any measure of baseline symptom severity (all
p>0.1). Results also held when the values of cortical thickness at the time of the last scan
were entered as a covariate. The pattern of results held when the 21 subjects with any
comorbid conditions were excluded — see Figure S3A in the Supplement.

Slope estimates in the cortical regions linked with clinical outcome also did not correlate
significantly with the proportion of time on psychostimulants during the study (for the
regions linked with total symptom count, r=-0.17, p=0.11; for regions linked with
inattentive symptom count r=-.14, p=0.19). Results were largely unchanged when the 23
subjects who were taking psychostimulants at the time of the final assessment were
excluded- see Figure S3B in the Supplement.

Discussion

Trajectories of cerebral cortical development from childhood into adulthood are associated
with the adult outcome of ADHD. In predominately medial cortical regions, higher rates of
cortical thinning are associated with higher levels of adult ADHD symptoms.

The differing trajectories were centered bilaterally on the cingulate gyrus and medial
prefrontal cortex extending to the precuneus and the right dorsolateral prefrontal cortex.
These regions span several of the brain networks most closely linked with ADHD. Firstly,
the cingulate is a key hub of the cingulo-operculum network that maintains task performance
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and monitors for behaviorally salient stimuli (43). Additionally, we link outcome with
components of the fronto-parietal control network, specifically the anterior cingulate,
dorsolateral prefrontal cortex and inferior parietal lobule. These richly interconnected
regions guide much goal-directed behavior, controlling cognitive processes such as the
inhibition inappropriate responses and the adjustment of behavior in the response to
feedback (44, 45). Decreased activation of these cortical regions found in ADHD during
tasks requiring cognitive control and working memory and may underpin the symptoms of
the disorder (45, 46). These functional anomalies are complemented by reports of
compromised structural integrity in these structures and interconnecting white matter tracts
(18-21, 47). Finally, clinical outcome was also linked with the developmental trajectory of
the posterior cingulate gyrus. This is a central hub in the network of brain regions that show
decreased activity during cognitive tasks but increased activity during rest, the so-called the
‘default mode network’ (48, 49). Abnormal activity in this default mode network has been
found in ADHD and may lead to disruptions in task-related brain activity, manifesting as
lapses in attention that are a cardinal feature of ADHD (50-52). The clinical course of
ADHD is thus linked with the developmental trajectory of key cortical components of the
executive control, attentional and default mode networks. In this context, it is unsurprising
that our findings are driven more by the course of inattentive than hyperactive-impulsive
symptoms.

We find that thickening or minimal thinning (greater than -0.007mm/year) of these cortical
regions occurred exclusively among those whose symptoms, particularly those of
inattention, decreased by adulthood to a level below the current threshold for diagnosis.
However, it is important to note that clinical improvement was also associated with cortical
thinning. This observational study was not designed to provide prognostic biomarkers,
however, the associations we find between cortical trajectories and the clinical endpoint of
adult ADHD status suggest that cortical trajectories are a promising tool for future study.

It has been argued that structural and functional normalization of the cortex is the
mechanism underpinning symptomatic remission in ADHD (22, 53). Ideally this hypothesis
should be tested using neuroimaging within the context of a clinical trial but in the absence
of this data, our observational supports this concept. We find that the remitted ADHD group
tends to converge toward typical dimensions whereas the persistent ADHD group shows
more fixed, non-progressive deficits. The trajectory differences associated with adult
outcome remained significant following adjustment for multiple comparisons only in the
medial prefrontal/cingulate and dorsolateral prefrontal cortical regions shown in Figure 2,
but were present at a nominal level of significance in other lateral cortical regions. In an
earlier study into the cortical correlates of adolescent outcome (mean age of 15 years) with a
shorter follow-up period of ~6 years, we likewise found links between right parietal cortical
trajectories and clinical course (23). Those who showed clinical improvement showed
convergence towards more typical cortical dimensions and this link held in the current study,
albeit at a nominal level of significance. The current study, which raises the mean age of
follow-up to 23.5 years, reports more extensive links between clinical outcome and
trajectories, particularly in medial prefrontal cortical regions. One possibility is that an
adolescent endpoint is too ‘early’ to capture fully the cortical correlates of improving
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inattention. The current study also uses a version of neuroimaging software that affords a
more precise definition of the medial cortical wall than was available at the time of the
earlier study(35). While we find stronger associations between cortical trajectories and
inattentive symptoms this could in part reflect the lack of variance in hyperactive-impulsive
symptoms at the adult endpoint. A larger study would be needed to test this possibility, and
would also allow us to contrast the trajectories of the different subtypes of adult ADHD -
combined, inattentive and hyperactive-impulsive. We treated symptom scores as a
continuous rather than ordinal variable in this study, although note the paucity of evidence
supporting this assumption.

The study benefitted from the use throughout the entire study of the same neuroimaging
sequences acquired on the same magnetic resonance scanner. While the integration of data
sets collected using different scanners and sequences is possible (54), it presents challenges.
The inclusion criteria for the study resulted in a homogenous, severely affected phenotype at
baseline: nearly all subjects had combined type ADHD and were relatively free of other
major psychiatric comorbidities beyond oppositional defiant disorder. While this enhances
the applicability of the results to the ‘pure’ syndrome it limits the generalizability of the
findings to children with either inattentive or hyperactive-impulsive subtype ADHD. Our
subjects were also drawn from a relatively socio-economically affluent area and a priority
for future work is the inclusion of a more diverse sample. This factor may also contribute to
the high 1Q in our participants, an important limitation as intelligence might be relevant to
the brain phenotype in ADHD and lower intelligence and ADHD may share genetic factors
(55, 56)(57, 58).

As would be expected, the rates of psychostimulant use at the time of final assessment were
higher in those with persistent ADHD, which raises the possibility that medication may
contribute to the findings. However, the results held when analyses were confined to those
who were unmedicated at the time of final assessment. Additionally, we found no significant
difference between the outcome groups in the proportion of time on psychostimulants during
the study, although this measure did not include estimates of total lifetime medication dose
and relied on participant report. We also do not have systematic data on non-
pharmacological interventions received by the individuals. Attrition rates were around 45%,
and while those lost to follow-up did not differ systematically in most measured baseline
variables they did have a lower socio-economic status than those in the follow-up study. We
note however that our finding that 37% of individuals still meet diagnostic criteria for
ADHD in adulthood is in line with previous estimates of rates of persistence and further
emphasizes that ADHD can no longer be considered a disorder confined to childhood (3,
17).

Using longitudinal data we delineate individual differences in cortical development that are
associated with adult ADHD. We find that these differences localize to the candidate neural
systems most strongly implicated in the disorder, throwing light onto the developmental
pathways to adult ADHD.
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Figure 1.
Distributions of the number of inattentive and hyperactive-impulsive symptoms in
adulthood.
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Figure 2.
The top panel shows regions where the total number of ADHD symptoms in adulthood are

significantly associated (p<0.05, adjusted for multiple comparisons) with the cortical
trajectories from childhood into adulthood. The association is stronger for inattentive (B)
than hyperactive-impulsive symptoms (C).
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Scatterplot of individual slope estimates for the medial prefrontal/cingulate regions where
the primary mixed model analysis showed trajectories to be associated with adult outcome.
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Cortical thickness in regions linked to adult ADHD status for the right (A) and left (B)
hemispheres. The trajectories differed significantly between the typically developing
controls and remitted ADHD group (all p<0.001), but not between the typically developing
and persistent ADHD groups (p>0.1). The two ADHD groups also had significantly

different trajectories (p<0.001).
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Demographic and clinical characteristics of the ADHD group who remitted or persistence at the time of study

Table 1

entry and at the time of final assessment.

STUDY ENTRY

ADHD: remitted | ADHD persistent

Age (yrs) 10.5 (3.3) 10.8 (3.4) t(90)=0.45, p=0.65
Mean (SD)
Sex 37:18 16:21 x(1)?=5.2, p=0.03
Male: Female
1Q 109 (13) 112 (17) t(84)=0.73, p=0.46
Mean (SD)
Socioeconomic status 45 (21) 42 (21) t(88)=0.73, p=0.46
Mean (SD)
CBCL attention problems 72 (10) 73(6) t(88)=0.77, p=0.44
Mean (SD)
CBCL externalizing problems | 66 (11) | 65 (11) | t(88)=0.97, p=0.33

FINAL ASSESSMENT

| ADHD: remitted | ADHD: persistent |

Age (yrs) Mean (SD) | 24.2 (4.4) | 231 (4.0) | 1(90)=1.27, p=0.21
Symptoms
DSM IV symptoms:
Inattention 2.2(15) 6.7 (1.5) t(90)=14.0, p<0.0001
Hyperactivity-impulsivity 1.8(1.4) 4.4(2.7) t(90)=5.83, p<0.001
CAARS
Inattention 53 (12) 68(11) t(81)=5.4, p<0.001
Hyperactivity 52 (10) 61(11) t(81)=3.3, p=0.001
Impulsivity 49 (10) 59 (12) t(81)=3.7, p<0.001
Self-concept 49 (11) 60 (12) 1(81)=1.9, p=0.06
DSM inattentive 60 (14) 75 (11) t(81)=4.7 p<0.001
DSM hyperactive 53(11) 63(13) t(81)=3.7, p=0.001
DSM total 59 (13) 73 (11) t(81)=4.7, p<0.001
Comorbidity
Any comorbidity Mood: 9 (16%) 12 (32%) Any comorbidity vs none, exact p=0.08
Depression 3 6
Dysthymia 1 3
Anxiety:
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STUDY ENTRY
ADHD: remitted | ADHD persistent
GAD 4 2
Anxiety NOS 0 3
OoCD 0 1
PTSD 1 1
Psychostimulant medication use
Proportion of study on medication 50% (33%) 59% (29%) t(88)=1.13, p=0.26
Psychostimulant use at follow-up Medicated vs unmedicated x 2=11, p<0.001
Daily 1 (2%) 9 (24%)
Intermittent (<I/wk) 4 (7%) 5 (14%)
None 50 (91%) 23 (62%)

Biol Psychiatry. Author manuscript; available in PMC 2018 April 27.

Page 19



Page 20

Shaw et al.

€GET | T0000 | Tv- ¥000°0 1100°0- snJAB [enusnlsod

¥69% | T0000 | v'¥- 70000 6100°0- 1[eMm [eIpaN

alaydsiway Yo

0S 100 | ¢¢ §000'0 ¥100°0- a|nqo| [exatied JoLiapul
144 ¢000 | Te 90000 6T00°0- | XaM09 [ejuolyaid |essre|osioq
TETE | TO000 | TV 70000 81000~ 1[eMm [eIpaN

aJaydsiway 1bry

SINOLdNAS IAILNILLVNI

6G€ | 60000 | €€ 20000 1800°0- snJAB [enouslsod

6vcc | 10000 | T ¢000°0 0100°0- 1[eMm [eIpaN

alaydsiway Yo

18 ¢00 | €¢ ¢000°0 ¥8000°0- alngo [eyalled JoLajul
G9€ 000 | 6'¢- €000°0 0T00°0- | XaMo9 [ejuolyaid |essre|osioq
€LET | L0000 | v'E- ¢000°0 06000°0- I[eMm [eIpaN

alaydsiway 1ybry

SINOLdINAS TV10L

(s891143A JO Jagquinu) (reak/wi) (reak/wiw)
JUBIX3 43ISN|D d 1 | 4o4u3 paepuels | tsisweaed adols

'z 24nB14 ur umoys suoiBial ay) Jo JUBIX3 [elreds ayl Yim Buoje usAIb are anjeA 1 paleldosse
pue Jalswered ado|s ay} Jo J01ia pepuels sy Burtuuiyl [eainod Jo aded syl Ul asealoul ue Agq paruedwodde ase swoldwAs QHAY 40 siequinu Buisealoul
1ey) 21e2IpuUI SanjeA aAlebau ayl ‘aHAV Jo woirdwAs auo Jo asealoul yaes BulAuedwodse Buiuuiy) [eantod ui abueyd ay) saealpul Jeyaweled adojs ayL

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry. Author manuscript; available in PMC 2018 April 27.



	Abstract
	Introduction
	Methods
	Neuroanatomic methods
	Analyses

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2

