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Abstract
Objective—Longitudinal follow-up of neurocognitive functioning in people with pediatric bipolar
disorder (PBD) was conducted to characterize the developmental trajectory of cognitive disabilities
in this disorder.

Method—Patients with PBD (n = 26) and controls (HC; n = 17; mean age 11.66 ± 2.70 years)
completed cognitive testing at baseline and then again at a 3-year follow-up. Groups were matched
at baseline on age, sex, race, parental socioeconomic status, general intelligence, and single-word
reading ability. The PBD group received treatment guided by a standardized medication algorithm
during the 3-year period. A battery of neuropsychological tests was administered to assess attention,
executive function, working memory, verbal memory, visual memory, and visuospatial perception
at baseline and follow-up.

Results—At baseline and follow-up, the patients showed deficits in all of the examined domains.
At 3-year follow-up, developmental progress in executive functions and verbal memory was
significantly less in the patients with PBD than in the HC. Improvement on attention, working
memory, visual memory, and visuospatial perception tasks in the patients with PBD was comparable
to that of the HC, but the patients with PBD remained impaired in all domains relative to the HC.

Conclusions—The developmental delay in some neurocognitive functioning in PBD suggests that
the illness disrupts cognitive development with potential lifelong implications for reduced functional
ability. Treating bipolar symptoms does not seem to prevent the lag in cognitive development. This
dysmaturation may be a direct effect of the illness on brain function, or it may represent indirect
consequences of psychopathology or medications on cognitive development.
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Pediatric bipolar disorder (BD) is a disabling illness associated with neurocognitive deficits,
affect dysregulation, a high incidence of suicidal behavior, substance abuse, and academic
failure.1–3 Although cognitive deficits in pediatric BD (PBD) are now established,4–10 little
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is known about their developmental trajectory. Either because of a direct effect of the disorder
on brain function or because of the disorder’s interference with school-based learning, it is
possible that PBD could disrupt the typical developmental cognitive trajectory with a potential
lifelong impact of reduced functional ability.

Cognitive domains that are implicated in PBD include attention, working memory, executive
function, verbal memory, response flexibility, reversal learning, processing speed, set shifting,
and visuospatial memory.4–10 In patients with PBD, symptomatic treatment for mania does
not seem to alleviate the “traitlike” cognitive impairments. Regardless of whether patients with
PBD are medicated and euthymic, or untreated and acutely ill, attention, working memory,
executive function, and verbal memory seem to remain impaired.9 Furthermore, global
neurocognitive deficits have been associated with reading difficulties in patients with PBD,
and impaired vigilance has been linked to math difficulties.5,11,12 These learning difficulties,
often associated with poor academic achievement, lead to greater use of special education
services by patients with PBD.11,12 Therefore, it is imperative that we gain further
understanding of the developmental trajectory of persistent cognitive dysfunction in PBD to
develop early and more effective interventions.

At present, although cognitive deficits in PBD have been established, it is not clear whether
children with PBD have a static deficit relative to their peers, whether they eventually catch
up with their grade level of academic achievement after sustained treatment, or whether they
have a slowed rate of cognitive development after illness onset that leaves them progressively
farther behind their typically developing peers. Cahill et al.13 recently reviewed
neuropsychological research in adult BD and compared the findings with emergent data on
neuropsychological function in PBD, which revealed that there are virtually no longitudinal
studies in adult BD just as is the case in PBD. However, problems in working memory,
attention, and executive function domains are found in euthymic state among both the adult
BD and PBD patient groups, suggesting that the neurocognitive deficits extend across a wide
age range and that they seem to persist regardless of remission in symptoms.10,14 However,
the emergence, longitudinal trajectory, and degree of functional impairment due to
neurocognitive deficits are unknown.

In the present study, we characterized neurocognitive development in the domains of executive
function, attention, working memory, verbal memory, visual memory, motor skills, and
visuospatial perception in patients with PBD relative to controls (HC). Given the existing cross-
sectional neuropsychological findings, neurodevelopmental nature of PBD, and the ongoing
changes in brain structure and function in youths,15 we hypothesized that there would be delays
in cognitive development in patients with PBD versus HC evaluated during a 3-year follow-
up period. Our data analysis strategy was to establish baseline deficits, then test for omnibus
deficit in cognitive development during the follow-up period, and to follow up significant
overall differences in cognitive development profile with step-down cognitive domain-wise
comparisons of PBD and HC. The aim of these latter analyses was to determine whether
patients with PBD catch up with their peers without PBD or whether disparity in cognitive
development widens the cognitive differences between groups, and whether effects were
consistent or different across cognitive domains. Of note, the patients were mostly euthymic
at baseline testing and were treated during the 3 years between baseline and follow-up testing
with a medication algorithm.16

METHOD
Subjects

The study sample included 43 youths aged 11.66 (±2.70) years at the time of recruitment. There
were 26 subjects with PBD and 17 HC, matched on age, sex, race, and estimated premorbid
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intellectual functioning (Table 1). The patients with PBD were recruited from our clinic during
a 6-month period, January to June 2004. In view of our interest in providing clinical follow-
up via a medication algorithm during the study period, we enrolled only subjects living within
a 2-hour drive from the University clinic who were eligible to participate. At baseline, 1 subject
with mania, 2 subjects with hypomania, and 23 subjects in euthymic phase were included in
the PBD group. The symptomatic patients were relatively treatment resistant (failed three trials
of mood stabilizers at the time of entry into our longitudinal study). All of the patients went
on to receive treatment consistent with an updated evidence-based medication algorithm within
our clinical program.16,17 The medication algorithm is available online at
http://ccm.psych.uic.edu/Research/ResearchProgram/MoodDisorder/PavuluriAlgorithm.pdf.
Using this method, we avoided polypharmacy where possible to minimize cognitive deficits.
Second, we aimed to maximize chances of maintaining clinical recovery by following effective
and evidence-based pharmacotherapy so that residual symptoms would be minimal and not
account for cognitive deficits. The clinical status of the patients at baseline and follow-up is
summarized in Table 1, and the medications are summarized in Table 2. The HC group had no
DSM-IV diagnosis or family history of BD (Table 1). Exclusion criteria for the PBD and HC
group were active substance abuse, serious medical problems, or an IQ of lower than 70 as
determined by the Wechsler Abbreviated Scale of Intelligence.18 This study was approved by
the institutional review board at the University of Illinois at Chicago. Verbal or written assent
was obtained from all of the subjects in addition to written consent from parents.

Procedure
Each subject and at least one of their parents were interviewed using the Washington
University, St. Louis, Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Epidemiologic version (WASH-U-K-SADS).19 Interrater reliability for diagnosis
among the research interviewers at the end of training (PBD versus HC) was 0.98 by Cohen −
for the diagnosis on the WASH-U-K-SADS. The final lifetime DSM-IV diagnosis was made
based on consensus gained from independent clinical interview, other available clinical data,
and ratings on the WASH-U-K-SADS. The WASH-U-K-SADS interviews, as well as the
Young Mania Rating Scale (YMRS)20 and Children’s Depression Rating Scale-Revised
(CDRS-R),21 were completed by raters with no knowledge of cognitive test performance data.

Intellectual and neuropsychological testing was performed at baseline and repeated at 3-year
follow-up by postdoctoral-level neuropsychologists. The battery consisted of the Wechsler
Abbreviated Scale of Intelligence, the Trail Making Test, the Digit Span subtest from the
Weschler Memory Scale-Third Edition, and the California Verbal Learning Test-Child version.
22 The computerized component of the battery was compiled from the University of
Pennsylvania Computerized Neuropsychological Battery23 and Cogtest.24 Tests selected from
the Penn battery included the Penn Conditional Exclusion Test, the Penn Continuous
Performance Test, the Penn Face Memory Test, and the Penn Computerized Judgment of Line
Orientation. Tests selected from the Cogtest battery included the Set Shifting Test and the
Controlled Oral Word Association Test.

Statistical Analysis
To provide a standard metric for comparison across neurocognitive domains, tests scores were
standardized (i.e., converted to z scores) relative to the baseline performance of the control
comparison group. Extreme z scores for individual test scores were truncated to ±3.0 to avoid
their undue impact on group comparisons. A z score of ±3 was chosen as a cutoff value to allow
sufficient variability in the data while limiting the impact of the few extreme scores. Extreme
negative scores were noted for two cases at baseline (on verbal memory and working memory)
and 6 cases at follow-up (on verbal memory, visual memory, and visuospatial perception). A
total of 10 raw test scores, 2 at baseline and 8 at follow-up, were truncated.
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Standardized domain scores were then calculated for executive function, attention, working
memory, verbal memory, visual memory, motor skills, and visuospatial perception by
combining normalized z scores (standardized to baseline performance of the controls) from
tests assessing each of the six cognitive domains (Table 3). Internal consistencies of scores
comprising each neurocognitive domain were calculated using Chronbach α and were reported
in a previous article.9 A global index of neurocognitive functioning was calculated by averaging
the six cognitive domain scores for each subject.

Data Analysis Plan
Given the number of cognitive outcome measures, we began data analysis with an omnibus
test comparing the PBD and HC groups on the global index of neurocognitive performance.
In the presence of significant group difference on the global neuropsychological measure, step-
down domain-wise analyses were undertaken. This was done for baseline data and to test the
significance of differential group change in cognitive performance during the 3-year follow-
up period. The central question guiding these analyses was whether long-term treatment for
PBD would repair or attenuate deficits in cognitive functioning observed at baseline and allow
these children to catch up with their peers without PBD or whether the disorder would lead to
an increasing cognitive disparity relative to peers without PBD. This question was evaluated
using repeated-measures analysis of variance (ANOVA) to test the significance of the group-
by-time interaction in an omnibus test on the cognitive composite score, followed by similar
domain-specific analyses. The group-by-time interaction effect was used to test whether there
was a differential rate of change in neurocognitive function over time in the PBD group
compared with the controls.

RESULTS
Demographic and Clinical Features

The scores on the YMRS and CDRS-R are summarized in Table 1. Repeated-measures analyses
revealed no significant change in YMRS or CDRS-R scores between the two assessment
periods in either the PBD or the HC groups. Medications were prescribed as guided by our
pharmacotherapy algorithm,16 with the first step being the use of a mood stabilizer with or
without an antipsychotic. Medications used in the treatment paradigm are summarized in Table
2. There are no significant differences in percentages of mood stabilizers, second-generation
antipsychotics or psychostimulants used by patients at baseline and follow-up.
Psychostimulants were used in 15 of the 16 subjects with PBD who had comorbid attention-
deficit/hyperactivity disorder (ADHD). One subject with comorbid ADHD had a history of
worsening clinical state on stimulants and was not prescribed a stimulant. Two subjects had
significantly increased manic symptoms on psychostimulants during the course of treatment,
and therefore, the adjunctive treatment was discontinued. Two additional subjects had severe
inattention in euthymic state warranting stimulant medication despite having no formal
diagnosis of ADHD before 7 years of age. Therefore, overall, 15 patients with PBD were treated
with stimulants throughout the 3-year study.

Baseline Neurocognitive Functioning
First, to establish baseline deficits in subjects with PBD, a one-way ANOVA was conducted
to test for group differences on the global neuropsychological performance index at baseline.
Results indicated that the PBD group performed significantly more poorly than the HC group
(F1,41 = 12.6, p < .001). Given the significant global deficit at baseline, univariate ANOVAs
were computed to evaluate function in each neuropsychological domain. Results indicated that
children in the PBD group, relative to HC, showed impairment on all six domains: executive
function (F1,41 = 5.6, p < .05), attention (F1,41 = 13.6, p < .001), verbal memory (F1,41 = 5.4,
p < .05), visual memory (F1,41 = 6.1, p < .05), visuospatial perception (F1,41 = 6.2, p < .05),
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and working memory (F1,41 = 4.5, p < .05). These findings are consistent with our previous
report of impairment in patients with PBD in all domains in a smaller sample.11

Longitudinal Analyses of Neurocognitive Functioning
A two-way repeated-measures ANOVA on the global index revealed a significant time-by-
group interaction (F1,41 = 4.4, p < .05), with the PBD group improving at a slower rate over
time than the HC group. In the presence of significant omnibus findings for longitudinal data,
univariate longitudinal ANOVA were computed to evaluate patient versus control differences
in cognitive development in each domain. Level of neuropsychological deficit is illustrated in
Figure 1 for both time points. Although the step-down analyses were “protected” by the
omnibus analysis, we used a critical value of p < .025 for these planned univariate ANOVA.
As seen in Figure 2 and Table 3, the results indicated differential cognitive change in patients
and controls during the 3-year follow-up period for executive function (F1,41 = 6.1, p < .05)
and verbal memory (F1,41 = 5.5, p < .05). On the executive function domain, children in both
groups improved during 3 years, but the HC showed significantly greater improvement from
baseline performance (z score change of 0.67) than the PBD group (z score change of 0.22),
thus widening what was already a performance deficit in the PBD group at baseline testing. In
the case of verbal memory, the performance of children in the PBD group actually showed a
slight decrease during 3 years (z score change of −0.08), whereas the HC showed significant
improvement during the same period (z score change of 0.65). Improvement in the PBD and
the HC groups from baseline to follow-up did not differ for the visual memory, visuospatial
perception, and working memory domains. Analyses with follow-up data, similar to those at
baseline, revealed significant deficits in the subjects with PBD relative to HC in all cognitive
domains including attention (F1,41 = 4.1, p < .01), working memory (F1,41 = 7.2, p < .01),
executive function (F1,41 = 26.1, p < .001), verbal memory (F1,41 = 16.1, p < .001), visual
memory (F1,41 = 12.6, p < .001) and visuospatial perception (F1,41 = 17.9, p < .001).

Change in cognitive function was not predicted by YMRS and CDRS-R scores at baseline or
follow-up for any domain. Within the patient group, there was no significant difference in
change on attention test performance among those who received stimulants and those who did
not. Excluding the patients that presented with mania or hypomania at baseline (n = 3) did not
change any of the study findings.

Relation to Academic Functioning
To assess the relation between academic function and neuropsychological performance, we
evaluated parent reports of general indices of academic function (e.g., repeated grade, special
education/services, significant difficulty with early writing or math, and overall quality of
grades). These data were measured using categorical outcomes (whether parents reported a
significant problem); therefore, post hoc analysis of longitudinal change in these indices was
assessed using a χ2 test for differential change over time. There was no significant change over
time for the HC for any of the indices measured. However, the PBD group showed an increase
from 35% of patients with PBD having math difficulties at baseline to 62% at follow-up (χ2 =
8.1, p < .05). In assessing the association between math problems and the two neurocognitive
domains (verbal memory and executive function) showing differential change during the
follow-up period, the PBD group was divided into two groups: those with parental reports of
“math difficulties”(n = 16) and those whose parents did not report math difficulties (n = 10) at
the follow-up assessment. Repeated-measures ANOVA revealed that children in the PBD
group whose parents reported math difficulties also had significantly lower verbal memory
scores at follow-up (approximately a full standard deviation below the patients with PBD that
had no math problems; F1,24 = 11.3, p < .01). Interestingly, neither the “math difficulties” nor
the “no math difficulties” PBD groups showed significant improvement in verbal memory over
the course of the study. Thus, preexisting verbal memory dysfunction in patients with PBD
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may be directly or indirectly related to a risk factor for later emerging math problems in this
population.

DISCUSSION
This study is the first study to chart the profile of cognitive development in PBD. The central
findings of this 3-year longitudinal study of neurocognitive function are that, even with ongoing
evidence-based pharmacological management, executive function, attention, verbal memory,
visual memory, visuospatial perception, and working memory continued to be impaired in the
PBD group relative to typically developing peers and that there was a slower rate of cognitive
development in the PBD group in the areas of executive function and verbal memory. There
was no difference in the rate of developmental progression during the 3-year follow-up period
in the attention, working memory, visual memory, or visuospatial perception domains, but
deficits were still evident in all cognitive domains at follow-up. Whereas this documents a
typical rate of cognitive development in these four domains, it also indicates a lack of ability
of the PBD group to catch up with the level of functioning in the control comparison group at
the end of the 3-year follow-up.

Individual domains of cognition varied in their degree of developmental success in subjects
with PBD. Executive functions were examined using tests of set shifting (cognitive flexibility),
problem solving, and word generation. Our results are consistent with those of Dickstein and
coworkers7 who reported impaired simple reversal learning and shifting to an alternative non-
prepotent response in narrow phenotype patients with PBD. Henin and coworkers5 also
reported poor executive skills and processing speed in patients with PBD, postulating a
potential adverse impact on functional abilities. Our findings build on cross-sectional
findings5,7,25 by showing that patients with PBD have a slower rate of cognitive development
through adolescence that leaves them slipping further behind their peers in cognitive ability.
Furthermore, our data show that this effect of reduced cognitive development extended to the
domain of verbal memory.

Deficits in executive function have been reported previously in adult BD,26,27 illustrating a
continuity in this deficit across pediatric and adult variants of the disorder. To the extent that
our developmental findings can be projected forward, our findings raise the possibility that
executive deficits may be more pronounced in adult life when BD has its onset in late childhood
or early adolescence.

The prefrontal cortex (PFC), which is central to executive control, continues to develop
throughout adolescence and into early adulthood. From a functional perspective, the PFC is
one of the last regions of the brain to mature, which is reflected in parallel developmental
progression in the areas of executive abilities such as voluntary response inhibition that
typically do not mature until age 15 to 16 years.28,29 Our neuropsychological findings
indicating executive function dysmaturation in PBD are consistent with functional imaging
evidence of altered PFC function. The ventrolateral PFC and dorsolateral PFC dysfunction
seen in youths with PBD relative to HC detected in functional magnetic resonance imaging
studies30–33 may underlie the abnormalities in executive function observed in the present study.
Real-life impairments associated with PBD such as difficulty transitioning from one activity
to the other, organizing and planning behavior, and problem solving may in part be explained
by disturbances in executive function. Recognizing the possibility of disrupted cognitive
developmental trajectories in PBD may be an important initial step toward implementing
supplemental educational interventions that may limit the long-term academic and functional
impact of PBD.
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Verbal memory impairment is the most consistent finding across previous cross-sectional
neurocognitive studies in PBD4,8,9,34 and may be caused by altered integration of frontal and
mesial temporal systems. Indeed, dynamic mapping of structural cortical development during
the course of the evolution of bipolar diathesis in psychotic patients demonstrates increasing
frontotemporal abnormalities.35,36 Our results indicated a robust failure of cognitive
development of verbal memory abilities in patients with PBD and that this deficit was related
to math difficulties. Indeed, verbal memory capacity, which is related to phonological
processing and processing speed abilities, has been directly linked to arithmetic calculation
skills in children.37–39 To stop the decay in speech-based information storage that is important
for more complex arithmetic, vocal and subvocal rehearsal of verbal information serves as a
building block to counting, multiplication, calculation, and problem solving.40,41 Given that
this type of verbal learning is more pronounced in early stages of development,42 early
interventions in classrooms may be valuable for an at-risk population such as PBD. Computer-
assisted instruction43 and related “attention process training”44 that offer a combination of
verbal memory, attentional, and arithmetic problem solving skills seem to be promising, and
such pilot studies are under way in our laboratory.

The rate of developmental progression in the domains of attention, visual memory, and working
memory in the PBD group were comparable to that in the HC. To some extent, although this
could be attributed to the consistent use of psychostimulant medication used to treat comorbid
ADHD during the 3-year follow-up period for those who needed or tolerated them,16 our results
did not show a significant difference in attention between those who received stimulants and
those who did not. Indeed, stimulant treatment for those with ADHD and inattention problems
(58% of the patients) did not alleviate the attention problems in the PBD group, who still lagged
behind the typically developing children.

The results in the PBD group with regard to persistent attention deficits are consistent with
earlier findings from cross-sectional studies in PBD4,6,9 and adult BD.45–47 Recent functional
magnetic resonance imaging studies in patients with PBD investigating sustained attention and
response inhibition demonstrated frontostriatal abnormalities in adolescent bipolar youths.31,
48 Persistent frontostriatal abnormalities in part may help explain the enduring attentional
difficulties in patients with PBD. Future studies with a larger sample size are required to tease
out the nature of attentional problems and associated circuitry in patients having PBD with and
without comorbid ADHD.

Similar to the attentional domain, working memory showed cognitive development in the PBD
group at a rate similar to that in the HC, but patients were left with a similar deficit relative as
was present at baseline. It may be that the appropriate medication regimen for PBD is partly
effective in facilitating recruitment of attentional and working memory systems to prevent an
illness-related developmental slowing in these domains. Visual memory and visuospatial
perception, although showing comparable progress as the HC, also remained areas of
dysfunction at 3-year follow-up.

The present findings of a developmental delay in executive function and verbal memory are
novel and potentially have considerable clinical and prognostic significance. Nevertheless,
additional work is needed to explain the cause of the developmental delay. One possibility is
that such delays represent a direct manifestation of illness-related neurobiology on the
maturation of prefrontal and mesial temporal brain systems. A second possibility is that the
illness may reduce interest or involvement in academic activities, resulting in disengaging from
the verbal learning, organization, and problem solving in the classroom. Third, in this long-
term clinical study, medication treatments used during the follow-up period may have had an
impact on the performance on our neurocognitive tests or the development of the cognitive
abilities. We implemented a medication algorithm in our clinical program specializing in
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patients with PBD to provide consistent and state-of-the-art treatment.16 However, the potential
impact of these treatments on cognitive development is difficult to determine, given the present
knowledge. On the one hand, whereas short-term treatment effects on cognition do not seem
to be robust in PBD,9 longer term use of mood-stabilizing drugs may directly minimize illness
effects on the biological substrate of cognitive development in adolescence. On the other hand,
it may help overall psychological functioning to facilitate a more effective participation in
academic activities and thus minimize what would otherwise be a poorer or more generalized
pattern of reduced cognitive development. Stimulants may also have had a positive influence
in this regard by facilitating school-related learning. Addressing the potential effects of
medication treatments for PBD on cognitive development will require more careful attention
in future controlled studies.

The strength of this study rests in its demonstration that BD in childhood or early adolescence
is associated with reduced cognitive development, even in the context of ongoing state-of-the-
art treatment in a specialized research clinic. Future studies are needed to further explain the
altered neurodevelopmental trajectory of this disorder. This needs to be investigated by
examining parallel changes in brain function and anatomy by examining school performance
and its potential mediation of reduced cognitive development and by evaluating whether the
effect can be reduced by using different treatments for PBD or potentially by the addition of
procognitive adjunctive medications. One of the limitations of the study may be the effects of
medication at study entry on baseline cognitive performance. Effects of medication during the
follow-up on cognition, as well as at baseline, cannot be ruled out.

To summarize, our results indicate that cognitive functioning remains compromised in PBD
despite symptom remission with optimal pharmacotherapy and that cognitive development of
executive functions and verbal memory is specifically impaired. These factors may explain the
persistent cognitive deficits shown in previous cross-sectional studies of PBD and set the stage
for chronically reduced cognitive functioning into adulthood.
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Fig. 1.
Mean z scores of patients with pediatric bipolar disorder for each neurocognitive domain.
Performance on each domain at baseline is normed to that of age-matched control peers.
Similarly, performance on follow-up on each of the domains is standardized relative to the
control group at follow-up.
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Fig. 2.
Change in standardized neurocognitive function at the 3-year follow-up relative to baseline
performance for patients with pediatric bipolar disorder and controls.
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TABLE 2

Medications Used to Treat Patients With Pediatric Bipolar Disorder

Type of Medication Baseline, n (%) Follow-up, n (%)

Mood stabilizers (lithium, divalproex sodium,
oxcarbazepine, lamotrigine)

26 (73) 18 (69)

Second-generation antipsychotics (risperidone, quetiapine,
aripiprazole)

6 (23) 7 (26)

Psychostimulants (methylphenidate long-acting form,
mixed amphetamine salts long-acting form)

13 (50) 15 (57)

Serotonin reuptake inhibitors 0 (0) 8 (30)
Guanfacine 1 (4) 5 (19)
No medications 4 (15) 2 (7)
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