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Abstract

Purpose—To test feasibility and impact of a 10-week after-school exercise program for children
with ADHD and/or disruptive behavior disorders (DBD) living in an urban poor community.

Methods—Children were randomized to exercise (/7=19) or a comparable but sedentary attention
control program (7=16). Cognitive and behavioral outcomes were collected pre-post. Intent-to-
treat mixed models tested group x time and group x time x attendance interactions. Effect sizes
were calculated within and between groups.

Results—Feasibility was evidenced by 86% retention, 60% attendance, and average 75%
maximum heart rate. Group x time results were null on the primary outcome, parent-reported
executive function. Among secondary outcomes, between-group effect sizes favored exercise on
hyperactive symptoms (¢=0.47) and verbal working memory (¢=0.26), and controls on
visuospatial working memory (g=-0.21) and oppositional defiant symptoms (g=-0.37). In each
group, within-group effect sizes were moderate-large on most outcomes (4=0.67 to 1.60). A group
X time x attendance interaction emerged on visuospatial working memory (F[1,33]=7.42, p<.05),
such that attendance to the control program was related to greater improvements (/=.72, p<.01)
while attendance to the exercise program was not (r=.25, p=.34).
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Conclusions—While between-group findings on the primary outcome, parent-reported
executive function, were null, between-group effect sizes on hyperactivity and visuospatial
working memory may reflect adaptations to the specific challenges presented by distinct formats.
Both groups demonstrated substantial within-group improvements on clinically relevant outcomes.
Findings underscore the importance of programmatic features such as routines, engaging
activities, behavior management strategies, and adult attention; and highlight the potential for
after-school programs to benefit children with ADHD and DBD living in urban poverty where
health needs are high and services resources few.
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Introduction

Attention deficit hyperactivity disorder (ADHD) and disruptive behavior disorders (DBD)
(i.e., oppositional defiant disorder [ODD] and conduct disorder) are the most common
mental health disorders in childhood (37). National prevalence estimates range from 3% to
5% for ADHD and 2% to 5% for DBD (31, 52). However, teachers report rates as high as
44% for ADHD and 21% for DBD among African-American students (37). The disorders
are highly comorbid; 40% to 65% of children with ADHD also meet criteria for DBD (3). If
untreated, children with ADHD and DBD are likely to suffer impairments that persist into
adulthood and impact educational, occupational, and relationship outcomes (4). Medication
is effective for ADHD and DBD but 20% of children experience side effects (3).
Psychosocial interventions are also effective but require extensive time and effort by
caregivers, resulting in low utilization rates, especially in urban poor racial/ethnic minority
communities (22, 48). Parent reports and neuropsychological tests of executive function
distinguish ADHD and non-ADHD children, and children with ADHD and comorbid ODD
evidence greater executive dysfunction than children with ADHD alone (3, 41). This clinical
characteristic makes physical activity an intriguing adjunct treatment for ADHD and DBD,
because research indicates that in typically developing children physical activity
disproportionately benefits executive function and the brain areas that support it (50).

A promising but methodologically weak literature specific to ADHD and physical activity
has emerged in recent years dominated by acute bout studies (16, 34, 39, 40, 49) and single
group (19, 47) and non-randomized trials (7, 33, 55) of regular physical activity. This
literature provides preliminary evidence of a transient impact of acute physical activity on
cognition, and associations between regular physical activity and cognition in children with
ADHD. Notably, even results from non-randomized trials are equivocal: McKune et al. did
not detect differences between groups over time (33). Rigorous randomized controlled trials
are necessary to establish causal impacts of regular physical activity on ADHD outcomes.
To date, one large and two smaller trials have investigated the impact of multi-week physical
activity interventions on children with ADHD (8, 20, 21). Unfortunately, none of these
studies reported heart rate, provided sufficient levels of activity to meet current guidelines
(53), excluded siblings from analyses (sibling pairs are not independent observations), or
met CONSORT criteria for reporting of clinical trials (i.e., blind, randomization, power
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analysis, allocation concealment, specification of primary outcome), thereby limiting
interpretation (36). There is also a dearth of randomized trials among urban poor racial
ethnic minority youth who are at high risk for behavior problems and subsequent severe
adverse outcomes (e.g. incarceration, academic failure) (14).

Kang et al. employed random assignment of 32 children with ADHD and reported greater
gains (N=28) on inattention, cooperativeness, working memory, and cognitive flexibility in
6-weeks of “medication and education for behavior control” (N = 15, 50-minutes, bi-weekly,
2 staff) vs. “medication and sports therapy” (N = 13, 90-minutes, bi-weekly, 4 staff) (21).
Per protocol analyses excluded 4 children who did not adhere to the assigned conditions.
The CONSORT guidance considers a per protocol analysis to be a “non-randomised,
observational comparison,” because it compromises randomization by introducing bias (36).
In 2015, this same group randomized 35 adolescent males with ADHD to the same
conditions. Per protocol analyses, N = 30 with 24% of those initially randomized to sports
therapy excluded from analyses for non-adherence, reported greater improvements in brain
function and ADHD symptom severity in sports therapy (N = 13, 90-minutes, 3 days/week,
6 staff, 6-weeks) compared to education (N = 17, 50-minutes, biweekly, 2 staff, 6-weeks)
(8). In both studies, attendance was not reported and differences between groups in format
(active play vs. passive education), staff qualifications, student-to-staff ratios, behavior
management strategies, and intervention duration result in multiple confounds that preclude
isolation of physical activity's impact on outcomes.

The largest and most rigorous trial of regular physical activity on ADHD to date was Hoza et
al. who randomized predominantly white middle class K-2"d grade students at-risk for
ADHD (N =94) and typically developing children (N = 108) to a before-school physical
activity program or a structured sedentary attention control program of equal duration (5-
days per week, 30-minutes per day, 12-weeks) (20). Both programs used similar behavior
management strategies (e.g., praise, effective instruction, token economy), effectively
isolating the impact of physical activity. Unfortunately, the study used an unorthodox
randomization process (switching group assignment for some children after randomization
to re-balance groups rather than stratifying randomization on relevant factors). The authors
did not describe who generated the random allocation sequence, allocation concealment, or
implementation (36). While intent-to-treat analyses were a strength of the study, last
observation carried forward was used to impute missing posttest measures; this commonly
used process has been criticized for introducing bias (27, 36, 42). In contrast to the findings
from the two smaller trials (8, 21), findings from this trial were essentially null. Among 12
symptom severity, mood, and peer functioning outcomes (none specified as primary) only
one, parent-reported inattention severity, was significantly different between intervention
groups when ADHD and typically developing children were combined. No differential
effects of exercise on ADHD vs. typically developing children were found.

This parallel randomized-controlled trial (“Project Play”) adapted an evidence-based after-
school exercise program (26) and tested its feasibility and impact versus a sedentary
attention control program for African-American children with ADHD and/or DBD living in
an urban poor community. It was hypothesized that feasibility would be demonstrated by
75% retention, 60% attendance, and physical activity intensity at = 75% of estimated

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bustamante et al. Page 4

maximum heart rate. The treatment group was expected to exhibit greater improvement
relative to controls on the primary outcome, parent report on the Behavioral Rating
Inventory of Executive Functioning (BRIEF) Global Executive Composite (GEC). Small to
medium effect sizes favoring physical activity were expected on secondary outcomes
including neuropsychological tests of inhibition and working memory, and parent reports of
symptom severity, functional impairment, social skills and problem behaviors.

Methods

Participants

Children with ADHD and/or DBD attending a K-8 elementary school in a predominantly
African-American Chicago community were recruited during school events and through an
established multiple gating procedure in which teachers refer students struggling with
behavior to school staff, who reach out to families to ask if they would be interested in being
contacted by the research team (29). Inclusion criteria were: between ages 6 and 12; parental
consent and child assent; free of conditions that preclude aerobic activity; and a positive
screen of ADHD, ODD, or conduct disorder based upon reports of at least one parent or
teacher on the DBD Rating Scale (endorsement of = 6 items on the ADHD inattention scale,
> 6 items on the ADHD hyperactivity/impulsivity scale, = 4 items on the ODD scale, or = 3
items on the conduct disorder scale) (38), and Impairment Rating Scale (IRS) (rating = 3 in
any of 6 domains: siblings, parents, peers, academics, self-esteem, and family) (12). A
positive screen by a teacher on the DBD rating Scale plus a positive screen by the parent on
the IRS (or vice versa) would qualify a child for inclusion, consistent with instructions for
the measures (12, 38) and prior studies calculating symptom severity using the DBD Rating
Scale (24, 44, 45).

Among 71 participants screened, 35 participants met eligibility criteria and were randomized
(Figure 1). Following enrollment, 31 parents/guardians (80% of whom were biological
mothers) completed the disruptive disorders section of the National Institute of Mental
Health Diagnostic Interview Schedule for Children Version IV (DISC-1V-P), a structured
diagnostic interview (43). This interview, which was conducted by 2 graduate student
research assistants trained by the PI and study child psychologists (SLF & DR) (13), was not
used as an inclusion criterion but to characterize the sample. For each disorder, the DISC-1V-
P places children into one of three categories: negative (i.e., minimal symptoms across
diagnoses), intermediate (i.e., diagnostic criteria not met, but symptoms and impairments
present), or positive (i.e., full DSM-IV criteria met). Participant characteristics are presented
in Table 1. Most children met positive or intermediate criteria for ADHD (N=26, 84%),
ODD (N=14, 45%), or conduct disorder (N=6, 19%), 32% (N=10) met positive criteria for 2
or more disorders, and 13% (N=4) did not meet positive or intermediate criteria for any
disorder. Over half of children (58%) were classified as overweight or obese and only 14%
had ever taken medication for their mental health (only 1 was on medication
[methylphenidate] during the intervention and his guardian was asked not to provide him his
medication on testing days). Importantly, no children changed their medication status during
the study.
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The University of Illinois at Chicago Institutional Review Board and Chicago Public
Schools Research Review Board approved study activities. Written informed consent was
obtained from participating parents and teachers, and written assent was obtained from
participating children. Intervention and data collection activities were completed at the
school. Recruitment was conducted during Fall of 2012 and the intervention during Winter
of 2013. Baseline data was collected M = 6.2, SD = 16.1 days prior to the intervention start
date for child neuropsychological tasks, and M = 39.5, SD = 23.1 days prior for parent
report measures. Posttest data was collected M = 4.1, SD = 5.0 days prior to intervention
completion for child neuropsychological tasks and M = 18.3, SD = 8.5 days after
intervention completion for parent-report measures. After baseline data collection, children
were assigned by the study statistician (LFF) using the Microsoft Excel 2010 RAND
function with equal allocation ratio (35), to a physically active (n = 19) or sedentary
attention control (n = 16) after-school program. To meet family needs, siblings were invited
to participate but were not included in the analysis. Research staff blind to condition
collected data individually from parents and children during school and after-school hours.
Only the parent/guardian that completed measures at baseline was allowed to complete
measures at posttest. Teachers completed eligibility screening questionnaires on their own
time. Teacher report was excluded for program outcomes due to a low response rate during
eligibility screening (data received for only 15 children).

Interventions

Children in each group met for ten weeks in separate classrooms after school from 3:15-6:00
pm on school days (five days per week). Lead instructors were five graduate students from
Kinesiology, Nursing, Public Health, and Pharmacy with prior experience working with
children (e.g., Girl Scout Troop leader, special education teacher, obesity prevention
program coordinator, sports coach, dance instructor). Assistant instructors were 8
undergraduate students from Kinesiology, Premedicine, and Psychology with prior
experience working with children (e.g., younger siblings and cousins, church service, youth
sports, tutoring, mentoring, and working as nannies and babysitters). Instructors received 16
hours of training on study activities and behavior management strategies with the PI (E.E.B)
and clinical child psychologist (D.R.) (14). Trainings focused on conceptual issues related to
behavior management and were adapted from trainings led by Dr. Frazier's research team
throughout Chicago Park District (CPD) sites (14). Sample themes included, utilizing simple
and clear rules and instructions, using “do” as opposed to “don't” commands, “catch 'em
being good,” be proactive not reactive, give attention to desirable behaviors, ignore
undesirable behavior, prepare engaging age-appropriate activities (by definition children
cannot be engaged in the activity and simultaneously misbehaving). Training also focused
on specific instruction in study behavior management techniques, such as the good behavior
game, token economy, stars of the day, and good news notes. In each case, the concepts were
reviewed and practiced through role play, with time allocated afterwards for feedback and
discussion. Ongoing daily supervision and weekly staff meetings with the PI provided
opportunities to review the previous week, plan for the upcoming week, troubleshoot
problems, and seek consultation from study clinical child psychologists (D.R. and S.L.F.).
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Instructors were rotated between groups to balance exposure to staff. Student-to-staff ratios
were maintained at 4 to 6 students per instructor. Both groups followed the same routine: 15-
min. snack/transition, 45-min. homework, 15-min. transition to school gymnasium
(treatment) or room for sedentary play (controls). Children then participated in 60-min. of
structured play followed by 30-min. of unstructured play. The experimental manipulation
occurred during structured play. In the physical activity group, structured play consisted of
staff-led cooperative and competitive physically active games and modified sports aimed at
maximizing participation and aerobic activity, with alternatives (e.g., jump rope) offered
along the periphery (26) (activities manual available upon request). During the physical
activity group's structured play time, children wore heart rate monitors (Polar FT1 heart rate
monitor; Polar-T31 coded chest strap) and earned tickets as part of a token economy for
achieving higher average heart rates (i.e., 130-139 beats per minute = 1 ticket, 140-149 beats
per minute = 2 tickets, etc.). Structured play in the control group consisted of a staff-led art
project and sedentary alternatives along the periphery (e.g., Legos, cards, puzzles, board
games). Children earned tickets for participation in the arts and crafts activities (e.g., used
supplies correctly, cleaned up area). Tickets were redeemable for prizes every other week in
both groups. Prizes were an assortment of inexpensive (< $1.00) small items (e.qg., pencils,
stickers, rubber toys, yo-yo's, bubble makers, puzzles, whoopee cushions, slime, goop, etc.).
Larger prizes (< $10.00) (e.g., basketballs and footballs) were available for larger ticket
amounts.

Three strategies helped to minimize disruptive behaviors in both conditions: 1) four rules
posted on walls and reviewed at the beginning of each rotation (i.e., respect people, places,
and things; be where you are supposed to be; follow directions; participate with a positive
attitude); 2) Good Behavior Game, a group contingency-based behavior management system
in which children could win pizza parties; and 3) Good News Notes and Stars of the Day
Awards sent home to parents praising good behavior (14). We supplemented these with a
staff member designated each day as a hallway monitor, a supervised timeout room, and a
five-strike offense contract system for serious violations (e.g., physical aggression) that
included parent meetings and suspensions and culminated in expulsion. The parent
handbook and intervention manual are available upon request.

Health—Within the treatment group, baseline aerobic fitness and estimated maximum heart
rate were measured using the 15 meter Progressive Aerobic Cardiovascular Endurance Run
(PACER) (30). The 20 meter shuttle run has demonstrated validity and reliability from ages
8-19 (5) and has been utilized in children as young as 6-years-old (6). The 15 meter shuttle
run used in the current study has demonstrated classification agreement with the 20-meter
test of 92% among 5™ grade boys and 87% among 5" grade girls (32). The 15-meter shuttle
run was used in the current study because the school gymnasium was too small for the 20-
meter test. Weight was measured with a balance beam scale (Health o meter®) calibrated
with standard weights and reported to the quarter pound. Height was measured with a
stadiometer to the 1/16 inch. Participants were standing in light clothing and without shoes.
Body Mass Index (BMI) was calculated and percentile and weight status evaluated
according to CDC growth charts for the United States.
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Demographics—Parents reported child age, gender, race, and medications and parent
marital status, education, income, and employment status.

Feasibility and Participation Indicators—On a daily basis, staff recorded attendance
and tickets earned, stars of the day, good news notes, suspensions, and offense contracts in
both groups. Beginning in the third week, staff also recorded average heart rate and highest
heart rate achieved each day during the 60-min daily structured physical activity session in
the group assigned to PA. Average percentage of maximum heart rate was calculated by
dividing the highest average heart rate achieved during the PACER test from the average
observed daily heart rate during the program. At posttest, parents reported children's
participation in other after-school programs during the study, changes in medication status,
psychiatric hospitalization, and police arrests. Parent blind was measured at posttest with a
single item, asking their child's assignment: a) physical activity, b) arts & crafts, or c) don't
know.

Executive Function—Parents completed the primary outcome, the BRIEF (17), reporting
real-world manifestations of executive function at baseline and posttest. Lower T-scores on
the BRIEF are adaptive. The validity of the BRIEF has been previously established in
children with ADHD (17). Secondary executive function outcomes included the STOPIT
task, a test of inhibition that distinguishes ADHD and non-ADHD children via performance
differences (ADHD children average reaction times of 367 milliseconds, while typically
developing children average 275 milliseconds) that are ameliorated with methylphenidate
(28, 54), and the Automated Working Memory Assessment System — Short Version
(AWMA-S) (1), which provides automated Standard Scores (M = 100, SD = 15) of verbal
and visuospatial working memory (1). Lower scores on the STOPIT task, and higher scores
on the AWMA are considered advantageous.

Mental Health—Parent reports on the DBD Rating Scale (symptom severity, 0-3) and IRS
(domains impaired, 0-6, see inclusion criteria) were used as additional secondary outcomes
of mental health. Parents also completed the Social Skills Improvement System (SSiS),
which assesses social skills and problem behaviors of their child on a standardized scale (M
=100, SD = 15) (18). Higher scores are adaptive for social skills and maladaptive for
problem behaviors.

Power analysis was based upon a large effect size (¢= 0.82) observed on the BRIEF GEC in
the first wave of a trial randomizing typically developing overweight children to physical
activity or sedentary attention control (26). At a one-tailed alpha of .05, an estimated power
of 0.80 required a sample size of 20 per group to detect a group x time interaction (9). As a
pilot study, this trial was not powered to identify significant differences on secondary
outcomes but to establish feasibility and effect sizes to inform future research. Linear mixed
effects models were run separately for each outcome as dependent variable and performed
with three base factors: group (0 = control, 1 = treatment), time (1 = baseline, 2 = posttest),
and interaction of group and time (group x time). Participant nested within group was
considered a random effect. Children were included in mixed models only on variables for
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which they or their parents provided data at baseline, whether or not they were adherent to
the assigned intervention or provided data at posttest (Figure 1). One child in the physical
activity group did not complete neuropsychological testing at baseline, three parents in the
control group and five parents in the physical activity group did not complete parent report
measures at baseline; these cases were excluded from analyses only on the outcomes for
which they had not provided baseline values. Mixed models handle attrition in an intent-to-
treat manner, by including all available data regardless of missing data, and each child's data
contributes to the model through a random effect of participant (15, 27). Thus, imputation of
missing values was not necessary and was not conducted. Non-normal outcomes were logyg
transformed. Within-group and between-group effect sizes (Cohen's @) were calculated using
pooled standard deviations (9). Exploratory mixed models investigated the interaction of
group, time, and attendance (group x time x attendance) and were followed up by
correlations between attendance and change scores in each group to assess dose-response.

Table 1 presents baseline demographics, symptom severity, functional impairment, and
mental health service use of participants by group. Table 2 presents measurements obtained
during the intervention. Feasibility goals were met with 86% retention and 60% (3 days/
week) attendance, including children that were expelled or withdrew from the program (N =
5). Heart rate data was recorded on 71% of days that children were present from weeks 3-10.
Heart rate monitors indicated a daily average of M =141 beats per minute, SD = 17 beats
per minute and average daily high of M = 193 beats per minute, SD = 10 beats per minute
(75% and 103% of estimated maximum heart rate, respectively), reflecting predominantly
vigorous physical activity. Children in the exercise program did not maintain a constant
heart rate during exercise in the manner adults participating in aerobic exercise would but
instead vacillated between brief periods of vigorous activity and rest in a manner akin to
adult interval training. There were no significant differences between groups on attendance,
disciplinary action, participant characteristics, or incentives received. A quarter of parents
correctly identified their child's group assignment, a rate worse than chance (p = .01).

Figure 2 and Table 3 present means, standard deviations, effect sizes, and mean differences
for group x time analyses. The group x time interaction was small and not significant for the
primary outcome, BRIEF GEC (F[1, 22] = 0.00, p=.988, d=-0.01). Among secondary
outcomes, a moderate between-group effect size favored physical activity on hyperactivity /
impulsivity (¢= 0.47), while small between-group effects favored physical activity on verbal
working memory (d'= 0.26) and controls on visuospatial working memory (&= -0.21) and
ODD severity (d=-0.37). Figure 3 presents a significant group x time x attendance
interaction which emerged on visuospatial working memory (F[1,33] = 7.4, p< .01) such
that attendance to the control program was related to improvements in visuospatial working
memory (r=.72, p< .01) while attendance to the exercise program was not (r=-.25, p=.
34) (Figure 3). Within-group effect sizes were moderate to large on most outcomes across
groups (= 0.67 to 1.60) (Table 3).
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Discussion

Results revealed substantial improvements in both groups with a near-zero effect size
difference between groups on the primary executive function outcome, the BRIEF GEC. The
sample demonstrated low executive function at baseline (e.g., 121 to 28! percentile on the
BRIEF, 19 to 361 on AWMA). The majority of children were overweight or obese, with
those tested at low fitness levels. Despite apparent behavioral problems, very few
participants had ever been evaluated by a mental health professional or taken medication,
which is typical for the low levels of parental income, employment, and education reported.
Thus, there was room for improvement on the dependent variable with low exposure to the
independent variable.

Despite implementation in a challenging high poverty environment, the trial met or exceeded
its feasibility goals. Two students withdrew from the physical activity group in the program's
first week, while two others were expelled from the attention control group and one from the
physical activity group for repeated serious infractions (e.g., cursing, hitting, throwing
furniture) over the course of the program. Previous studies of physical activity for children
with ADHD have reported retention rates between 86% and 90% (7, 8, 21), which is in line
with the rate observed in the current study. Few after-school alternatives were available in
the participating neighborhood, however, roughly 1 in 5 children enrolled in other after-
school programs on one or two days per week. These factors along with school suspensions,
program suspensions, hospitalizations, and arrests all decreased attendance rates. While no
previous studies of physical activity for ADHD have reported attendance as a continuous
variable, Smith et al., reported that 86% of children in their study attended at least 75% of
sessions, only 37% of children met this criterion in the current study, potentially reflecting
differences in program characteristics and sample studied (47). Nevertheless, 71% of
children attended the majority of days, and, on average, children attended 3 days per week,
which is an acceptable frequency of physical activity intervention in this age group (55).
This success was likely due to the convenience for families to leave their child (and siblings)
at the school until 6:00pm without charge. The number of positive reinforcements for good
behavior far exceeded punishments for misbehavior, reflecting effective implementation of
behavior management strategies by undergraduate and graduate students with training and
supervision from the Pl (EEB) and study child psychologists (SLF & DR).

Observed heart rates during the 60 minute structured play session in the physical activity
group fell above the 60% of maximum heart rate goal stated in two previous studies (8, 21)
but below the 154-beats per minute average reported in a third study (55). Unfortunately, on
over a quarter of days that children were present and participated their heart rate was not
recorded. This could have been due to children not beginning heart rate recording when
prompted, the chest strap having been placed incorrectly, the watch malfunctioning, or the
designated staff member not collecting the watch from the child (e.g., occasionally we found
watches simply thrown on the gym floor or children would forget to take them off and wear
them home). The low rate of parents correctly identifying their child's group assignment, at
posttest, despite being informed after randomization, may be due to the effectiveness with
which the study blinded parents to study hypotheses and emphasized equipoise in
presentation of study aims.
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Despite the overall null effect on the BRIEF, a moderate effect size favored physical activity
over the sedentary attention control condition on hyperactivity symptoms, suggesting a
potentially unique benefit of aerobic activity on hyperactivity above and beyond features
associated with quality after-school programs generally. Additional investigation in a trial
powered for this outcome is warranted. In contrast, a small effect size favored the attention
control condition on visuospatial working memory, and attendance to the attention control
program was related to greater increases on this outcome.

In a review of the executive function intervention literature, Diamond et al. observed that
diverse activities, both active and sedentary, generate executive function adaptations specific
to the dimension that is stressed (11). The visuospatial working memory finding corresponds
with this training specificity theory, and likely reflects overlap between the arts and crafts
activities and the spatial recall measure (1). Between-group effects on other secondary
outcomes were small or near zero. Concurrently, most within-group effect sizes reflected
moderate to large beneficial effects, including reductions in symptom severity between one-
third and one-half, functional impairment by more than half, and problem behaviors by a
standard deviation. This pattern of results is similar to those of other recent trials utilizing
sedentary attention control conditions, encouraging within-group effects over time but null
between-group effects (20, 25, 46). This highlights the utilization of a comparable but
sedentary attention control comparison group, which rules out alternative explanations for
program benefits, including consistent routines, engaging activities, prosocial interaction,
adult attention, and behavior management strategies.

The current study built upon the limited existing literature on regular exercise for children
with ADHD and/or DBD through attention to important issues of: (a) sample (exclusion of
siblings and typically developing children from analyses, inclusion of children with DBD as
well as ADHD), (b) provision of a substantial dose of physical activity sufficient to meet
current guidelines (53), which was larger [50 hours of structured and 25 hours of
unstructured physical activity vs. 18 hours (21), 27 hours (8), and 30 hours (20)] and more
vigorous than previous trials [75% of estimated maximum heart rate during structured
activity vs. a 60% goal in previous trials (8, 21)], and (c) clinical trial design and reporting
considerations (randomization, intent-to-treat analysis, adherence measures, meeting
CONSORT reporting standards, comparison to a sedentary attention control program with
similar staff and behavior management systems to isolate the impact of physical activity,
exclusion of siblings from analyses, standardized cognitive and behavioral outcomes,
blinding of data collectors, and specification of primary and secondary outcomes) (36).

The implementation of the trial in a high poverty African-American community with limited
access to safe, structured activities, high rates of childhood behavioral disorders, few
available mental health services resources, and no representation in the extant literature is a
critical feature of the study. An analysis of three national surveys indicated that nearly 80%
of low-income youth, and 90% of uninsured youth, in need of mental health services had not
received any in the past year (22). For those who do receive services, attrition rates exceed
50%, especially for low-income, African-American children (23). Hence, for children in
urban poor communities there are substantial barriers to affordable, accessible, and high
quality mental health care (48). Towards this end, after-school physical activity programs
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have promise as effective place-based interventions to address multiple health outcomes
simultaneously (14).

Alternate forms were not utilized on neuropsychological tasks administered in this study and
thus practice effects on these outcomes cannot be dismissed, though we would not expect
this effect to be different between groups due to randomization. Additionally, it was more
challenging to obtain data from parents and teachers than children in this high poverty
sample, resulting in a slightly smaller sample for parent report vs. child neuropsychology
outcomes (Figure 1) and the decision to limit teacher report to eligibility screening only.
Difficulty was also encountered in collection of PACER data, which was originally intended
to serve three purposes: 1) to describe the fitness level of the sample, 2) to obtain each
child's maximum heart rate in order to individualize each child's daily percentage of
maximum heart rate, and 3) as a fidelity check to ensure that fitness improved. On the
program's first day we tried to collect the PACER in its standard group format but were
unable to do so due to behavioral issues. Therefore, we switched to a one-on-one testing
format with a data collector conducting the PACER with children one at a time during the
after-school program's first week. This placed a considerable strain on both the intervention
and data collection staff, as well as the program, and it was decided that we would not
pursue this measure in the attention control group at baseline nor in either group at posttest.
Thus, the PACER serves to describe the fitness level and individualize heart rate data in the
physical activity group only and was not able to serve as a manipulation check.

Furthermore, without a no-intervention control arm, this study cannot rule out that benefits
demonstrated in both interventions were due to other factors (e.g., maturation, Hawthorne
effect, regression to the mean, etc.). That said, longitudinal studies conducted with children
with ADHD and DBD often demonstrate trajectories of escalating problem severity with
regard to inattention, conduct, and oppositional defiance when untreated (2, 4) and quasi-
experimental studies in ADHD have shown little to no improvement in no-intervention
control groups on cognitive and behavioral symptom outcomes in children (7, 55). Both
groups received daily homework support, which may have been responsible for a portion of
program benefits. Finally, children assigned to the sedentary attention control condition
participated in sedentary play activities (e.g., Dominoes) that may have directly challenged
aspects of executive function, and while this can also be true in the physically activity games
(e.g., basketball drills) (10, 11, 51), in the current study, activities were selected to maximize
heart rate, resulting in a high proportion of tag games, races, and calisthenics, as opposed to
skill and strategy based physical activities (e.g., team sports) with longer learning curves and
more frequent inactive times. Nevertheless, given the broad nature of executive function, it
would be difficult to design an engaging intervention, active or sedentary, that does not
challenge executive function.

Conclusion

The trial demonstrated that, with proper training and support, undergraduate and graduate
students can implement high quality after-school physical activity programs for children
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with behavioral disorders in a high poverty community. Children in both groups improved
on clinically relevant outcomes, though there were few differences between groups. Given
finite resources, and in the midst of an unwavering obesity epidemic, it is critical to identify
interventions that generate the greatest value for societal investment. To this end, physical
activity provides myriad physical health benefits related to prevention of obesity and chronic
disease, as well as reduction of risk for mood and anxiety disorders, for all of which children
with ADHD and DBD are at risk (4). Physically active games and sports are among the most
popular leisure activities in childhood, are cheaply and broadly available, and provide a
space that can be engaging, emotionally charged, and ripe with opportunities for learning
and forming emotional bonds with prosocial peers and adults (14). This study aligns with an
emerging literature on after-school programs with benefits for mental health and social
adjustment [e.g., (14)] and suggests that integration of structured behavior management (i.e.,
clear expectation, reward opportunities, peer reinforcement) into after-school programs,
active or sedentary, can maximize participation and benefits for children with ADHD and
DBD even in challenging circumstances.
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Figure 1. Participant flow diagram
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Figure 2. Group x time interactions on parent reported executive function, attention-deficit/
hyperactivity disorder symptom severity, and functional impairment
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Baseline demographics, symptom severity, functional impairment, and mental health
service use of participants by group

Attention Control (N = 16)

Treatment (N = 19)

% or M (SD)

% or M (SD)

Child & Parent/ Guardian Demographics

Child Age (years)

Child Male Gender

Child African-American / Latino

Parent/ Guardian Female Gender

Parent/Guardian Married

Parent/ Guardian Annual Household Income
$0-$10,000 / $10,001-$20,000 / $20,001-$40,000

Parent/ Guardian Employed

Parent/ Guardian Highest Education
< High School / High School Grad / Some College

8.7(2.0)
69%
100% / 6%
94%
21%

54% / 23% / 23%
43%

25% / 50% / 25%

9.4(22)
68%
100% / 0%
84%
7%

50% / 25% /25%
50%

54% /31% / 15%

Combined Parent & Teacher Reports on Disruptive Behavior Disorder Rating Scale - Symptom Severity (0-3)

Inattention 1.6 (0.8) 1.5(0.7)

Hyperactivity/Impulsivity 1.4 (0.7) 1.4(0.9)

Oppositional Defiant Disorder 1.4 (0.8) 1.3(0.7)

Conduct Disorder 0.3(0.3) 0.3(0.3)
Combined Parent & Teacher Reports on Impairment Rating Scale (0-6)

Domains Endorsed as Impaired 3.9(1.7) 3.7(1.7)
Lifetime Mental Health Service Use

Seen a Mental Health Provider * 31% 7%

Medication for Mental Health 21% 7%

Non-disruptive Comorbidities 14% 5%
Diagnostic Interview Schedule for Children, Version IV — Parent Interview #

ADHD Positive / Intermediate Diagnosis 60% / 33% 50% / 25%

ODD Positive / Intermediate Diagnosis* 33%/33% 25%10%

CD Positive / Intermediate Diagnosis 0% / 20% 6% / 13%

Comorbid (multiple positive diagnoses) 27% 38%
Body Mass Index (BMI)

Score 20.2 (5.1) 23.8(8.3)

Age/Gender Percentile 72.3(25.8) 81.8 (25.3)

Normal weight / Overweight / Obese 47% [ 27% 1 27% 36% / 9% / 55%

Note: No significant differences between groups (t-tests & chi-square) except:

*
=p<.05.
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Measurements Obtained During the Intervention, Mean (SD) or %

Attention Control (N = 16)

Physical Activity (N = 19)

Participation Indicators

Alttendance (% days attended) 67% (17%) 54% (31%)
Withdrew from study, No. 0 2
Expelled, No. 2 1
Retention 88% 84%
Progressive Aerobic Cardiovascular Endurance Run

Laps - 12.7 (4.9)

Healthy Fitness Zone

Needs Improvement — Health Risk - 50%
Needs Improvement - 50%

Maximum Heart Rate Achieved - 188.1 (10.2)
Heart Rate Monitors

Average Heart Rate, beats per min. - 140.6 (17.2)

Average % Maximum Heart Rate - 75 (5)

Average Highest Heart Rate Achieved, beats per min. — 193.1 (10.0)

Average Highest % Maximum Heart Rate Achieved - 103 (5)
Behavior Management Strategies

Good News Notes awarded per student 0.8 (0.6) 0.7 (1.0)

Stars of the Day awarded per student 16(1.4) 09(1.1)

Tickets earned in token economy per student 258.3 (96.0) 209.6 (140.0)

Pizza parties earned through Good Behavior Game, No. 2 2

Offense contracts per student 25(1.8) 19(2.1)

Days suspended per student 2734 2.9 (4.0)

Potential Confounders

Enrolled in other program simultaneously 21% 15%

Psychiatric hospitalization, No. 1 1

Police arrests, No. 1 3

Note: there were no significance differences between groups (t-tests & chi-square).
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