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Abstract

Objective: To examine the impact of secondary ADHD (SADHD) on long-term global and
executive functioning in adolescents after traumatic brain injury (TBI).

Setting: Three tertiary cared children’s hospitals and one general hospital.

Participants: 120 children (54 TBI; 66 orthopedic injury [OI]) without pre-injury ADHD
assessed ~6.8 years post injury.

Design: Cross-sectional data analysis from a prospective, longitudinal study.

Main Measures: Outcomes included functional impairment (Child and Adolescent Functional
Assessment Scale [CAFAS]) and executive functioning (Behavior Rating Inventory of Executive
Functioning [BRIEF]).

Corresponding Author: Megan Narad, Cincinnati Children’s Hospital Medical Center, Division of Behavioral Medicine & Clinical
Psychology, 3333 Burnet Ave, Cincinnati, OH, 45229, megan.narad@cchmc.org.

Disclosures: The authors have no conflicts to disclose



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Narad et al. Page 2

Results: SADHD moderated the association of injury type with the BRIEF-Behavioral
Regulation Index (F(1,113) = 4.42, p = .04) and CAFAS (F(1,112) = 8.95, p = .003).TBI was only
associated with poorer outcomes in the context of SADHD. SADHD was also associated with
poorer outcomes on the BRIEF-Global Executive Composite (BRIEF-GEC; F(1,113) =52.92, p
<.0001) and BRIEF-Metacognitive Index scores (F(1,113) = 48.64, p<.0001) across groups.
Adolescents with TBI had greater BRIEF-GEC scores than those with Ol (F(1,113) = 5.00, p
=.03).

Conclusions: Although SADHD was associated with poorer functioning across groups, its
adverse effects on behavioral regulation and overall functioning were amplified following TBI.
TBI + SADHD may confer elevated risk for significant impairments in early adolescence.

Traumatic brain injury (TBI) remains a major cause of mortality and morbidity in children
and adolescents.! In the United States, more than one million children, adolescents, and
young adults evaluated in emergency departments for TBI annually.?2 While a TBI occurs
suddenly, ongoing residual deficits may persist for months, years, or longer after injury. An
estimated 165,000 children and adolescents are currently living with residual problems
following childhood TBI.3

Cognitive and behavioral problems are common after pediatric TBI; there is anincreased risk
for the development of psychiatric disorders.:5 The rate of new onset psychiatric disorders
following childhood TBI is 49% compared to 13% in children with orthopedic injury (OI).6
Psychiatric disorders associated with TBI in children and adolescents include attention
disorders, anxiety, depression, and other mood disorders.6-11 The most common psychiatric
disorder in children following TBI is Attention-Deficit/Hyperactivity Disorder (ADHD).>:12

ADHD is characterized by developmentally inappropriate hyperactivity, impulsivity, and
inattention across multiple settings.®13:14 The development of ADHD symptoms after an
injury, such as TBI, is referred to as secondary ADHD (SADHD).15 The prevalence of
ADHD in children with history of TBI is approximately 16% six months post-injury,16
indicating significantly higher risk compared to the estimated prevalence of ADHD in the
United States of 7.8%.17 Similarly, children with moderate TBI display almost twice the risk
of developing SADHD compared to those with Ol, and children with severe TBI
demonstrating risks four times higher than those with O1.18 Risk factors associated with the
development of SADHD include male sex, lower levels of maternal education, and family
dysfunction.18

The association of SADHD with behavioral and cognitive recovery is poorly understood.
The presence of SADHD after TBI is associated with poorer perfomance on measures of
attention, executive function, and memory one year post injury.12:19-21 However, previous
research is hampered by a lack of consideration of the effects of SADHD, independent of
pre-morbid ADHD, on long-term outcomes. While pre-morbid ADHD is known to be
associated with worse outcomes following early-childhood TBI, the implications of SADHD
for long-term recovery of cognitive and behavioral functions are unclear.1’

The present study aimed to characterize long-term global and executive functioning in
emerging adolescence after early childhood TBI among youth with and without new-onset
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attention problems post-injury. We hypothesized that SADHD after TBI would be associated
with greater impairment relative to TBI without SADHD and to Ol with or without post-
injury ADHD.

Institutional review boards of participating hospitals approved all procedures and written
informed consent/assent was obtained prior to participation. The parent study used a
concurrent cohort/prospective design. Consecutive admissions (from 2003-2006) of children
between 3 and 7 years old, hospitalized overnight for TBI or Ol, were screened at three
tertiary care children’s hospitals and one general hospital. Participants returned for a final
follow-up assessment from December 2009-April 2015.

Children with Ol were recruited as a comparison group to account for pre-injury child and
family factors, including child attention problems that increase the likelihood of sustaining
an injury requiring hospitalization.22 Inclusion in the Ol group required a documented bone
fracture in an area of the body other than the head requiring an overnight hospital stay, as
well as the absence of any evidence of findings suggestive of brain injury.

Additional eligibility criteria included accidental cause of injury, no pre-injury neurological
problems or developmental delays, and English as the primary language in the home.
Children were not excluded if they had a pre-injury history of learning or attention
problems. Assessments were completed at baseline (~1 month after injury), at 6, 12, and 18
months post injury, and at longer-term follow-ups an average of 3.4 years and 6.8 years post
injury. Children were invited for the final assessment when they transitioned to middle
school, with the expectation that deficits in executive function and attention might emerge at
this time given increasing expectations for independent planning and problem solving.23:24
Previous manuscripts have reported on behavioral and executive functioning of this cohort
throughout their trajectory of recovery 25(e.g. 25-2°, and more recently authors explored
factors associated with the development of SADHD over time after injury in this cohort.30
The present study extends these findings by exploring how the development of SADHD
throughout recovery may impact areas of functional impairment, particularly during the
chronic phase of recovery. In order to focus on long term effects of early childhood TBI, and
explore how the presence of ADHD may influence impairment or emerging deficits during
this critical period of emerging adolescence, individuals were included in the current
analyses if they returned for the extended follow-up an average of 6.8 years (SD=1.05) after
injury. Individuals who completed the long-term follow-up were not significantly different
from those who did not complete it in terms of injury type, age at injury, time since injury at
baseline, sex, race, or SES.

Family and Background Questionnaire—A background questionnaire was used to
collect demographic information, as well as pre-injury history of ADHD diagnosis and
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medication history. To evaluate socioeconomic status (SES), we averaged z-scores for
maternal education and median income for the census tract in which the family resided.

Executive Functioning—The parent-report Behavior Rating Inventory of Executive
Functioning (BRIEF)3! was administered to assess behavioral outcomes related to attention
and everyday executive function . The BRIEF is widely used to assess behavioral
manifestations of executive functioning in children following TBI.32 The Global Executive
Composite (GEC), Metacognitive Index (MI), and Behavioral Regulation Index (BRI) scores
(7-scores; M =50, SD = 10) were used as dependent variables. The Metacognitive Index
reflects planning, organization, and working memory abilities and the Behavioral Regulation
Index reflects emotion and behavioral control abilities. The Global Executive Composite
provides a summary of the two scales. Higher scores indicate greater executive dysfunction,
with a score of 65 or higher indicating clinical impairment.31

Functional Impairment—The Child and Adolescent Functional Assessment Scale
(CAFAS) was used to assess functioning in everyday settings.33:34 The CAFAS uses
information from structured interviews with key informants (e.g., parents) to generate
standardized ratings of functioning across the following domains: school, home, community,
behavior toward others, moods/emotions, self-harmful behaviors, substance abuse, and
thinking. Functioning in each domain is rated on an ordinal scale, ranging from 0
(unimpaired) to 30 (severe impairment) in 10-point increments, with higher scores reflecting
greater impairment. A total score, created by summing domain scores, was used in the
present analyses. Totals range from 0 to 240 and scores “50 are considered to be impaired.
The CAFAS has excellent validity and interrater reliability, ranging from 0.74 to 0.99.333
Two research personnel were certified as CAFAS trainers. Additional raters were trained to
achieve interrater reliability >80% as recommended by the creator of the CAFAS. Ten
percent of interviews were taped and jointly rated, yielding an overall interrater reliability of
98.7%.

ADHD symptoms—ADHD symptoms were assessed using the Child Behavior Checklist
(CBCL).36 The CBCL is a parent-report measure of child emotional and behavioral
problems with high test-retest reliability and criterion validity, and has been shown to be
sensitive to behavioral problems following TBI.37:38 Parents completed the CBCL at all
assessments, with report at baseline reflective of their child’s behavior prior to their injury
and all other reports reflective of current behavior. The Attention-Deficit/Hyperactivity
DSM-oriented scale T-score was used to identify patients with elevated levels of attention
problems. Clinically significant elevations on CBCL ratings of attention problems are
robustly associated with diagnoses made via structured diagnostic interview, highlighting the
clinical utility of this approach.3?

Defining ADHD—In the current study, ADHD was defined based on T-scores = 65 on the
Attention-Deficit/Hyperactivity DSM-oriented scale on the CBCL, parent reported history of
an ADHD diagnosis, or parent report of treatment with stimulant medication. Participants
who met one or more of these ADHD criteria at the baseline assessment (when parents were
asked to report on behavior, ADHD diagnosis, and treatment prior to injury) were
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considered to have primary ADHD (PADHD). Children who did not meet the definition for
PADHD but met the definition for ADHD at any subsequent assessment visit were
considered to have SADHD. While SADHD is typically associated with TBI-related
changes in attentional functioning, in the present paper it is used to describe new attention
problems following either TBI or Ol. In order to focus on the long-term functioning of
children with SADHD, those with PADHD were excluded from analyses.

General linear modeling was used to examine the effect of injury (TBI vs Ol), SADHD
status (SADHD vs. No ADHD), and their interaction on global and executive functioning
outcomes after controlling for age at injury, sex, and SES. Significance threshold was
defined as p<0.05. Logistic regression models, with the same factors described above, were
used to examine the role of SADHD status, injury, and their interaction on the likelihood of
BRIEF and CAFAS scores in the clinical range.

A total of 221 participants were enrolled in the study. To focus on the consequences of more
severe injuries, 15 children with uncomplicated mild TBI (GCS > 13 with no clinically
significant neuroimaging findings) were excluded from analyses. An additional 16 children
(5 TBI, 11 Ol) with PADHD were excluded, and 3 additional children were excluded
because they were missing parent rating scales at the baseline assessment. Of the 187
children who were identified as eligible for the analyses, 120 children (TBI: n=54, Ol: n=66)
and their caregivers completed the extended follow-up, an average 6.8 years (SD=1.05) after
injury. Individuals who completed the long-term follow-up were not significantly different
from those who did not complete it in terms of injury type, age at injury, time since injury at
baseline, sex, race, or SES. See Table 1 for demographic information for individuals
included in the analyses. At the extended follow-up, 25 (46.3%) children in the TBI group
and 9 (13.6%) children in the OI group were identified as having SADHD (p < .001).
Descriptive statistics, as well as frequency and proportion of clinically elevated scores, for
all outcome variables by injury group and SADHD status are presented in Table 2.

Executive Functioning - Behavior Rating Inventory of Executive Functioning

Global Executive Composite (GEC).—The analyses revealed main effects of injury
type (F(1,113) = 5.00, p = .03) and SADHD status (F(1,113) = 52.92, p <.0001). Individuals
with TBI had higher GEC scores than those with Ol , and those with SADHD had greater
GEC scores than those with no ADHD, see Table 2. The interaction of injury type by ADHD
status was not significant. Further, SADHD status was significantly associated with the
likelihood of having a GEC score within the clinically elevated range (X2(1) = 16.49,
p<.01). Specifically, a greater proportion of those with SADHD had clinically elevated GEC
scores compared to the no ADHD group , see Table 3. Neither injury type nor the interaction
of injury type and SADHD status was associated with risk for clinically elevated GEC
SCores.
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Behavioral Regulation Index (BRI).—The main effects of injury type (F(1,113) =
10.20, p = .002) and SADHD status (F(1,113) = 33.12, p <.0001) were significant. The
interaction of injury type by SADHD status was also significant, F(1,113) = 4.42, p = .04
(see Table 2, Figure 1). The effect of injury type was only significant among those with
SADHD, such that those with TBI+SADHD had higher BRI scores than those with Ol
+SADHD ((113) = 3.07, p = .003), with no significant difference between Ol and TBI
patients without SADHD. The effect of SADHD was significant in both injury groups, such
that those with SADHD had higher BRI scores in both the TBI (t(113)=6.44, p<.0001) and
Ol (t(113) = 2.46, p = .02) groups. SADHD status was significantly associated with
obtaining BRI scores in the clinically elevated range (X2(1) = 12.96, p<.01). A larger
proportion of those with SADHD had clinically elevated BRI scores compared to the no
ADHD group, see Table 3. Neither injury type nor the interaction of injury and SADHD
status was associated with risk for clinically elevated BRI scores.

Metacognitive Index (MI)—The main effect of SADHD status was significant (F(1,113)
= 48.64, p<.0001), such that those with SADHD had higher M1 scores than those without
SADHD regardless of injury type, see Table 2. Neither injury type nor the injury type by
SADHD status interaction was significant. Finally, SADHD status was predictive of
clinically elevated MI scores (X2(1) = 18.88, p<.01). Again, a larger proportion of those in
the SADHD group had clinically elevated Ml scores than those in the no ADHD group, see
Table 3. Neither injury type nor the interaction of injury type and SADHD status was
associated with risk for clinically elevated MI scores.

Global Functioning — Child and Adolescent Functional Assessment Scale

(CAFAS)

The main effects of injury type (F(1,112) = 15.35, p = 0002) and SADHD status (F(1,112) =
16.47, p <.0001) were significant on the CAFAS. The interaction of injury type by SADHD
status was also significant, F(1,112) = 8.95, p = .003 (see Table 2, Figure 2). The effect of
injury type was only significant among those with SADHD, such that those with TBI
+SADHD had higher CAFAS scores than those with OI+SADHD (t(112) = 4.01, p=.0001),
with no significant difference between those with Ol and TBI without ADHD. Further, the
effect of SADHD was only significant among those with TBI (t(112) = 5.72, p<.0001);
CAFAS scores did not differ among children with Ol with and without SADHD. Finally,
both SADHD status (X2(1) = 4.31, p = .04) and the interaction of injury type and SADHD
status (X2(1) = 5.03, p = .02) were associated with the likelihood of clinically elevated
functional impairment. Specifically, children with TBI + SADHD had a greater likelihood of
clinically elevated CAFAS score compared to those with TBI and no ADHD (X2(1) = 22.82,
p<.001) and those with Ol + SADHD (X2(1) = 7.40, p=.007), see Table 3.

Discussion

The current findings provide further evidence of the significant association of SADHD with
functional outcomes following early childhood TBI. SADHD was associated with poorer
functioning on all outcomes examined. However, for parent-reported behavioral regulation
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and independent ratings of overall functioning, the adverse effects of SADHD were
amplified for children with TBI. Among those with both SADHD and TBI, average
Behavioral Regulation Index and Global Executive Composite scores were within the
clinically impaired range. These findings suggest that children with TBI+SADHD may be at
elevated risk for significant impairments in early adolescence as they transition from more
structured environments to greater autonomy. Contrary to expectations, TBI was not
independently associated with parent-rated metacognitive deficits after controlling for
SADHD. Thus, identifying and effectively treating SADHD may result in improved
executive and global functioning during this critical developmental period.

Not surprisingly, SADHD, after either TBI or Ol, was associated with poorer executive
function behaviors and functioning in everyday settings. The observed effect of SADHD on
both MI and GEC suggests that SADHD impacts metacognitive skills and global executive
functioning skills similarly across all adolescents, regardless of injury type. These findings
are consistent with prior research demonstrating functional impairments 40-44 and deficits in
executive functioning 4945-48 among individuals with ADHD. The impact of TBI on overall
executive functioning also was consistent with existing research;28:49.50 however, the lack of
association of injury type with meta-cognitive skills was unexpected. Most research has
shown a robust effect of severe TBI. 4551-53 Collapsing across TBI severity groups may
have hindered our ability to detect injury related differences.

The interaction of SADHD and injury type, observed on the Behavioral Regulation Index of
the BRIEF and Child and Adolescent Functional Assessment Scale total score, suggest that
SADHD is associated with worse outcomes when it occurs in association with TBI as
opposed to Ol. SADHD had a significant impact on behavioral regulation for all adolescents
regardless of injury type, but with a more pronounced effect in the TBI group. This may
suggest that SADHD after TBI is unique in the greater demonstration of difficulties with
behavioral control, emotional instability, and disinhibition, while SADHD after Ol may be
more reflective of developmental ADHD emerging after injury. Similarly, the impact of
SADHD on global functioning was only significant among children with TBI, with no effect
of SADHD seen among children with Ol. Although most previous research has focused on
understanding the risk factors associated with the development of SADHD following TBI,
the additive adverse effects of TBI and SADHD on long-term functioning as measured by
the BRIEF and CAFAS are consistent with previous research examining other outcomes,
including neuropsychological sequelae,2° attention, executive functioning, memory,1°
inhibitory control,>* and adaptive and intellectual functioning.>®

The elevated risk of clinical impairment highlights the critical need to track children with
TBI over time to identify and manage emerging SADHD symptoms. However, the evidence
for management approaches (medical or behavioral) for attention problems following TBI in
children is quite limited, with significant heterogeneity in sample characteristics and
outcomes preventing definitive conclusions. °® Some evidence suggests that medication used
to treat developmental ADHD may also be effective for SADHD®’ and may also result in
improvement in EF.57:58 Assessing and addressing SADHD symptoms in early adolescence
in this population may be especially important for promoting a successful transition to
adulthood.
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This study was limited by a reliance on parent report for assessing SADHD. Although
ratings on the CBCL show a close correspondence with clinical diagnosis,® a structured/
semi-structured clinical interview and clinician derived diagnosis with the integration of
information from multiple sources would provide more robust evidence of SADHD.
Similarly, there may exist some overlap in items on the CBCL (used in part to define the
ADHD sample) and the BRIEF (used to identify weaknesses in executive functioning).
While executive functioning is theorized to underly the symptoms of ADHD, they are not
one in the same. Future work would benefit not only from a clinician derived diagnosis of
ADHD, but also objective performance based assessments to better understand the patterns
of executive functioning weaknesses in this population. Along these lines, additional
psychiatric comorbidities were not assessed. Previous work has documented the high rate of
comorbidity, particularly personality changes, among children/adolescents with SADHD.
39.60 Because the Child and Adolescent Functional Assessment Scale taps into multiple
domains of functioning, future studies should control for the presence of behavioral
comorbidities when examining the impact of SADHD on impairment. Although the current
sample was representative of enrolled children, attrition may have biased the sample in
unknown ways. Further, children with PADHD were excluded from analysis. We were able
to explore the impact of new onset symptoms, but the small number of children with
PADHD precluded study of the relative effects of PADHD in the two injury groups. Other
authors have noted a different pattern of executive functioning 20 and inhibitory control 61.62
in children with SADHD compared to those with PADHD. In addition, due to the young age
at injury of the sample, it is possible that that a portion of those in the SADHD group may
have had PADHD that had not yet been diagnosed due to their young age. To help minimize
the complication of this, parent report of pre-injury behavior, rather than relying solely on
previous diagnosis of ADHD, was used to identify children with potentially elevated levels
of ADHD symptoms prior to their injury. Further, although the current study used an Ol
comparison group, children in this group may have been more prone to pre-injury ADHD-
symptom traits compared to a non-injured, healthy control group.18 Future research would
benefit from including a non-injured healthy comparison group to further elucidate the
effects of significant early childhood injury and ADHD on functional outcomes. Finally, the
current study aims to identify groups of individuals who may be at greater risk for poor
outcome after pediatric TBI, and therefore looked at the moderating effect of clinically
significant levels of ADHD symptoms. Future studies may benefit from focusing on
understanding symptoms of ADHD as a mediator of poor outcome, or mechanism of
impairment.

In sum, the current findings provide important information about the effects of SADHD on
long-term functioning following early TBI. Consistent with the model of managing TBI
from a chronic disease model 3’with the goal of optimizing functioning 37, findings
underscore the importance of tracking children over time and managing SADHD to mitigate
associated functional impairments. Future research is needed to identify behavioral or
family-centered treatments, in addition to pharmacotherapy, to prevent or ameliorate
impairments.
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Figurel.
ADHD by Injury type interaction on Behavioral Regulation Index (BRI) on parent reported

Behavioral Rating Index of Executive Function (BRIEF).

J Head Trauma Rehabil. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Narad et al.

80

70

60

50

40

30

20

10

-

Ol TBI

NO ADHD e SADHD

Figure2.
ADHD by Injury type interaction on global functioning as measured by the CAFAS
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Table 1.

Demographics information for all injury groups.

Ol (n=66) TBI (n=54) Total Sample (n=120)

Age at injury 5.16 (1.05)  5.19 (1.14) 5.17 (1.09)
Time since injury (years)  6.71 (.95) 6.89 (1.16) 6.79 (1.05)
Males, n (%) 34 (51.5%) 31 (57.4%) 65 (54.2%)
Race, n (%) nonwhite 15 (22.7%) 15 (27.8%) 30 (25%)
ZSES 14(90)  -.05(.95) .05 (.93)
SADHD 9(136%)  25(46.3) 34(28.3%)

Note: Ol = Orthopedic Injury, TBI = Traumatic Brain Injury, zSES = z-score of socioeconomic status, SADHD = Secondary ADHD.

The TBI group had a greater proportion of participants with SADHD than the OI group (p<.0001). No other group differences for any of the
demographic variables were noted.
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