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Abstract

IMPORTANCE—Pediatric traumatic brain injury (TBI) contributes to impairments in behavior
and academic performance. However, the long-term effects of early childhood TBI on functioning
across settings remain poorly understood.
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OBJECTIVE—To examine the long-term functional outcomes of early childhood TBI relative to
early childhood orthopedic injuries (Ols). We also examine the moderating role of the social
environment as defined by parent report and observational measures of family functioning,
parenting practices, and home environment.

DESIGN, SETTING, AND PARTICIPANTS—A prospective, longitudinal, observational cohort
study conducted at each child’s home, school, and hospital, including 3 children’s hospitals and 1
general hospital in the Midwest. Patients were enrolled in the initial study between January 2003
and October 2006. Follow-ups were completed between January 2010 and April 2015. Fifty-eight
children who sustained a TBI (67%of original enrolled cohort) and 72 children who sustained an
Ol (61% of the original enrolled cohort) were prospectively followed up from shortly after injury
(between the ages of 3 and 7 years at enrollment) to an average of 6.7 years after injury, with
assessments occurring at multiple points.

MAIN OUTCOMES AND MEASURES—Long-term functional outcomes in everyday settings,
as assessed through the Child and Adolescent Functional Assessment Scale (CAFAS).

RESULTS—Of the 130 children included, the median age for those with Ols was 11.72 years and
11.97, 12.21, and 11.72 years for those with complicated mild, moderate, and severe TBIs,
respectively. Children with moderate and severe TBI were rated as having more functional
impairments in multiple domains than those with Ols (£ < .05). Children with complicated mild
TBI had greater impairments in school (odds ratio = 2.93; 95%CI = 1.10-7.82) and with thinking
(odds ratio = 15.72; 95%CI = 3.31-74.73) than those with Ols. Functional impairments in children
with TBI were more pronounced among children from families with higher levels of permissive
(mean CAFAS of 49.71, 35.74, 58.14, and 16.16 for severe TBI, moderate TBI, complicated mild
TBI, and Ol, respectively, with significant difference between severe TBI and Ol [difference =
33.55; P<.001] and complicated mild TBI and Ol [difference = 41.98; P < .001]) or authoritarian
(mean CAFAS of 56.45, 41.80, 54.90, and 17.12 for severe TBI, moderate TBI, complicated mild
TBI, and Ol, respectively, with significant difference between severe TBI and Ol [difference =
39.33; £<.001], moderate TBI and Ol [difference = 24.68; £=.003], and complicated mild TBI
and Ol [difference = 37.78; P< .001]) parenting or with fewer home resources (mean CAFAS of
69.57, 47.45, 49.00, and 23.81 for severe TBI, moderate TBI, complicated mild TBI, and Ol,
respectively, with significant difference between severe TBI and Ol [difference = 45.77; P< .001],
moderate TBI and Ol [difference = 23.64; £ < .001], and complicated mild TBI and Ol [difference
=25.20; P<.001)).

CONCLUSIONS AND RELEVANCE—Even children with relatively mild early TBI experience
long-term functional impairments, particularly in the context of less favorable home environments.
These findings suggest that improving parenting skills and the quality of the home environment
may promote functional recovery following early TBI.

Mounting evidence suggests that early brain injury has more profound and persistent effects
than brain injury sustained in later childhood or adolescence. Impairments cut across
domains of neurocognitive abilities, executive function skills, behavior, and social
competence.? However, to our knowledge, few studies have examined the consequences of

early brain injury on everyday functioning, particularly among cohorts that were followed up

prospectively since the time of injury. Characterization of everyday functioning following
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traumatic brain injury (TBI) may help us to understand and predict longterm deficits in
educational attainment, employment, relationships, and quality of life.3

A 10-year longitudinal follow-up study,* a notable exception to the dearth of prospective
studies, provides important evidence regarding the effects of early TBI on long-term
functioning. The study’s investigative team defined functioning at 10 years in terms of
parent-reported adaptive behavior and behavior problems and found that children with
severe TBI had poorer adaptive functioning across domains but not significantly higher
levels of internalizing or externalizing behavior problems. Although these findings add
important information to a scant literature, they were limited by high attrition, a relatively
small sample size (N = 59), and reliance on parental report.

Additional previous studies°:6 provide support for the influence of the social environment
on recovery and for the longer-term social and behavioral outcomes of TBI. Factors such as
family functioning,® parental warmth, negativity, disciplinary practices,%-8 and the stressors
and resources in the home?? have each been linked to cognitive and behavioral outcomes,
with generally stronger associations with behavioral recovery. Several studies have
demonstrated stronger effects of the social environment among children with more
significant neurological insult,>19:11 syggesting that children with severe TBI may be more
able to benefit from a positive family environment characterized by emotional and
educational resources and responsive, nonpunitive parenting.

The goal of this prospective cohort study was to examine the long-term functional outcomes
of children who sustained TBI relative to functioning in children who sustained orthopedic
injuries (Ols) between 3 and 7 years of age. Unlike previous studies, we used the Child and
Adolescent Functional Assessment Scale (CAFAS),12 which is clinical ratings derived from
a structured clinical interview with the parent(s), to provide an estimate of functioning in
everyday settings, including school, home, and community.

We also examined the moderating role of the social environment as defined by both parent
report and observational measures of family functioning, parenting practices, and home
environment. We anticipated that impairments in everyday functioning during the middle-
school years would be most pronounced among children with TBI whose parents reported
using permissive or overly strict disciplinary practices and whose families had poorer
functioning and fewer resources.

Design and Participants

This was a prospective cohort study of environmental influences on long-term functional
outcomes (average: 6.7 years after injury) for children who sustained early childhood TBI or
Ol. Participants who sustained a TBI or Ol between ages 3 and 7 years were enrolled from 3
children’s hospitals and 1 general hospital in the Midwest. The institutional review boards of
Cincinnati Children’s Hospital Medical Center, Nationwide Children’s Hospital, Rainbow
Babies and Children’s Hospital/University Hospitals of Cleveland, and MetroHealth Medical
Center approved the study design and methods. Written consent was obtained from all
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enrolled families. Participants underwent assessments at multiple points across the initial 18
months after injury. Inclusion criteria included hospitalization overnight for traumatic injury
(TBI or Ol) sustained between the ages of 36 and 83 months, no evidence of child abuse as
cause of injury, no history of documented neurological problems or developmental delays
before the injury, and English as the primary language in the home. The severity of the TBI
was characterized using the Glasgow Coma Scale (GCS), which was available in the medical
record of all participants with TBI.13 Severe TBI was defined by a lowest postresuscitation
GCS score of 8 or less. The moderate TBI group had a GCS score of 9 to 12. Complicated
mild TBI was defined by a GCS score of 13 to 15 with abnormal brain imaging. The Ol
group included children who sustained a bone fracture (excluding skull fractures) with no
alterations in consciousness or other signs or symptoms of head trauma or brain injury.

Given our objective was to examine functional outcomes in middle school when academic
and social expectations are increasing, parents were recontacted by both letter and telephone
call when the child was in fifth grade and invited to participate in the long-term follow-up
study. If contact information was no longer correct, we contacted family members or friends
the family listed previously to obtain new contact information. We also attempted to contact
families through electronic and physical mailings of the study brochure.

Everyday Functioning—The CAFAS assessed everyday functioning. The CAFAS uses
information from structured interviews with key informants (eg, parents) to generate
standardized ratings for functioning across domains and settings. It predicts subsequent
service use better than either psychiatric diagnoses or standardized checklists, 14 including
the Child Behavior Checklist,1® which is moderately correlated with the CAFAS (r= 0.65).
Used widely to assess changes in clinical outcomes for youth receiving mental health
services,16 the CAFAS generates ratings for functioning in 8 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. A total score is created by
summing domain scores (range: 0-240), with scores less than or equal to 50 considered to
be “unimpaired” and those greater than 50 as “impaired.” The CAFAS has established
validity and excellent interrater reliability, ranging from 0.74 to 0.99.17 For this study, 2
research personnel with advanced degrees in psychology or counseling were certified as
CAFAS trainers. Additional raters were trained to achieve an interrater reliability greater
than 80%, as recommended by the creator of the CAFAS. 18 Raters were unaware of the
severity or nature of each child’s injury. Ten percent of interviews were taped and jointly
rated, yielding an overall interrater reliability of 98.7%. The CAFAS was administered only
at the last follow-up visit of the study.

Family Environment—Three measures of the social environment were examined as
potential moderators of long-term functioning. The Parenting Practices Questionnaire
(PPQ)™ is a 62-item rating scale that assesses 3 dimensions of parenting style, consistent
with characterizations of authoritarian (parent-centered, demanding, unresponsive, and
punishment-heavy), authoritative (high acceptance and expectations, warmth, and autonomy
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development), and permissive (low expectations of appropriate behaviors, little instruction,
and high responsiveness to child’s needs) parenting.2® The scales for each dimension
represent composites of subscales derived through factor analysis. For the purposes of the
current study, we used total scores for each dimension. The PPQ was developed for children
between ages 4 and 12 years and has been used in studies on adolescents with TBI.21 The
questionnaire has shown satisfactory reliability and validity in previous research.?2 The
General Functioning subscale of the McMaster Family Assessment Device (FAD-GF)
assesses family functioning.23:24 This 12-item measure possesses satisfactory reliability and
validity?324 and has been shown to predict social and behavioral outcomes following
pediatric TBI.3:25-27 Higher scores reflect worse family functioning. The quality of the
home environment was assessed using the early adolescent version of the Home Observation
for Measures of the Environment (EA HOME).28 The EA HOME was designed for use with
children between the ages of 10 and 15 years. It is administered in the child’s home and
integrates parent interviews with direct observations of characteristics of the home (eg, space
and availability of books) and the quality of the parent-child interactions. The EA HOME
has been shown to predict longer-term developmental outcomes?8:2% with satisfactory
validity and reliability.30 In this study, reliability was assessed by having 2 research
assistants complete the EA HOME independently for approximately 5% of the home visits.
Interrater agreement exceeded 7= 0.92. The total score was used in the current study.
Preliminary analyses revealed modest correlations among the family environment variables
(rrange: 0.17-0.42; all P< .05).

Group differences in the CAFAS total score were examined using a linear model adjusted
for potential confounders, with Tukey pairwise comparisons between injury groups.
Secondary analyses of group differences by rates (odds) of falling in a more impaired
category for each of the 8 subscales (rating of 0, 1, 2, or 3, with 3 being the most severely
impaired) were conducted using the proportional odds cumulative logit model, which is a
special case of logistic regression that allows ordered responses over more than 2 levels.31:32
The primary predictor variables for the logistic regressions were dummy contrasts
representing comparisons of each TBI group with the Ol group. Covariates included time
since injury, age, child’s race/ethnicity, sex, study site, and socioeconomic status z score (Z-
SES) as defined by the mean of sample zscores for income based on census tract and
parental/guardian education.

Linear regression analysis was used to test the hypothesis that social-environmental
characteristics, as assessed by the PPQ, FAD-GF, and EA HOME, moderated the association
between injury severity and long-term functional outcomes. Models included injury severity,
social-environmental factors and their interactions, time since injury, age, child’s race/
ethnicity, sex, and Z-SES as defined by the mean of sample zscores for income based on
census tract and parental/guardian education. All analysis was conducted using SAS version
9.3 (SAS Institute).
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Results

Sample Description

We successfully reestablished contact with 163 of the 217 participants (75%) eligible for the
follow-up assessment. Of these, 17 (10%) declined to participate because they were too busy
or the child did not want further assessments. Excluded from the current analyses were 12
children with uncomplicated mild TBI and 4 children whose parents did not complete the
CAFAS interview. Seventy-two children with Ol and 58 children with TBI completed the
follow-up assessment. Participants included 16 of 23 children with severe TBI (69.6%), 14
of 21 children with moderate TBI (66.7%), and 28 of 43 children with complicated mild TBI
(65.1%). Participants did not differ significantly (P < .05) from the children who did not
complete follow-up with respect to injury type, sex, race/ethnicity, Z-SES, child 1Q at
baseline, or baseline social-environmental characteristics as measured by the FAD-GF or EA
HOME. Participants who did not complete follow-up had higher authoritative PPQ scores (P
=.05) but did not differ significantly in authoritarian (P =.18) or permissive scores (P=.
31). Within the follow-up sample, none of the TBI groups differed significantly from the Ol
group in age, time since injury, sex, race/ethnicity, or Z-SES (Table 1). The EA HOME
scores were significantly lower for the severe and moderate TBI groups than for the Ol
group but did not differ significantly between complicated mild TBI and Ol groups.
Permissive parenting scores were significantly higher for the severe TBI group than the Ol
group, but the groups did not differ on other social-environmental variables.

Group Differences on CAFAS

Examination of CAFAS total scores revealed a dose-response association, with higher
ratings of functional impairment for children with more severe TBI (P < .001). Scores were
significantly higher for all 3 TBI groups (complicated mild, moderate, and severe) compared
with the Ol group (P < .05 on Tukey pairwise comparisons). Males had significantly higher
ratings of impairments compared with females (2= .007).

As depicted in Table 2, significant group differences were also found for the school/work (P
=.001), home (P =.04), behavior toward others (P = .04), moods/emotions (P = .002), and
thinking (P =.002) subscales. Post hoc analyses indicated that children with severe TBI had
significantly higher rates of functional impairments in the domains of school, home,
behavior toward others, moods, and thinking compared with those with OI. Similarly,
children with moderate TBI had significantly higher rates of functional impairments in
school, behavior toward others, moods, and thinking than those with Ol. Complicated mild
TBI was associated with an increased risk of impairments in school and thinking. Models
examining self-harm and substance use failed to converge owing to the low frequency of any
impairment in these 2 domains (3 for self-harm and 1 for substance abuse).

Social-Environmental Moderators of Functional Impairment

Linear regression analyses examining moderators of global impairment revealed a
significant group by authoritarian parenting interaction (P=.03). As depicted in Figure 1, at
high levels of authoritarian parenting (1 SD above the mean of the entire cohort), children
with any TBI were rated as having greater functional impairments than children with Ol;
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however, at low levels of authoritarian parenting (1 SD below the mean of the entire cohort),
only children with severe TBI were rated as having significantly greater functional
impairments (difference in mean CAFAS vs Ol = 21.35;P=.03). These findings suggest that
the effects of complicated mild and moderate TBI on functioning are amplified under
conditions of high levels of authoritarian parenting.

Permissive parenting also moderated the effects of injury severity on functional outcomes (P
<.001). As depicted in Figure 2, at low levels of permissive parenting (1 SD below the mean
of the entire cohort), children with moderate TBI (P=.007) were rated as having greater
functional impairment than children with Ol. However, at high levels of permissive
parenting (1 SD above the mean of the entire cohort), youths with complicated mild (P< .
001) and severe (P < .001) TBI were rated as having greater functional impairment than
those with Ol.

Long-term effects of TBI on functional outcomes were additionally moderated by the EA
HOME total (P=.02). As depicted in Figure 3, group contrasts at 1 SD below the mean of
the entire cohort (ie, less enriched home environments) revealed significantly poorer
functioning following any TBI than following OI. In more enriched home environments (1
SD above the mean of the entire cohort), no significant differences were found in functional
impairment between youth with TBI and Ol.

Discussion

Our findings support the hypothesized association between early childhood TBI and long-
term impairments in everyday functioning an average of nearly 7 years after injury. Youths
with all severities of TBI were rated as having worse overall functioning than youths with
Ol. Severe TBI was associated with poorer functioning across domains including school,
home, community, behavior toward others, moods/emotions, and thinking. Children with
complicated mild, moderate, or severe TBI had higher rates of impairment in school and
thinking than those with Ol, suggesting that the functional consequences of neurocognitive
impairments were persistent and cut across severity levels. Contrary to recent evidence
regarding elevated rates of substance use and depression among adolescents with TBI,33:34
rates of impairment in these domains were too low to analyze. However, our cohort
comprised emerging adolescents, with an average age of 12 years, who may go on to
develop difficulties in these domains later in adolescence.

Parenting practices and quality of the home environment moderated the association between
TBI severity and functional outcomes. Consistent with hypotheses and prior research, the
adverse effects of TBI on functioning were amplified by either permissive or strict,
controlling parenting, as well as by less advantaged home environments. One exception to
this pattern of findings was the absence of heightened functional impairments in children
with moderate TBI by permissive parenting. Given the small sample size, this contrary
finding merits replication with a larger sample.

The current results run counter to earlier findings with this cohort that initial protective
effects of the social environment diminished by 18months after injury.2 The renewed
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relevance of parenting and home environment to long-term functioning following early TBI
may be attributable in part to emerging deficits3® in higher-order cognitive skills (ie,
executive functions), with increasing demands for self-regulation and organization during
early adolescence. Traumatic brain injury— related deficits may become more prominent
during this period, particularly in the context of home environments that are not conducive
to optimal functioning. Under suboptimal home conditions, even children with less severe
TBI (eg, complicated mild TBI) may display functional impairments relative to peers
without TBI.

Alternatively, the behavioral and social impairments associated with TBI may contribute to
changes in parenting and the home environment over time. Our finding of higher levels of
permissive parenting and lower quality home environments in the moderate and severe TBI
groups are also consistent with the possibility of reciprocal associations between home
environment/parenting and child functioning over time. Although beyond the scope of the
current report, further research examining the reciprocal associations of child and family
outcomes following pediatric TBI3 is needed to elucidate causality.

The current findings have important implications for family-centered interventions. Given
that maladaptive parenting practices (overly punitive or overly permissive) were associated
with increased morbidity following complicated mild to severe TBI, interventions to
promote more effective parenting may be useful for preventing or ameliorating morbidity.
Parenting skills interventions have been successfully trialed with children with TB137:38 and
acquired brain injuries3940 and have been shown to contribute to improvements in behavior
problems and care giving efficacy. Less is known regarding the optimal timing of such
interventions, eg, whether a parenting intervention shortly after injury can lead to lasting
changes in parenting style or whether parent training needs to be repeated at intervals to
prevent emerging impairments.

The limitations of the current study should be noted. Although children who completed this
long-term follow-up were comparable in most respects with those who dropped out or were
unable to be contacted, they had lower baseline authoritative parenting scores than those
who did not complete the follow-up, which may suggest some selection bias. Furthermore,
the CAFAS is not commonly used to assess long-term functional outcomes of pediatric TBI,
making comparisons across studies difficult. The advantage of the CAFAS relative to more
traditional TBI assessments*! is that it focuses on broader functional deficits as they
manifest in everyday settings. Additionally, because the CAFAS was administered only at
the final assessment, it was not possible to examine changes in functional impairment over
time. Structured psychiatric interviews were not conducted and would have yielded further
information regarding the effect of early TBI on mental health outcomes in early
adolescence. The results should be interpreted with caution because of the small group sizes.
The limited number of deficits on some subscales (such as self-harm and substance use)
precluded group comparisons and may lead to over fitted models for other subscales.
Families that did not speak English at home were excluded, which further limits the
generalizability of the study findings.
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Conclusions

Findings suggest that children who sustain early TBI are at risk for long-term impairments
in everyday functioning, particularly in the context of less optimal home environments and
parenting behaviors. Further follow-up is needed to determine whether these functional
impairments persist into adulthood and are associated with lower educational and occupation
attainments and diminished quality of life.3:4243
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Key Points
Question

How are long-term functional outcomes different between adolescents with early
childhood traumatic brain injury (TBI) and with orthopedic injury, and how do social and
home environments affect these outcomes?

Findings

In a prospective longitudinal cohort study, children with early TBI were rated as having
higher levels of functional impairments than those with orthopedic injury, with boys
having higher levels of impairment than girls. Functional impairments in children with
TBI were more pronounced among children from families with higher levels of
authoritarian or permissive parenting or with fewer home resources.

Meaning

This follow-up provides important evidence associated with long-term functional
impairments in adolescents who sustained early childhood TBI.
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Figure 1. Adjusted Mean Levels of Functional Impairment by Group at Low/High L evels of
Authoritarian Parenting

Significant group by authoritarian parenting interaction (£3 113 = 3.14; £=.03). Children
with traumatic brain injury (TBI) revealed greater functional impairment ratings than
children with orthopedic injury at high authoritarian parenting levels, but only children with
severe TBI showed significantly greater functional impairment ratings than those with
orthopedic injury at low levels of authoritarian parenting (difference = 21.35; £=.03). Error
bars indicate +1 SE.
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Figure 2. Adjusted Mean Levels of Functional Impairment by Group at Low/High L evels of
Permissive Parenting

Significant group by permissive parenting interaction (/3 113 = 5.74; £=.001). Children
with complicated mild (difference = 33.55; P< .001) and severe (difference = 41.98; P<.
001) traumatic brain injury (TBI) revealed greater functional impairment ratings than those
with orthopedic injury at high permissive parenting levels, yet children with moderate TBI
(difference = 31.64; P=.007) showed greater functional impairment ratings than children
with orthopedic injury at low levels of permissive parenting. Error bars indicate +1 SE.
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Figur
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e 3. Adjusted Mean Levelsby Group at Low/High Levels of Facilitative Home
onments

ficant group by home environment interaction (/3 114 = 3.28; P=.02) revealed

significantly poorer long-term functioning outcomes for children with a traumatic brain
injury (TBI) than children with an orthopedic injury when the home environment had low
enrichment, while high facilitative home environments revealed no significant group
differences in functional impairment. EA HOME indicates the early adolescent version of

the H

ome Observation for Measures of the Environment. Error bars indicate +1 SE.
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Table 2
Odds Ratio of Functional Impairment: CAFAS Subscales

OddsRatio (95% CI)

Comparison Complicated Mild TBI vsOI  Moderate TBI vsOl  Severe TBI vs Ol P Value
School/work 2.93 (1.10-7.82) 6.21 (1.73-22.34) 8.59 (2.56-28.82) .001
Home 1.00 (0.40-2.51) 1.31 (0.39-4.37) 5.03 (1.61-15.77) 04
Community 1.60 (0.11-23.27) 2.59 (0.21-32.62) 14.26 (1.64-124.32) .10
Behavior toward others  2.93 (0.96-8.90) 4.02 (1.05-15.37) 4.87 (1.38-17.25) 04
Moods/emotions 2.46 (0.87-6.98) 10.22 (2.95-35.47) 4.03 (1.17-13.87) 002
Self-harmful

Substance use

Thinking 15.72 (3.31-74.73) 10.00 (1.50-66.67) 22.39 (3.88-129.19) .002

Page 17

Abbreviations: CAFAS, Child and Adolescent Functional Assessment Scale; ellipses, models did not converge and no estimates were available; Ol,

orthopedic injury; TBI, traumatic brain injury.
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