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Abstract

Although more severe brain injuries have long been associated with persisting neurocognitive deficits, an increasing body
of literature has shown that children/adolescents with single, uncomplicated mild traumatic brain injury (mTBI) do not
exhibit long-lasting neurocognitive impairments. Nonetheless, clinical experience and our previous report (Babikian,
2011) showed that a minority of children/adolescents exhibit persistent cognitive problems using performance based
measures following what appear to be relatively mild injuries. Predictors of poor neurocognitive outcomes were evaluated
in 76 mTBI and 79 Other Injury subjects to determine the relative contributions of indices of injury severity, clinical
symptomatology, demographic factors, and premorbid functioning in predicting 1-month and 12-month neurocognitive
impairment on computerized or paper and pencil measures. Injury severity indicators or type of injury (head vs. other
body part) did not predict either 1-month or 12-month cognitive impairment status. Rather, premorbid variables that
antedated the injury (parental education, premorbid behavior and/or learning problems, and school achievement)
predicted cognitive impairments. When post-injury neurocognitive impairments are observed in survivors of mild

injuries (head or other body part), a sound understanding of their etiology is critical in designing appropriate

intervention plans. Clinical and research implications are discussed. (JINS, 2013, 19, 145-154)

Keywords: Mild traumatic brain injury, Concussion, Pediatric, Neurocognition, Brain injury, Outcomes

INTRODUCTION

Although more severe brain injuries have long been associated
with persisting neurocognitive deficits (Anderson, Catroppa,
Morse, Haritou, & Rosenfeld, 2009; Babikian et al., 2009; Fay
et al., 1994; Walz, Yeates, Taylor, Stancin, & Wade, 2010), an
increasing body of literature has shown that, in general, children
and adolescents with single, uncomplicated mild traumatic brain
injury (mTBI) do not exhibit long-lasting neurocognitive
impairments based on performance based measures, which is in
contrast to persisting post-concussive symptoms (Yeates, 2010).
This is especially true in studies that use rigorous methodologies
to define a “mild” injury, discrete time points for assessing
outcomes, and appropriate control groups (Asarnow et al., 1995;
Babikian et al., 2009, 2011). Nonetheless, in some studies,
including our own (Babikian et al., 2011), and through clinical
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experience, several children and adolescents, following what
appear to be relatively mild injuries based on known clinical
characteristics, exhibit persisting complaints of cognitive
symptoms such as inattention or poor memory following a
mTBI that are reported to result in absences from school and
other activities, as well as decreased quality of life. This study
reports on a minority of children with mild TBI who appear to
have persisting performance based neurocognitive deficits by
comparing them to a matched group of children with an injury
to a body part other than the head to explore potential predictors
of those who show persistent cognitive deficits.

In general, the extant literature describing the predictors of
neurocognitive functioning following any severity of brain
injury in childhood has focused on characteristics of the brain
injury, typically including gross injury severity indices (e.g.,
Glasgow Coma Scale, GCS), length of impaired conscious-
ness, and number of observable lesions (Babikian et al.,
2005; Prasad, Ewing-Cobbs, Swank, & Kramer, 2002). Non-
injury variables, including family resources and pre-injury family
environment (Taylor et al., 1999, 2002; Yeates et al., 1997),
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have also been shown to predict neurocognitive outcomes;
however, little if any work has been published on the predictors
of neurocognitive outcomes strictly within the mild injury group.

Many patients with a mTBI complain of concussive
symptoms. The time course and predictors of post-concussive
symptoms have been well documented in a large longitudinal
sample of young mTBI patients (Yeates, 2010; Yeates et al.,
2009, 2012). Premorbid symptoms and behavioral adjustment
have shown to predict post-injury concussive symptoms. Mild
TBI, particularly accompanied by loss of consciousness, post-
traumatic amnesia, or other changes in mental status (Yeates
et al., 2009), was independently associated with more post-
concussive symptoms within the first year of injury relative to
another injury group (Yeates et al., 2012), with cognitive
symptoms lasting longer than somatic symptoms. Furthermore,
children with lower cognitive ability were more likely to show
ongoing problems than children with better cognitive ability,
suggesting a vulnerability to the effects of a brain injury in lower
functioning children (Fay et al., 2010). Retrospective reports of
premorbid symptoms by parents also predicted post-concussive
symptoms at 3 months (Fay et al., 2010).

Recently, we found that, in a large sample of children
and adolescents with uncomplicated mTBI ascertained from
emergency room admissions, injured patients performed more
poorly than healthy controls on several neurocognitive mea-
sures (Babikian et al., 2011). However, this finding was not
specific to the brain injured group. The neurocognitive perfor-
mance of an orthopedic control group recruited from the same
emergency rooms as the children with mTBI was the same as
that of children and adolescents with a brain injury, suggesting
a general injury effect (Babikian et al., 2011). However, a
relatively large proportion of the children and adolescents in the
mTBI and orthopedic control groups (approximately one third)
scored at least one standard deviation below the healthy control
group’s mean on 3 or more of the 10 neurocognitive measures.
Only approximately 10% of the healthy control children scored
in this range (Babikian et al., 2011). This parallels clinical
experience for which a small subset of mTBI cases appears to
have long-lasting cognitive problems. Many of the adverse
outcomes, including poor neurocognitive functioning, are
found in the premorbid histories of children who incur acci-
dental injuries, including TBI (Asarnow, Satz, Light, Lewis, &
Neumann, 1991; Asarnow et al., 1995; Bijur, Haslum, &
Golding, 1990). Expanding on the findings from our previous
study, in this study, we determined the relative contributions of
indices of injury severity and premorbid function in predicting
1-month and 1-year neurocognitive impairments in a large
sample of mild pediatric head injury patients and orthopedic
controls. In addition, we examined the effect of post-injury
psychosocial variables (stressors and problems) in predicting
1-year neurocognitive outcomes. In doing so, the following
questions were systematically addressed in this study: (1) Do
clinical (injury/severity related), premorbid, and/or demo-
graphic factors predict 1-month post-injury cognitive impair-
ment status? If so, to what degree? (2) Do clinical (injury/
severity related), premorbid, demographic, and/or post-injury
family or behavioral factors predict 12-month post-injury
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cognitive impairment status? If so, to what degree? (3) To
what extent do clinical (injury/severity related), premorbid,
demographic, and/or post-injury family or behavioral factors
predict 12-month neurocognitive functioning in those who are
identified as cognitively impaired?

METHODS

The study methodology is described in greater detail
elsewhere (Asarnow et al., 1995; Babikian et al., 2011). In
brief, children and adolescents who had incurred a mTBI
were recruited from consecutive admissions to 14 different
emergency rooms in the greater Los Angeles area. A control
group of children with injuries other than the head [Other
Injury (OI) group] was recruited from the same emergency
rooms as the mTBI sample. The children in the other injury
group were matched to the mTBI group on gender, age,
ethnicity, socio-economic status, and injury severity level.
All data were collected in accordance to our institutional
guidelines for human subjects research and approved by the
UCLA institutional review board. Parents consented and
children and adolescents assented before entry into the study.
Data collection was initiated in 1989 and completed in 1997.

As described in greater detail previously (Babikian et al.,
2011), The Abbreviated Injury Scale (AIS) (Greenspan,
McLellan, & Greig, 1985) was used as a measure of injury
severity because this metric allowed for comparability across
both the head injury and the other injury groups. Only AIS
scores of 1 and 2 were included, which resulted in a relatively
more uniformly “mild” spectrum of injuries within what is
traditionally defined as “mTBI” in the literature. A few
subjects with an AIS score of 3 who were initially enrolled
were not included in these analyses to ensure the uniformity
of the sample with regard to injury severity. AIS scores were
derived from medical records and used to determine elig-
ibility for enrollment in the study. Inclusion criteria for the
head injury group consisted of: (a) presentation to a partici-
pating emergency room for an injury involving and resulting
in an AIS score of 1 or 2; (b) no injuries above AIS level 2 at
any anatomic location; (c) injury from unintentional external
causes; (d) no litigation related to injury; (e) no serious injury
or death of others involved in the index accident; (f) treated at
1 of 14 emergency rooms located in one of three counties
within the greater Los Angeles area; (g) aged 8—17 years at
the time of injury; (h) no significant pre-existing central
nervous system damage or serious chronic diseases (e.g.,
cancer, congenital malformation); (i) parent/guardian con-
sent; and (j) child residing with parent/guardian. Computed
tomography scans were not available for review and, there-
fore, did not play a role in the selection of subjects for the
study. Inclusion criteria for the other injury group included
criteria b—j above, with AIS scores of 1 or 2 derived for
injuries to a part of the body other than the head for the injury
resulting in their enrollment in this study, as described in
Greenspan (1985). Children with injuries that caused
restricted movement of the hands/arms or discomfort during
testing were excluded.
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Table 1. List of tests summarized for each domain, accompanied by a brief description

Domain

Measures

Memory

Motor and Psychomotor

Attention/Concentration
Inhibition

Language

Prospective Memory Test — Subjects are required to respond to 5 tasks that approximate everyday memory
situations embedded in the standard protocol (e.g., remembering to tell or give something). (Experimental)

Picture Memory Test — Three groups of target pictures are presented. After each group, subjects pick out target
pictures for each group from a larger “recognition” group of pictures. (Experimental)

Word List Memory Test — Four lists of words consisting of 10 animals are presented for free recall. (Wickens,
1970)

Symbol Digit Modalities — Adapted from the Digit-Symbol subtest of the Wechsler scales, the subject is
presented with rows of blanks printed underneath nonsense symbols and asked to fill in the blanks with the
number that is matched to the symbol in the key at the top of the page. The number of correct responses and
errors in 90 seconds is recorded. (Smith, 1968)

Color Trails — Part B (Child Version) — Part B varies from the traditional Halstead version by introducing a
second set of numbers that appear in contrasting colored circles. The subject is to connect the numbers in
order; however, each subsequent number must be in the alternating colored circle (e.g., pink 1 to yellow 2,
etc). Time to completion and number of errors are recorded. Modified from (Reitan & Wolfson, 1985)

Pin Test — Subjects are required to push a pin through the holes of a metal template, puncturing a piece of paper
underneath. Two 45-second intervals (one for each hand) are administered. Total hits are summed for each
hand. (Satz & D’Elia, 1989)

Span of Apprehension Test — Subjects are instructed to search for two predesignated target letters (T or F) which
appear in 3, 5, and 10-letter arrays on a computer monitor. Subjects indicate if a T or F was present by pressing
one of two response buttons. Dependent variables are the detection rates by array size. Response latencies for
both correct and incorrect trials are recorded to permit analysis of speed/accuracy tradeoffs. (Experimental)

Stroop Test (Interference Condition) — Color names are printed but using an interfering ink (e.g., the word red is
printed using blue ink, etc.), and the subject is to ignore reading the words and say the ink color that was used
to print the word instead. Time to completion and number of errors made are recorded. Modified from
(Golden, 1976)

Degraded Stimulus Continuous Performance Test (DSCPT) — Subjects view a computer monitor on which
numbers 0 through 9 are presented one per second for a short duration, and are instructed to press a response
button whenever they see a 0. Number of correct detections (hits) and errors of commission (false alarms) are
measured, along with response latencies for both. The sensitivity of the task is increased by randomly
removing 40% of the pixels from the images. (Nuechterlein, 1983)

Peabody Picture Vocabulary Test (Revised) — Subjects are required to point to a picture corresponding to a target
word that is read. (Dunn & Dunn, 1981)

Note. See Asarnow (1995) for a comprehensive description of the tests and scores presented for each of the domains above. Raw scores were used on all
measures with the exception of the Peabody Picture Vocabulary Test, for which age corrected standard scores were available.

Participants were studied prospectively and assessments
were conducted in the homes of the children to minimize
attrition. The prospective nature of the study and relatively
low attrition rates minimized methodological and sampling
biases typically present in retrospective studies or samples of
convenience. Initial data were collected shortly after injury
(1 month) to ensure that pre-injury information (e.g., history
of learning/behavioral problems and information about prior
injuries) could be collected retrospectively in such a way to
minimize reports biased by the subsequent course of the
injury and to provide data on the acute injury characteristics.
Information about injury related symptoms and injury
characteristics were based on a series of multiple choice or
open ended questions that parents answered at approximately
1-month post-injury in a one-on-one personal interview
at their home. Pre-injury functioning was characterized using
data derived from parental interviews and standardized
questionnaires, including the Child Behavior Checklist
(Achenbach, 1991), which parents were instructed to complete
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with information about their child’s functioning for the period
roughly 6 months before the index incident.

Ten cognitive tasks were administered that fell within the
following four domains of cognitive functioning shown in
prior studies to be sensitive to TBI: memory (prospective,
visual, and verbal memory), motor/psychomotor functioning
(motor and processing speed), attention/executive functions
(attention span, sustained attention, and inhibition), and
general language (naming vocabulary). Table 1 lists the tasks
administered for this study. Raw scores were used on all tasks
with the exception of the Picture Vocabulary Test, where
published norms standardized for age were used. Raw scores
were used because (1) they generally provide more sensitive
indices of change than scaled scores and (2) many of the tasks
were developed specifically for this study and, therefore,
standardized norms were not available. Age at the time of
assessment was modeled in the analyses to account for nor-
mal age related differences in performance in the neurocog-
nitive measures. A detailed description of the tasks and the
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scores derived from them is contained in a previous report
(Asarnow et al., 1995) and summarized in Table 1. The same
battery of neurocognitive tests was administered at the 1-month
and 12-month evaluations.

Outcome Variables

A binary impaired variable (impaired vs. non-impaired) was
modeled for both follow-up time points (1-month and
12-month evaluations). Injured participants were designated
as neurocognitively impaired if they had scores on three or
more of the 10 neurocognitive tests listed in Table 1 that were
1.5 standard deviations or more below the mean of a normative
sample per age group (2-year age bands). The cutoff of 2 or
fewer impairments from 10 administered tests was derived from
recent literature documenting the rates of impairments on neuro-
cognitive measures in normal healthy populations (of adults)
(Schretlen, Munro, Anthony, & Pearlson, 2003), which was
similar to literature on base rates of abnormal scores in healthy
children (Brooks, 2010; Brooks, Sherman, & Iverson, 2010).
The normative sample was a group of matched non-injured
children that has been described in greater detail previously
(Babikian et al., 2011). Further analyses were then conducted on
this subset of the sample that was identified as impaired (sepa-
rately for each of the two time points) based on the above criteria
(n = 61 for the two injured groups combined). For this subset,
cognitive functioning was characterized by a single unweighted
factor score derived from a factor analysis of 6 of the 10 tests
that showed most sensitivity with regard to group differences
(i.e., differentiated the injured groups from the healthy control
group) in a prior study (Babikian et al., 2011). The neurocog-
nitive tests from which this summary score was derived were:
Picture Memory, Prospective Memory, Word List Learning,
Symbol Digit Modalities, Color Trails (Part B), and PPVT-R
(see Table 1 for a description of the tests and the respective
scores used in analyses). These are measures of broad cognitive
abilities, including measures of memory/working memory,
timed psychomotor tasks, and a measure of vocabulary. The
tasks that did not differentiate between the groups and, thus,
were not included were measures of pure motor speed and basic
attention span.

Predictor Variables

Study variables used as predictors of outcome in the analyses
were grouped as follows: (i) clinical (e.g., injury severity,
type of injury, number of head injuries, severity of recent
injury, number of concussive symptoms from recent
injury, with the latter two referring only to the TBI group),
(i1) premorbid/demographic (e.g., parent report of premorbid
behavioral/emotional problems, premorbid academic achieve-
ment, parental education, history of diagnosed problems),
and (iii) post-injury functioning (e.g., parent report of post-
injury behavioral/emotional problems, family stress, cognitive
impairment at 1-month post-injury). These are described in
detail in Table 2.
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Statistical Methods

Logistic regressions were used to model a binary (impaired
vs. non-impaired) outcome. Univariate and multivariate odds
ratios were calculated using routines by Kundu, Aulchenko,
van Duijn, and Janssens (2011) in R version 2.13.2
(R_Development_Core_Team, 2011), which fit a standard
GLM function for the logistic regression models. Brier scores
were used to quantify accuracy of risk predictions by com-
paring predicted risks with observed outcomes at the indivi-
dual level (where outcome values were either 0 ‘“not
impaired” or 1 “impaired”) (Brier, 1950). The Brier Score is
probably the most commonly used verification measure
of assessing accuracy of probability forecasts. The score is
the mean squared error of the probability forecasts for the
verification sample; therefore, a lower score represents high
accuracy with 100% accuracy for a Brier score 0 and poor
accuracy with increasing Brier scores. Nagelkerke’s R?, the
percentage of variance of the outcome explained by the pre-
dictors in the model, was also used; it is a generation of the
coefficient of determination R? for general regression models
(Nagelkerke, 1991). Lastly, linear regressions were used to
model a single continuous variable of cognitive functioning
(as described above) within the subgroup of subjects identi-
fied as “impaired.” We conducted all of the analyses pre-
sented in the study separately by group to determine if our
results would be different and did not see any differences in
any of the analyses performed. Also, group status (TBI vs.
OI) was not a predictor of our primary outcomes (impairment
at 1 month or 12 months). Therefore, only the combined
analyses were presented in the study. Furthermore, colli-
nearity in the multivariate analyses reported in Tables 4 and 5
can be indexed by a collinearity index (Brun and Reichert,
2001), which assesses the degree of overall linear depen-
dence between sets of parameters. Calculations of collinear-
ity based on R package FME (Soetaert and Petzoldt, 2010),
version 1.3, show that in no instance does any subset within
Table 4 or 5 achieve an index value higher than 4.923, where
the critical value for such dependence is generally taken to be
at least 20. Thus, collinearity is estimated to play no central
role in the reported findings.

RESULTS

Subject Description

Table 3 summarizes participant demographics for each of
the two injury groups. The sample consisted of 85 mTBI
subjects and 92 Other Injury subjects at the 1-month evalu-
ation (total N=177) and 76 mTBI subjects and 79 Other
Injury subjects at the 12-month evaluation (11% attrition for
the mTBI group and 14% attrition for the Other Injury
group). In general, the Other Injury group was slightly older
than the mTBI group by an average of 1 year (p = .01). As a
consequence, age was included as a covariate in all analyses.
The groups were comparable in gender. With regard to the
cognitive outcome and predictor variables, the two groups
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Predictor variables Definition

Clinical
Severity AIS scores of 1 or 2
Group TBI or Other Injury

No. of head injuries
Recent severity

Total number of lifetime head injuries, including the index injury for the TBI group (possible range 0+).
Presence of acute head injury severity indicators (i.e., degree of alteration in mental state), including

loss of consciousness, disorientation, loss of lucidity, post-traumatic amnesia, amnesia for accident,
loss of ability to speak, and difficulty opening eyes. Presence of any of these signs earned a score of
“1,” with scores summed into one variable (possible range 0-7). This variable applied only to the
mTBI group. This information was collected from parents retrospectively at the 1 month evaluation.

Recent concussion

Same as Recent Severity above, with the sum representing the presence of the following acute

concussive symptoms: headache, vertigo, ringing in ears, nausea, and blurry vision (possible
range 0-5). This variable applied only to the mTBI group. This information was collected from
parents retrospectively at the 1 month evaluation.

Premorbid/demographic
Total Behavior Score (pre-injury)

Child Behavior Checklist (Achenbach, 1991) Total Behavior Score, completed by parents based on their

child’s behavioral and emotional functioning approximately 6 months prior to the index injury.

Academic achievement

4-point parent rating (failing to above average) on four academic subject areas: reading, writing,

math, and spelling (possible range 4—16).

Parent education
Diagnosed learning problems

Number of years of education for the highest educated parent.
Number of premorbid diagnosed problems in the following categories: learning disability, hyperactivity,

attentional disorder, or whether a student received special education services (possible range 0—4).

Post-injury functioning
Total Behavior Score (post-injury)

Child Behavior Checklist (Achenbach, 1991) Total Behavior Score, completed by parents based

on their child’s post-injury behavioral and emotional functioning at the 12-month evaluations.

Family stress

Adapted from the Family Environment Scale, measuring the social and environmental

characteristics of the family (Moos & Moos, 1986).

Impairment factor, age corrected
(1-month eval)

Six of the 10 neurocognitive measures that previously showed most potential in differentiating
cases (TBI and Other Injury) from healthy controls from our previous analyses (Babikian et al.,

2011) were factor analyzed, yielding a single factor score. Factor loadings were similar across
both the TBI and Other Injury Groups. These loadings were age corrected to account for normal
developmental changes and included in analyses.

were also comparable on all of the variables with the excep-
tion of the head injury severity variables (with the mTBI
group having greater severity of recent injury and a greater
number of previous head injuries, as would be expected).
Furthermore, parents of the mTBI group reported a higher
number of years of education and the Other Injury group
had a higher proportion of subjects classified as “Impaired”
at 12 months (see Table 3).

Predicting 1-Month Neurocognitive QOutcomes

Table 4 presents the results of both univariate and multivariate
logistic regressions predicting binary (impaired vs. non-
impaired) 1-month post-injury neurocognitive outcomes in
the combined TBI and Other Injury groups for two categories
of predictors: clinical (injury related) and demographic/
premorbid problems. The clinical variables that only per-
tained to the head injury group (severity of head injury and
extent of concussive symptoms) were evaluated only in the
mTBI group.

Age was included in all of the logistic regression models.
Neither age nor any of the clinical variables were predictive of
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the “impaired” status of a subject, including whether their
injury was to the head or to another part of the body. The overall
model explained less than 2% of the variance in the outcome
(Table 4, ‘Clinical’ Panel). In stark contrast, in univariate
analyses, premorbid academic functioning, the presence of a
diagnosed learning problem, premorbid behavioral problems,
and parental education were all predictive of neurocognitive
impairment 1-month post-injury. In a multivariate model, all but
premorbidly diagnosed learning problems individually con-
tributed to predicting impaired neurocognitive functioning
1-month post-injury. Together, these variables explained
28.4% of the variance in the neurocognitive impairment
classification (See Table 4, Demographic & Premorbid Panel).

Predicting 12-month Outcomes

Table 5 presents the results of both univariate and multi-
variate logistic regressions predicting impaired neurocogni-
tive functioning at 12-months post-injury in the combined
TBI and Other Injury groups for three categories of pre-
dictors: clinical, demographic/premorbid problems, and post-
injury functioning variables. In addition, a fourth additional
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Table 3. Demographic and clinical makeup of study participants

TBI Other injury
Mean (SD) Range Mean (SD) Range Group differences (p)
Sample size
1 month N=285 N=92
12 months N=176 N=179
Age (SD), in years, at initial assessment 12.7 (2.0) 10-17 13.5 (2.1) 10-17 .014
Gender (% male) 62 58 NS
Clinical
Severity 1.7 (0.5) 1-2 1.4 (0.5) 1-2 <.001
No. of head injuries 2.0 (1.7) 1-12 0.5 (0.8) 0-3 <.001
Recent severity 3.6 (1.0) 1-6 N/A
Recent concussion 2.9 (1.3) 0-5 N/A
Premorbid/demographic
CBCL Total Behavior (pre-injury) 57.45 (11.6) 36-90 55.87 (11.2) 33-86 .360
Academic achievement 12.5 2.7) 4-16 12.23 2.7) 4-16 472
Parent education 13.2 (3.1) 2-20 11.93 (4.02) 0-20 .021
Diagnosed learning problems 0.61 (0.87) 04 0.56 (0.95) 04 744
Post-injury variables
CBCL Total Behavior (post-injury) 53.8 (11.8) 30-90 51.50 (11.3) 30-76 206
Family stress 2.4 (2.0) 0-11 2.13 (2.0) 0-8 .394
Cognitive impaired at 1 month 0.08 (1.02) —4.4-2.6 —0.07 (0.97) —2.1-2.41 312
Outcomes
Impaired at 1 month %Yes 38% 31% NS
Impaired at 12 months %Yes 28% 38% p<.05
Cognitively impaired at 12-months 0.06 (0.9) —2.1-0.06 —0.06 (1.1) —2.85-3.00 441

NS = not statistically significant.

set of predictors composed of the most robust predictors of
12 month neurocognitive outcome from the above categories
in univariate analyses were modeled. Again, age was included
in all of the logistic regression analyses. Age was predictive of
outcome (explaining less than 5% of the variance in impairment
status) in both univariate and multivariate models. However,
similar to the 1-month models, none of the injury severity
variables were predicted which participants had neurocognitive

impairments (Table 5, Clinical Panel). Of the demographic/
premorbid variables, academic achievement, presence of a
diagnosed learning problem, and parental education all pre-
dicted neurocognitive impairment in univariate models. In a
multivariate model, only premorbid academic achievement
remained a statistically significant predictor, with the entire
model predicting 18% of the total variance (Table 5, Demo-
graphic and Premorbid Panel). Of the post-injury functioning

Table 4. Predicting cognitive impairment (binary outcome of impaired/not impaired) at 1-month post injury using logistic regression models

UNIVARIATE MULTIVARIATE
n  OR (lower - upper) p Brier Nag R®> OR (lower - upper) p  Brier NagR?
Clinical
ALL
Age 177 0.982 (0.849-1.134) 0.801 0.242 0.000 0.968 (0.077 - 5.629) 0.702 0.241 0.008
Group (TBI vs. other injury) 177 1.332(0.730-2.429) 0.351 0.241 0.007 1.375(0.679 -2.786) 0.376
Number Head Injuries 177 0.955(0.777-1.173) 0.660 0.242 0.002 1.005 (0.796 - 1.269) 0.967
TBI only
Severity of Injury 85 1.191 (0.768 - 1.846) 0.435 0.231 0.010 1.147 (0.729 - 1.804) 0.554 0.230 0.017
Concussive Symptoms 85 1.167 (0.817 - 1.668) 0.395 0.233 0.012 1.135(0.784 - 1.645) 0.503
Demographic & Premorbid
Age 177 0.982 (0.849-1.134) 0.801 0.242 0.000 0.924 (0.779 - 1.095) 0.360 0.192 0.284
Academic Achievement 172 0.710 (0.614 - 0.820) <.000 0.206 0.202 0.753 (0.644 - 0.880) 0.000
Diagnosed Learning Problems 173 1.745 (1.207 - 2.524) 0.003 0.230 0.075 1.210(0.770 - 1.904) 0.408
CBCL Total Behavior (premorbid) 173 1.065 (1.033 - 1.098) 0.000 0.219 0.138 1.036 (1.000 - 1.073) 0.051
Parent Education 172 0.887 (0.812-0.969) 0.008 0.233 0.059 0.888 (0.803 - 0.982) 0.021
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Table 5. Predicting cognitive impairment (binary outcome of impaired/not impaired) at 12-months post injury using logistic regression

models.
UNIVARIATE MULTIVARIATE
n  OR (lower - upper) p  Brier NagR?> OR (lower - upper) p  Brier NagR?
Clinical
ALL
Age 155 0.851 (0.750-0.966) 0.012 0.222 0.047 0.849 (0.745-0.964) 0.012 0.210 0.048
Group (TBI vs. other injury) 155 0.952(0.519 - 1.745) 0.874 0.219 0.000 1.158 (0.570 - 2.353) 0.685
Number Head Injuries 155 1.016 (0.832 - 1.241) 0.877 0.219 0.000 1.029 (0.816 - 1.298) 0.810
TBI only
Severity of Injury 76 1236 (0.822-1.859) 0.309 0.217 0.016 1.232(0.818-1.855) 0.319 0.217 0.016
Concussive Symptoms 76 1.050 (0.739 - 1.492) 0.786 0.217 0.001 1.036 (0.726 - 1.477) 0.848
Demographic & Premorbid
Age 191 0.851(0.750 - 0.966) 0.012 0.222 0.047 0.814 (0.708 - 0.937) 0.004 0.191 0.182
Academic Achievement 185 0.787 (0.689 - 0.900) 0.000 0.203 0.100 0.803 (0.691 - 0.932) 0.004
Diagnosed Learning Problems 187 1.461 (1.059 - 2.015) 0.021 0.215 0.040 1.224 (0.828 - 1.808) 0.310
CBCL Total Behavior (premorbid) 186 1.021 (0.994 - 1.049) 0.135 0.219 0.017 1.001 (0.969 - 1.034) 0.963
Parent Education 186 0.918 (0.841 -1.002) 0.055 0.218 0.028 0.920 (0.834 - 1.014) 0.091
Post-Injury Functioning
Age 191 0.851(0.750 - 0.966) 0.012 0.222 0.047 0.851 (0.681 - 1.064) 0.157 0.125 0.538
CBCL Total Behavior (post-injury) 182 1.030 (1.002 - 1.058) 0.035 0.214 0.033 1.015 (0.972 - 1.060) 0.502
Stress 190 1.087 (0.921 - 1.284) 0.325 0.216 0.007 1.226 (0.941 - 1.599) 0.132
Cognition — 1 Month Post-Injury 186 0.719 (0.648 - 0.796) 0.000 0.176 0.194 0.022 (0.006 - 0.081) 0.000
Premorbid & Post-Injury Functioning
Age 191 0.851 (0.750-0.966) 0.012 0.222 0.047 0.868 (0.702 - 1.074) 0.192 0.129 0.547
Academic Achievement 185 0.787 (0.689 - 0.900) 0.000 0.203 0.100 0.951 (0.772 - 1.171) 0.637
Diagnosed Learning Problems 187 1.461 (1.059 -2.015) 0.021 0.215 0.040 1.320 (0.757 - 2.303) 0.328
CBCL Total Behavior (post-injury) 182 1.030 (1.002 - 1.058) 0.035 0.214 0.033 1.018 (0.975 - 1.063) 0.427
Cognition — 1 Month Post-Injury 186 0.719 (0.648 - 0.796) 0.000 0.176 0.194 0.026 (0.008 - 0.093) 0.000

variables, post-injury behavioral/emotional problems and neu-
rocognitive performance at the 1-month evaluation predicted
neurocognitive impairment in univariate models. In a multi-
variate model, only the 1-month neurocognitive performance
was predictive of neurocognitive impairment at 12 months,
explaining 54% of the variance in neurocognitive impairment
classification (Table 5, Post-Injury Functioning Panel). Lastly, a
fourth model that included only the most robust predictors
from all of the above univariate analyses was analyzed. In this
multivariate model, which included premorbid academic func-
tioning and learning problems diagnoses, post-injury behavioral/
emotional problems, and neurocognitive performance at
I-month post-injury, only the latter variable maintained
independent statistical significance as a predictor, with the
overall model explaining 55% of the variance (Table 5, Premorbid
& Post-Injury Functioning Panel). The above analyses were
repeated for only subjects (from both injury groups, n = 61)
who were identified as impaired, with the outcome being an
index of their overall neurocognitive functioning status (as
described in Table 2: Impairment Factor). As in the larger
sample, none of the injury severity variables explained a notable
amount of the variance in neurocognitive performance status at
12-months post-injury in either the univariate or multivariate
models. In contrast, both premorbid academic achievement and
parent education predicted 12 month neurocognitive perfor-
mance in both univariate and multivariate models.
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Changes in Impairment Status Over Time

Based on the binary neurocognitive impairment classification
used above, 57% of the mTBI group and 50% of the Other
Injury group were classified as not impaired at either time
point while 20% of the mTBI and 24% of the Other Injury
group was classified as impaired at both time points. Compared
to those who were not classified as impaired at either time
point, those with impairments at both time points came from
families with lower parental education (10.9 years vs. 13.2 years;
p =.002), had poorer pre-injury academic achievement
(p < .001), had a higher number of premorbidly diagnosed
learning and/or behavioral problems (p < .001), and evidenced
a higher number of premorbid (p < .001) and post-injury
(p < .001) parent reported emotional/behavioral problems.
However, the two groups were not different with respect to
the injury characteristics, including injury severity or whether
the index injury was to the head. Very similar findings were
observed when the above analyses were conducted separately
by injury group (mTBI vs. Other Injury), with the exception that
in the TBI group only, parent education was not different among
those impaired at both time points versus those without
impairment at both time points (p = .144), but differences were
observed in the Other Injury group (p = .010) (Table 6). Taken
collectively, these findings suggest that the neurocognitive
impairments seen in children who were impaired at both
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Table 6. Changes in Impairment Status by Group over Time

T. Babikian et al.

Classifications for TBI Group

Not Impaired at 12 Months

Impaired at 12 Months

Not Impaired at 1 Month 43 (57%) 6 (8%)

Impaired at 1 Month 11 (15%) 15 (20%)
Classifications for Other Injury Group

Not Impaired at 1 Month 39 (50%) 5 (6%)

Impaired at 1 Month 15 (19%) 19 (24%)

1-month and 1-year post-injury reflect premorbid characteristics
of the child and family and not the effect of a mTBI.

Furthermore, 15% of the TBI group and 19% of the Other
Injury group who were identified as impaired at the 1-month
evaluation were not considered impaired at the 12-month
evaluation. Since the TBI and Other Injury groups were too
small to conduct subgroup analyses, they were combined.
In this subsample, the only correlates of neurocognitive
functioning were parent education, with a correlation of .405
(p = .040) with 1-month neurocognitive performance and a
correlation of .628 (p = .001) with 12-month neurocognitive
performance. None of the other clinical, demographic, or post-
injury variables (including stress or number of concussive
symptoms) were correlated with neurocognitive functioning at
either time point (Table 6).

However, 8% of the TBI group and 6% of the Other
Injury group were not classified as impaired at the 1-month
evaluation but were at the 12-month evaluation. In this
small subgroup only, the only variable from the clinical,
demographic, and premorbid factors evaluated that was
correlated with cognitive functioning at the 1-year evaluation
was injury severity (r=.561; p=.073) (Table 6). After
careful review of this small subset, however, the small, late
decline in a few of the subjects’ scores in the first year in both
groups is likely due to random variation and/or regression
to the mean as the scores evaluated appeared to fall just
below or just above the binary cutoff determined for a
designation of “impaired.”
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Fig. 1. Model of inter-relationships between clinical, demographic,
premorbid, and post-injury functioning variables with 1-month and
12-month post injury cognitive impairment.
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DISCUSSION

The purpose of the current research was to determine the
relative contributions of indices of injury severity, clinical
symptomatology, demographic factors, and premorbid
functioning in predicting 1-month and 1-year performance-
based neurocognitive impairment in a large sample of mild
pediatric head injury patients and orthopedic controls. None
of the injury severity indicators or type of injury (head vs.
other body part) predicted either 1-month or 12-month cog-
nitive impairment status. Rather, premorbid variables that
antedated the injury (parental education, premorbid behavior,
and/or learning problems, and school achievement) predicted
cognitive impairments. In summary, the best predictor of
I-month impairment classification was school achievement,
followed by parent education and premorbid behavioral and
academic problems, while the best predictor of 12-month
impairment classification was 1-month impairment classifica-
tion (Figure 1). Of interest, of the mild injury group, 97% of
the parents at the 1-month evaluation reported at least one
concussive symptom that was present acutely (e.g., headache,
vertigo), although the presence or the severity of the concussive
symptoms was not predictive of neurocognitive impairments.
Although the mTBI group had a higher number of lifetime head
injuries (ranging from 1 to 12 with a mean of 2) than the OI
group (ranging from O to 3 with a mean of 0.5), raising questions
about the deleterious effects of multiple impacts, the number of
previous head injuries was not a predictor of outcomes in the
two groups combined or when this variable was considered
separately in each of the two groups.

The implications of this research are several. For parents
and care providers, it is hopeful news that, despite growing
evidence of acute, transient alterations chemically, structurally,
and metabolically following a TBI, a single uncomplicated
mild head injury is unlikely to result in long-term neurocogni-
tive impairment. Rather, it appears as though the cognitive
impairments observed in a third of the children who have a
mTBI likely predate the index injury. It is possible that learning
difficulties, behavioral challenges, and/or poor school perfor-
mance predating the injury may place these children at greater
risk for getting injured (head or other body part), and may have
come to attention only after the index injury. It is, therefore,
crucial in clinical settings to acquire a sound understanding of a
young patient’s premorbid family background, as well as their
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pre-injury functioning, before attributing causality to post-
injury cognitive impairments. Our study has shown that
when post-injury neurocognitive impairments are observed
in survivors of mild injuries (both head injury and injuries to
body parts other than the head) or following uncomplicated
single concussions, understanding the etiologies of these
impairments is critical in designing intervention plans. A child
with a developmental learning or cognitive problem is very
different than a child with no history of learning or academic
problems, who suddenly is faced for the first time with
challenges at school or in day-to-day functioning.

Another implication of the current findings is that the acute
neurocognitive evaluation is the single best predictor of
chronic neurocognitive problems, highlighting the impor-
tance of using these early evaluations to identify individuals
who may be at risk for long-term problems and secondly to
help guide interventions, including a plan to return to school.
In our sample, at least four fifths in each injury group showed
consistency in their impairment classification, namely
20-25% of the sample was identified as impaired at both time
points and approximately half of the subjects were classified
as not impaired at both time points. A small proportion
showed impairments initially but not at the 12-months post-
injury follow-up. In this group, cognitive functioning at
12-months was unrelated to injury variables, but rather pre-
dicted by premorbid functioning and demographic variables
(similar to the findings from the larger sample).

As observed in our study, almost all of the children with a
mild injury experienced at least one concussive symptom per
parent report of their acute presentation, and in many cases,
several (mean number of symptoms 2.9; SD 1.2). By definition,
none of the children in the other injury group were reported to
have concussive symptoms. The above suggests that by the
I-month post-injury time point, there is no indication of injury
related deficits in cognition based on performance based
measures despite the presence of concussive symptoms, which,
consistent with the works of Yeates and colleagues (2009) in
children and Kashluba and colleagues (2004) in adults, have
their own ramifications on a child’s return to school as well as
academic, social, and behavioral functioning. For instance,
initial transient problems even if not directly related to the brain
injury itself, residual post-concussive type symptoms, emotional
distress and stress related to a traumatic event and related
medical procedures, treatments, and visits may all have con-
sequences on a young person’s life. This could involve missing
classes and falling behind and performing poorly in school (even
if transiently). Furthermore, since premorbid learning problems
are relatively more common in these children, temporary stresses
to an already stressed system could plausibly exacerbate
premorbid problems and result in more pronounced deficits and
problems that have real-world consequences on academic
learning, emotional functioning, and general well-being. All of
these risk factors and issues are relevant not only to the brain-
injured group our analyses have highlighted, but additionally to
the population of young patients at risk for acquiring an injury.

The focus of this study and the series of articles published
from the UCLA longitudinal study of pediatric mild TBI in a
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well-controlled pediatric population has been neurocogni-
tion. There appears to be a dose response with regard to
the severity of injury and persisting cognitive deficits, with
mTBI resulting in very short-term cognitive sequelae and
more severe injuries result in persisting cognitive deficits
(Babikian, 2009), but the threshold of injury severity result-
ing in these lasting deficits is unknown. The findings from
this study and our preceding study (Babikian et al., 2011)
suggest that long-term neurocognitive impairments may be
present (in approximately a third of our sample), but are
unlikely to be caused by a single, uncomplicated, mild
TBI. A substantial number of children who incur a mild TBI
or orthopedic injury show only transient neurocognitive
impairments. It is important in clinical settings to consider the
effect of other aspects of a patient’s neuropsychological and
neurological functioning, aside from cognition, that may
also have significant implications in day-to-day life for a
young individual and their family.

Several limitations associated with this study are important
to acknowledge. No data were collected on eligible subjects
who chose not to participate, therefore, potentially contributing
to a bias in the sample included in the current analyses. We also
did not have access to GCS scores or neuroimaging data to
better characterize the nature and/or severity of the injury. The
injury severity variable (AIS) was very limited in identifying a
range of acute injury severity within the mild TBI group that
could potentially explain the poor outcomes in a small subset of
the TBI group. Also, because only AIS scores of 1 or 2 were
included in the analyses, it is important to note that the sample in
this study was comprised of a relatively mild sample that
included no “complicated” cases. However, the purpose of the
study was to focus on single, uncomplicated injuries and
exclude more severe injuries known to result unambiguously in
impaired cognition. Finally, symptom reports, including mea-
sures of concussive symptoms and injury severity ratings, were
based on parent report of initial presentation in the emergency
room collected retrospectively at approximately 1-month post-
injury and not corroborated with child report of symptoms or
medical records.
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