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ORIGINAL ARTICLE CLINICAL STUDIES

Three-Month Psychiatric Outcome
of Pediatric Mild Traumatic Brain Injury:
A Controlled Study
Jeffrey E. Max,1,2,* Nicholas Judd,3 Erin D. Bigler,4-6 Elisabeth A. Wilde,5 Jo Ellen Patterson,7

Todd M. Edwards,7 Ainara Calahorra,1 Bianca G. De La Garza,1 and Florin Vaida8

Abstract
The objective was to clarify occurrence, phenomenology, and risk factors for novel psychiatric disorder
(NPD) in the first 3 months after mild traumatic brain injury (mTBI) and orthopedic injury (OI). Children
aged 8-15 years with mTBI (n = 220) and with OI but no TBI (n = 110) from consecutive admissions to an
emergency department were followed prospectively at baseline and 3 months post-injury with semi-
structured psychiatric interviews to document the number of NPDs that developed in each participant.
Pre-injury child variables (adaptive, cognitive, and academic function, and psychiatric disorder), pre-injury
family variables (socioeconomic status, family psychiatric history, and family function), and injury severity
were assessed and analyzed as potential confounders and predictors of NPD. NPD occurred at a significantly
higher frequency in children with mTBI versus OI in analyses unadjusted (mean ratio [MR] 3.647, 95% con-
fidence interval [CI95] (1.264, 15.405), p = 0.014) and adjusted (MR = 3.724, CI95 (1.264, 15.945), p = 0.015) for
potential confounders. In multi-predictor analyses, the factors besides mTBI that were significantly associ-
ated with higher NPD frequency after adjustment for each other were pre-injury lifetime psychiatric disor-
der [MR = 2.284, CI95 (1.026, 5.305), p = 0.043]; high versus low family psychiatric history [MR = 2.748, CI95

(1.201, 6.839), p = 0.016], and worse socio-economic status [MR = 0.618 per additional unit, CI95 (0.383,
0.973), p = 0.037]. These findings demonstrate that mild injury to the brain compared with an OI had a sig-
nificantly greater deleterious effect on psychiatric outcome in the first 3 months post-injury. This effect was
present even after accounting for specific child and family variables, which were themselves independently
related to the adverse psychiatric outcome.

Keywords: mild traumatic brain injury; pediatrics; prospective longitudinal controlled study; psychiatric
disorders

Introduction
Mild traumatic brain injury (TBI) is a major public health

problem in the United States.1 While it is established that

children with severe TBI are at high risk for post-injury

new-onset psychiatric disorder, termed novel psychiat-

ric disorder (NPD),2–6 studies of children with mild

TBI (mTBI) are plagued with methodological problems

resulting in conflicting findings and fueling controversy.

There is not a single psychiatric interview study of pedi-

atric mTBI that is free of problems related to definition of

mTBI, control group selection, outcome measurements,

lack of longitudinal design, selection bias, sample size,

or assessment of injury and psychosocial risk factors.7

The importance of this research is highlighted by

findings of two large prospective studies of mTBI.8,9 The

first involved a birth cohort,9 and the second involved
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surveillance of computerized medical information of

children consecutively treated for mTBI.8 Both studies

showed that children with mTBI had significantly more

new-onset behavioral symptoms than controls. The major

weaknesses of these studies include that the psychiatric out-

come measure was not generated from standardized psychi-

atric interviews and there was an absence of injured control

groups.10,11 Nevertheless, the results challenge authoritative

reviews of relatively benign behavioral outcomes of mTBI

in well-designed studies.12,13 The present study aims to clar-

ify the controversy regarding behavioral outcomes in pediat-

ric mTBI with a comprehensive psychiatric investigation to

overcome the methodological problems of previous studies.

Our study is modeled after the study led by Yeates14–17

that focused on post-concussion symptoms (PCS) rather

than the broader spectrum of psychiatric disorders. ‘‘Post-

concussional disorder’’ was significantly higher in the

mTBI versus the orthopedic injury (OI) control group

2 weeks after injury (51% vs. 30%), but not thereafter

in the first year post-injury (19-27% versus 19-

21%).18 Fay and colleagues found that mTBI was more

likely to result in PCS relative to OI, among children of

lower compared with higher cognitive ability.15

The literature regarding pre-injury child and family

variables predictive of NPD in the context of mTBI is

limited to studies of consecutively hospitalized children

(i.e., samples of children who were more seriously in-

jured than the current cohort). In these studies, NPD

was associated with pre-injury lifetime psychiatric disor-

der in children with mild to moderate TBI.2,19,20 Other

pre-injury predictors of NPD that followed mTBI in-

cluded lower socioeconomic status, psychosocial adver-

sity, adaptive function, estimated pre-injury academic

function, and estimated pre-injury reading.21-23

The major objective of this study was to clarify the oc-

currence, phenomenology, and risk factors for NPD in the

first 3 months after mTBI. The use of an OI group con-

trolled for factors that predispose children to accidents,

as well as control for the psychological trauma associated

with an injury and its treatments. Our first hypothesis was

that NPD in children will occur with significantly higher

frequency in children with mTBI versus comparable OI

controls. The second hypothesis was that frequency of

NPD in children will be predicted by child variables

(lower pre-injury child adaptive function, lower pre-injury

cognitive function, lower pre-injury academic function,

and presence of pre-injury lifetime psychiatric disorders),

and pre-injury family variables (lower socio-economic sta-

tus, lower pre-injury family function, more intense family

psychiatric history) in children with mTBI and OI.

Methods
The study was approved by institutional review boards

at all participating institutions. Written informed consent

was obtained from parents, and youth provided written

consent or assent depending on their age. The study used

a prospective longitudinal design. We enrolled 220 chil-

dren aged 8-15 years consecutively seen at an emergency

department (ED) for mTBI and 110 children with mild

orthopedic injury (OI) from consecutively treated pa-

tients seen at the same ED matched at the group-level

by age and sex.

To ensure that children with ‘‘a bump on the head’’ but

with no brain trauma were excluded, the mTBI group in-

cluded children only if they suffered a closed-head injury

that resulted in an observed loss of consciousness, a Glas-

gow Coma Scale (GCS)24 score of 13 or 14, or at least

two symptoms of concussion as noted by the ED medi-

cal staff (i.e., persistent post-traumatic amnesia, tran-

sient neurological deficits, vomiting, nausea, headache,

diplopia, dizziness). Hospitalization did not automatically

exclude participation. However, children with delayed neu-

rological deterioration (e.g., GCS <13) were excluded. Chil-

dren were excluded if their loss of consciousness was

greater than 30 min or had a GCS score of less than 13.

The GCS was obtained from a review of the electronic

medical record.

Other exclusion criteria for the mTBI group included

the following: 1) associated injury that is severe docu-

mented with the Abbreviated Injury Scale (AIS)25 score

greater than 3; 2) associated injury that is likely to inter-

fere with cognitive testing (e.g., injury to dominant upper

limb); 3) hypoxia, hypotension, or shock associated with

the injury; 4) alcohol, drug ingestion, or child abuse in-

volved with the injury; 5) documented history of previous

TBI meeting the above criteria for at least mTBI; 6) pre-

injury neurological disorder, schizophrenia, autism spec-

trum disorder, or intellectual deficiency; 7) any medical

contraindication to magnetic resonance imaging; 8) any

injury requiring neurosurgical intervention; or 9) illegal

immigrant status.

Inclusion criteria for children with OI were the pres-

ence of upper or lower limb fractures associated with

AIS scores of 3 or less. Exclusion criteria included: 1) in-

jury to the head or TBI; and 2) exclusion criteria 1-9

listed for the mTBI group.

The children’s pre-injury function was assessed at base-

line (mean = 17.7 – standard deviation [SD] = 5.8 days)

and post-injury outcome was assessed at 3 months (mean =
103.1 days – SD = 16.9) post-injury.

Assessment of pre-injury child function

Lifetime pre-injury psychiatric status. Lifetime pre-

injury psychiatric disorder was measured with the Sched-

ule for Affective Disorders and Schizophrenia for School

Aged Children: Present and Lifetime Version (K-SADS-

PL) interview.26 The KSADS-PL has high inter-rater

reliability and validity.26 The Neuropsychiatric Rating

Schedule (NPRS)27 interview was administered to detect
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the Diagnostic and Statistical Manual of Mental Disor-

ders, 4th Edition (DSM-IV) diagnosis, Personality change

due to TBI.28 The NPRS reliably and validly identifies

symptoms and subtypes of personality change due to TBI.6

The Teacher’s Report Form (TRF)29 was used to aid

the psychiatric interviewer to reach a ‘‘best-estimate’’ di-

agnosis.30 The interviewers discussed their diagnostic

impressions by presenting every case to the first author,

a board-certified child and adolescent psychiatrist, who

was blind to group affiliation.

Pre-injury adaptive behavior function. The adaptive

behavior composite was assessed using the Vineland

Adaptive Behavior Scales (Vineland II) interview with

the parent.31

Pre-injury intellectual and academic function. The

Wechsler Abbreviated Scale of Intelligence (WASI-

II)32 Vocabulary and Matrix Reasoning subtests were ad-

ministered at baseline to obtain an estimate of pre-injury

Full Scale IQ standard score. The Wide Range Achieve-

ment Test-Fourth Edition (WRAT-4)33 which assesses

sentence comprehension, word recognition, spelling,

and calculation skills, was administered at baseline.

Standard scores of sentence comprehension and calcula-

tion skills were used in the analyses. Previous research

has indicated that these measures of ‘‘crystalized ability’’

are relatively insensitive to the effects of mTBI when

measured shortly after the injury.16,34

Assessment of pre-injury family status

Family function. The McMaster Structured Interview

of Family Functioning (McSIFF)35 was conducted by

trained research assistants with family household mem-

bers at baseline to retrospectively assess pre-injury fam-

ily function. The interview is a tool used to derive scores

on a rating scale termed the Clinical Rating Scale

(CRS).35 Using the McSIFF, pre-injury family function

is a consistent predictor of novel psychiatric disorder

after TBI.2 The global CRS score has been shown to be

a valid and reliable method of family assessment.35,36

The General Functioning Scale of the McMaster Family

Assessment Device (FAD),37 which was completed by

the primary caretaker of the injured child at baseline, is

a reliable and valid 12-item rating scale that provides

an overall measure of pre-injury family functioning38

that was used in the analyses

Family psychiatric history. The Family History

Research Diagnostic Criteria39 modified to DSM-IV

Text Revision criteria is a semi-structured interview

with the parent that screens for specific psychiatric diag-

noses in first-degree family members. The analyses used

the overall family psychiatric history ratings, which are

summarized on a 4-point scale: 0 = no psychiatric disor-

der; 1 = at least one family member met criteria for a psy-

chiatric disorder but no treatment was received; 2 = a

family member met criteria for a psychiatric disorder

and received outpatient treatment or was arrested for an-

tisocial behavior; 3 = a family member met criteria for a

psychiatric disorder and had inpatient psychiatric treat-

ment or was incarcerated.2 Participants were categorized

as having either low (scores of 0-1) or high (scores of 2-3)

intensity family psychiatric history for the analyses

Socioeconomic status. Socioeconomic status (SES),

expressed as a z-score, was assessed using a composite

of maternal education and median income for the census

tract of the family’s residence. The composite was calcu-

lated by averaging the sample z-scores of the two vari-

ables. This composite score functions well as a measure

of SES in TBI studies.40

Assessment of injury severity
The Injury Severity Score (ISS) from the Abbreviated

Injury Scale (AIS) was recorded from electronic medical

record data.25 The ISS is the sum of the squares of the

highest AIS code in each of the three most severely in-

jured ISS body regions.

Post-injury psychiatric outcome
The K-SADS-PL, NPRS, and TRF were repeated at 3

months. The interviewer generated ‘‘best-estimate’’ clin-

ically significant psychiatric diagnoses by integrating the

information from these instruments.30 As in previous

work,2,5 an NPD diagnosis was given in two circum-

stances: First, this could occur in a participant with no

pre-injury lifetime psychiatric disorder who then devel-

ops a psychiatric disorder. Second, this could occur in a

participant with a pre-injury lifetime psychiatric disorder

who develops a different psychiatric disorder (e.g., a par-

ticipant with a pre-injury lifetime history of major de-

pression who develops attention-deficit/hyperactivity

disorder [ADHD] following the injury would receive

the classification but would not if only a new episode

of major depression occurred). Duration criteria for psy-

chiatric disorders except for major depression and bipolar

disorder were waived to examine the phenomenology of

emerging post-injury disorders. Similarly, as in our previ-

ous work, the age of onset criterion for ADHD was

waived to study the phenomenology of this particular

NPD.2

The interviewers made every attempt to remain blind

to group membership (mTBI vs. OI control), although

at baseline, this was often impossible because of physical

stigmata of TBI and OI. However, the baseline psychiat-

ric assessment deals only with pre-injury psychiatric sta-

tus and was not the outcome of interest. Therefore, the
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study design insured that the interviewer who conducted

the baseline assessment for a particular participant did

not conduct post-injury psychiatric assessments for that

individual. This left the psychiatric interviewer who con-

ducted the 3-month blind to injury group. The interview-

ers presented every case to the first author who was blind

to group affiliation.

Inter-rater reliability for psychiatric diagnoses was

conducted based on 12 video-recorded interviews (Sup-

plementary Material). All research participants and

their guardians were asked to consent for video recording

of the psychiatric interview process. The ‘‘best-estimate’’

current and past ratings involved integration by the clini-

cian of the parent’s and child’s video-recorded interview,

teacher’s input when available, and clinical judgment of

the parent’s and child’s reliability and mental status.

Agreement with respect to psychiatric diagnosis was per-

fect in 10/12 (83%) cases encompassing agreement for all

specific current as well as past diagnoses or absence of a

diagnosis in a participant. We conducted a Kappa analy-

sis of inter-rater reliability for these categorical diag-

noses. There was agreement between raters in 26/29

specific diagnostic data points and disagreement in 3/29

yielding a Kappa = 0.80 indicating substantial agreement.

Statistical analysis
The eligible patients with mTBI who presented to the ED

but who did not enroll in the study (n = 741) were com-

pared with the patients with mTBI who did enroll

(n = 220) with respect to sex using Pearson’s chi-square

test, and with respect to age and GCS score using inde-

pendent sample t-tests. Fisher’s exact test was used in-

stead of Pearson’s test when the expected counts were

£5 in any of the crosstabulation cells. Similarly, we

used Pearson’s or Fisher’s test for categorical variables

and independent sample t-test for continuous variables

in comparisons of the enrolled mTBI versus OI groups,

the participating mTBI versus OI groups at 3 months,

and also the entire participating cohort at 3 months versus

the enrolled but non-participating cohort at 3 months with

respect to age, sex, SES, race (White vs. Minority), eth-

nicity, pre-injury lifetime psychiatric disorder, pre-injury

current disorder, pre-injury adaptive function, family

psychiatric history, pre-injury family function, IQ, sen-

tence comprehension, calculation skills, Injury Severity

Score, cause of injury, and sports-related injury status.

To determine the effect of mTBI on NPD in the first 3

months post-injury (hypothesis 1), the NPD count (total

number of diagnoses) for each child was recorded at

the 3-month visit and was compared between the mTBI

and OI groups using a Poisson log-linear regression

model. The potential confounders included demograph-

ics: age, sex, race; pre-injury child function: lifetime

pre-injury psychiatric disorder, Vineland Adaptive

Behavior composite, WASI-II Full Scale IQ, WRAT-4

Sentence Comprehension and Calculation Skills; pre-

injury family status: SES, family psychiatric history,

family function (CRS and FAD); and injury status (Injury

Severity Score). Among these potential confounders,

those which were significant at p < 0.15 in single-

predictor Poisson regression models were included in

the starting multi-predictor Poisson regression and sub-

ject to backward model selection with a p < 0.15 thresh-

old (adjusted analysis). The statistical tests and 95%

confidence intervals (CI95) were based on the likelihood

ratio test. Backward model selection with a lax threshold

of 0.15-0.20 is recommended in regression models for de-

termining causal effects in the presence of confound-

ing.41 An overdispersion check was based on the ratio

of the residual deviance to the residual degrees of free-

dom, which was £2 in all cases (no overdispersion).

The effects of predictors are reported in terms of mean

ratio of NPD counts between any two groups under com-

parison, adjusted for the other predictors in the model.

To determine a multi-predictor model for the NPD

count at 3 months (hypothesis 2), we similarly fit a

multi-predictor Poisson model, where predictors with

p < 0.15 in single-predictor analyses were included in

the starting model and the model was reduced using back-

ward model selection with p < 0.15 threshold. This is sim-

ilar to the analysis determining the effect of mTBI, except

that here mTBI exposure was also subject to model selec-

tion.41

Results
Representativeness of enrolled
mTBI participants
The enrolled cohort of children with mTBI (n = 220) was

compared with the children with mTBI who did not enroll

(n = 741; Fig. 1). The mean (SD) age of the enrolled

group (12.3 – 2.1 years) was significantly older than the

non-enrolled group (11.7 – 2.2 years; p = 0.0001). The en-

rolled mTBI and non-enrolled mTBI groups were not sig-

nificantly different with respect to sex (145/220; 66.0%

vs. 521/741; 70.3% males respectively; p = 0.21), nor

with respect to injury severity measured by GCS scores

(14.95 – 0.21 vs. 14.97 – 0.20 respectively; p = 0.44).

The research design was to recruit an OI control group

matched to the enrolled mTBI on age and sex, and not

necessarily to be representative of the consecutive series

of children with OI seen in the ED.

Baseline characteristics
Table 1 shows that our efforts to match the OI group

(n = 110) as a whole to the mTBI group (n = 220) by

age and sex were successful. Further, there were no sig-

nificant group differences in pre-injury child variables

(ethnicity, adaptive function, lifetime and current psychi-

atric disorder, IQ, academic function) and pre-injury
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family variables (socioeconomic status, family psychiat-

ric history, family function). Compared with the OI

group, the mTBI group had a significantly lower percent-

age of White (65.0% vs. 79.1%) versus Minority (35.0%

vs. 20.9%) race enrolled participants (Pearson’s chi-

squared test p = 0.011). The Injury Severity Score was

significantly higher in the enrolled OI group versus the

enrolled mTBI group (3.98 – 1.00 vs. 2.70 – 2.46 respec-

tively; df = 328; p = 0.000). There was a significant differ-

ence in the cause of injury between the mTBI and OI

enrolled groups (Fisher’s exact test p = 0.000). Inspection

of the data revealed that this was driven by falls account-

ing for 85% of OI cases versus 55% of mTBI cases, and

more mTBI cases were injured by accidentally striking or

being struck by an object, accidentally striking or being

struck by a person, and having a transportation-related in-

jury. The left half of Table 2 shows that the rates of spe-

cific pre-injury lifetime psychiatric disorders in the mTBI

and OI groups were very similar. The rates of all the dis-

orders are within the ranges of pediatric epidemiological

Records identified from
Emergency Department (n 
=961)

Potential participants screened 
by attempted telephone call 
review
(n = 961)

Potential participants excluded:
3 Call attempts or did not answer (n = 256)

Potential participants reached by 
telephone
(n = 705)

Potential participants refused to provide 
eligibility data:
(n = 160)

Potential participants providing 
eligibility data
(n = 545)

Potential participants excluded:
Met Exclusion Criterion (n = 79)
Refused (n = 246)

Participants
(n = 220)

Id
en
tif
ic
at
io
n

Sc
re
en
in
g

In
cl
ud
ed

FIG. 1. Identification of children with mild traumatic brain injury. Color image is available online.
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studies except for a higher rate of ADHD. This exception

is typical of populations of injured children.42 Teachers’

input by means of the TRF was available for only 116/

330 (35.2%) participants for reaching ‘‘best-estimate’’

psychiatric diagnoses at baseline.

Follow-up characteristics
The 3-month follow up analyses were based on 189/220

(85.9%) of the enrolled participants with mTBI and 94/

110 (85.5%) of the enrolled participants with OI. The

right two columns of Table 1 show a significant differ-

ence in the 3-month follow up cohort with regard to a

higher pre-injury Adaptive Behavior Composite score

in the mTBI versus OI group (108.2 – 13.0 vs. 104.4 –
12.5; df = 281; p = 0.019). The Injury Severity Score

was significantly higher in the OI group versus the

mTBI group in the participants at the 3-month assessment

(3.93 – 0.94 versus 2.62 – 2.42 respectively df = 281;

p = 0.000). There was a significant difference in cause

of injury between the mTBI and OI groups participating

at 3 months (Fisher’s exact test p = 0.000). Inspection of

the data revealed that this was driven by the falls account-

ing for 87% of OI cases versus 56% of mTBI cases, and

more mTBI cases were injured by accidentally striking or

being struck by an object, accidentally striking or being

struck by a person, and having a transportation-related

Table 1. Baseline Demographics, Psychiatric, Adaptive, Family, Intellectual, Academic Status, Injury Severity,
and Cause of Injury

Enrolled participants 3-Month follow-up participants

Mild TBI (n = 220)
Orthopedic injury

(n = 110) Mild TBI (n = 189)
Orthopedic injury

(n = 94)

Age 12.3 (2.1) 12.2 (1.9) 12.2 (2.15) 12.2 (1.89)
Males (n; %) 145 (65.9%) 79 (71.8%) 123 (65.1%) 70 (74.5%)
Socioeconomic status 0.063 (0.903) -0.127 (1.164) 0.062 (0.908) -0.151 (1.21)
Race (n; %)

White 143 (65.0%)+ 87 (79.1%)+ 126 (66.7%) 73 (77.7%)

Minority 77 (35.0%)+ 23 (20.9%)+ 63 (33.3%) 21 (22.3%)
Minority Composition

African-American 8 (3.6%) 6 (5.5%) 8 (4.2%) 6 (6.4%)
Native American 3 (1.4%) 0 (0%) 1 (0.5%) 0 (0%)
Asian 3 (1.4%) 3 (2.7%) 3 (1.6%) 2 (2.1%)
Native Hawaiian or other Pacific Islander 1 (0.5%) 1 (0.9%) 1 (0.5%) 1 (1.1%)
More than 1 race 49 (22.3%) 7 (6.4%) 39 (20.6%) 6 (6.4%)
Other 13 (5.9%) 6 (5.5%) 11 (5.8%) 6 (6.4%)

Ethnicity
Hispanic/Latino 121 (55.0%) 63 (57.3%) 100 (52.9%) 57 (60.6%)
Not Hispanic/Latino 99 (45.0%) 47 (42.7%) 89 (47.1%) 37 (39.4%)

Pre-injury lifetime psychiatric disorder (n; %) 73 (33.2%) 36 (32.7%) 66 (34.9%) 31 (33.0%)
Pre-injury current psychiatric disorder (n; %) 57 (25.9%) 30 (27.3%) 50 (26.5%) 25 (26.6%)
Pre-injury Vineland Adaptive Behavior Composite 107.5 (13.0) 104.8 (12.7) 108.2 (13.0)* 104.4 (12.5)*
Family Psychiatric History 1.15 (1.20) n = 218 1.01 (1.19) n = 109 1.15 (1.20) n = 187 0.98 (1.18) n = 93
McMaster Structured Interview of Family Function 4.95 (1.16) n = 174 4.80 (1.16) n = 95 4.95 (1.17) n = 165 4.82 (1.18) n = 90
Family Assessment Device (primary caretaker’s report) 1.63 (0.41) n = 217 1.68 (0.47) n = 109 1.62 (0.40) n = 187 1.69 (0.48) n = 93
WASI-II Full-Scale IQ 102.4 (14.7) n = 219 101.0 (12.5) n = 109 103.6 (14.8) n = 188 101.6 (12.8) n = 93
WRAT-4 Sentence Comprehension 106.1 (16.7) 106.2 (16.4) n = 109 106.7 (17.1) 106.2 (17.2) n = 93
WRAT-4 Calculation Skills 107.6 (15.9) 107.1 (14.0) n = 109 107.8 (16.5) 106.3 (14.4) n = 93
Injury Severity Score 2.70 (2.46)++ 3.98 (1.00)++ 2.62 (2.42)+++ 3.93 (0.94)+++

Cause of Injury (n; %)
Fall 120 (54.5%) 93 (84.5%) 105 (55.6%) 82 (87.2%)
Struck (object) 45 (20.5%) 6 (5.5%) 39 (20.6%) 4 (4.3%)
Struck (person) 41 (18.6%) 9 (8.2%) 33 (17.5%) 6 (6.4%)
Transportation accident 12 (5.5%) 0 10 (5.3%) 0
Other 2 (.9%) 2 (1.8%) 2 (1.1%) 2 (2.1%)

Sports-related 132 (60.0%) 68 (61.8%) 110 (58.2%) 57 (60.6%)

Values are expressed as means – standard deviation unless otherwise specified.
Of all the group comparisons (mild TBI vs. orthopedic injury) of enrolled participants and those attending the 3-month assessment, only three were

significant ( p < 0.05).
+The distribution of race was significantly different in the mild TBI versus the OI group with regard to enrolled participants (Fisher’s exact test

p = 0.011).
*There was a significant group difference (mild TBI vs. orthopedic injury) in pre-injury adaptive function in participants at the 3-month assessment

(df = 281; p = 0.019).
++The Injury Severity Score was significantly higher in the enrolled OI group versus the enrolled mTBI group (df = 328; p = 0.000).
+++The ISS was significantly higher in the orthopedic injury group versus the mild TBI group in the participants at the 3-month assessment (df = 281;

p = 0.000).
TBI, traumatic brain injury; ns, not significant; WASI-II, Wechsler Abbreviated Scale of Intelligence Second Edition; WRAT-4, Wide Range Achieve-

ment Test-4th Edition.
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injury. When we compared the participants (n = 283) ver-

sus non-participants (n = 47) at the 3-month follow up,

we found no differences in any of the variables (demo-

graphic, psychiatric, adaptive, family, academic, injury

severity, and cause of injury) listed in Table 1, except

that the participants had a significantly higher IQ than

non-participants (103.0 – 14.2; n = 281 vs. 95.8 – 11.0;

n = 47; p < 0.0005).

Post-injury recurrence of pre-injury
psychiatric disorders
Post-injury recurrences of previously resolved pre-injury

psychiatric disorders were noted in four participants, all

of whom had mTBI, all of whom evidenced a single

recurring disorder, and none of whom exhibited an

accompanying novel psychiatric disorder. These events

included recurrence of previously resolved ADHD, recur-

rence of an adjustment disorder (previously unspecified

and currently depressed), recurrence of a specific phobia

of needles, and recurrence of ‘‘other specified disrup-

tive impulse control and conduct disorder’’ which was al-

ready in partial remission. A fifth participant with mTBI,

also with no novel psychiatric disorder, had accrual of

sufficient additional anxiety symptoms to shift category

from ‘‘other specified anxiety disorder’’ to generalized

anxiety disorder.

Novel psychiatric disorders
NPD during the 3-month post-injury follow up developed

in 18 children with mTBI, including four children with

mTBI who had two NPDs and 14 children with mTBI

who developed one NPD. NPD occurred in three of the

children with OI and each of these children had a single

NPD. The specific NPDs and categories of NPD are

shown in Table 2. Within the mTBI group, the NPDs

were ADHD (n = 7); adjustment disorder (n = 4); anxiety

disorder (n = 4) that included generalized anxiety dis-

order, specific phobia, separation anxiety disorder, and

other specified anxiety disorder; oppositional defiant dis-

order (n = 3); personality change due to a general medical

condition (n = 3); and a tic disorder (n = 1). The NPDs

in the OI group consisted of oppositional defiant disorder,

adjustment disorder, and specific phobia. Teachers’ input

by means of the TRF was available for only 100/283

(35.3%) participants for guiding ‘‘best-estimate’’ psychi-

atric diagnoses at the 3-month assessment.

Effect of mTBI on novel psychiatric disorders
In unadjusted analyses, the mTBI group was associated

with a higher frequency of NPD than the OI group at 3

months [mean ratio (MR) 3.647, 95% confidence interval

CI95 (1.264, 15.405), p = 0.014]. After adjustment for

confounders (SES, pre-injury lifetime psychiatric

Table 2. Specific Lifetime Pre-injury Psychiatric Disorders and Specific Novel Psychiatric Disorders
in the First 3-Months Post-injury

Pre-injury lifetime psychiatric disorders
Novel psychiatric disorders in the first

3 post-injury months

Mild TBI (n = 220)
Orthopedic

injury (n = 110) Mild TBI (n = 189)
Orthopedic

injury (n = 94)

ADHD 40 (18.2%) 16 (14.6%) 7/155 (4.5%) 0/81 (0%)
Oppositional defiant Disorder 5 (2.3%) 1 (0.9%) 3/178 (1.7%) 1/89 (1.1%)
Other specified disruptive, impulse-control,

and conduct disorder (OSDI-CCD)
7 (3.2%) 5 (4.6%) 0/178 (0%) 0/89 (0%)

Externalizing disorder (ADHD/ODD/OSDI-CCD) 44 (20.0%) 19 (17.3%) 9/185 (4.9%) 1/93 (1.1%)
Adjustment disorder 6 (2.7%) 5 (4.6%) 4/183 (2.2%) 1/89 (1.1%)
GAD 2 (0.9%) 0 (0%) 1/187 (0.5%) 0/94 (0%)
Specific phobia 12 (5.5%) 5 (4.6%) 1/178 (0.6%) 1/92 (1.1%)
Separation anxiety Disorder 3 (1.4%) 4 (3.6%) 1/186 (0.5%) 0/91 (0%)
Agoraphobia 1 (0.5%) 0 (0%) 0/188 (0%) 0/94 (0%)
Social phobia 1 (0.5%) 0 (0%) 0/188 (0%) 0/94 (0%)
Other specified anxiety disorder 6 (2.7%) 5 (4.6%) 1/183 (0.6%) 0/88 (0%)
Post-traumatic stress disorder (PTSD) 3 (1.4%) 0 (0%) 0/186 (0%) 0/94 (0%)
Any anxiety Disorder/PTSD 26 (11.8%) 14 (12.7%) 4/189 (2.1%) 1/94 (1.1%)
Major Depression/other depressive disorder 5 (2.3%) 2 (1.8%) 0/184 (0%) 0/92 (0%)
Internalizing disorder (depressive/anxiety disorder/PTSD) 28 (12.7%) 15 (13.6%) 4/189 (2.1%) 1/94 (1.1%)
Personality change due to a general medical condition 0 (0%) 0 (0%) 3/189 (1.6%) 0 (0%)
Tic disorder 9 (4.1%) 5 (4.6%) 1/181 (0.6%) 0/89 (0%)
Encopresis 1 (0.5%) 3 (2.7%) 0/188 (0%) 0/91 (0%)

Bolded numbers indicate details of the specific novel psychiatric disorders that developed in each group.
There were no cases of the following pre-injury or novel psychiatric disorders: panic disorder, obsessive-compulsive disorder, cyclothymia, bipolar dis-

order, alcohol use disorder, and drug use disorder.
Denominators vary for novel psychiatric disorders in the first 3 months due to the ineligibility of certain individuals for a particular novel psychiatric

disorder if they already manifested that disorder before the injury.
TBI, traumatic brain injury; ADHD, attention-deficit/hyperactivity disorder; GAD, generalized anxiety disorder.
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disorder, and family psychiatric history, family function),

the effect of mTBI was similar [MR = 3.724, CI95 (1.264,

15.945), p = 0.015; Table 3].

Predictors of mTBI on novel
psychiatric disorders
In single-predictor analyses, the following factors were

significantly associated with higher NPD counts at 3

months: mTBI versus OI (see above), pre-injury lifetime

psychiatric disorder [MR = 2.876, CI95 (1.306, 6.614),

p = 0.009], high versus low family psychiatric history

[MR = 2.833, CI95 (1.260, 6.944), p = 0.011], and worse

family function [MR = 0.683 per unit on the McSIFF

CRS, CI95 (0.498, 0.950), p = 0.024]. Worse socio-economic

status showed a trend-level association [MR = 0.709 per

additional unit, CI95 (0.473, 1.047), p = 0.084].

In multi-predictor analyses, the factors significantly

associated with higher NPD mean counts after adjust-

ment for each other were mTBI versus OI [MR = 3.724,

CI95 (1.264, 15.945), p = 0.015]; pre-injury lifetime

psychiatric disorder [MR = 2.284, CI95 (1.026, 5.305),

p = 0.043]; high versus low family psychiatric history

[MR = 2.748, CI95 (1.201, 6.839), p = 0.016]; and worse

socio-economic status, [MR = 0.618 per additional unit,

CI95 (0.383, 0.973), p = 0.037]. This statistical model co-

incided with the adjusted model for the effect of mTBI

(Table 3).

Discussion
There were three main findings in the study that exam-

ined the number of NPDs that occurred in the first 3

months after mTBI versus OI. Our first hypothesis was

supported in that NPD occurred at a significantly higher

mean ratio in children with mTBI versus OI before and

after adjusting for potential confounders including child

variables (lower pre-injury child adaptive function,

lower estimated pre-injury cognitive function, lower esti-

mated pre-injury academic function, and the presence of

pre-injury lifetime psychiatric disorders), and pre-injury

family variables (lower socio-economic status, lower

pre-injury family function, and more intense family

psychiatric history). The second hypothesis was also sup-

ported by the finding that NPD was significantly pre-

dicted by child variables (pre-injury lifetime psychiatric

disorders), and pre-injury family variables (lower socio-

economic status, lower family function, and more intense

family psychiatric history). Third, the most common

NPD was ADHD, which occurred in 7/155 (4.5%) of

children with NPD and in none of the 81 children with

OI evaluated 3 months post-injury.

The finding that NPD is significantly more common in

the first 3 months after mTBI versus OI (mean ratio

3.724) is consistent with behavioral studies with continu-

ous and categorical measures of PCS.18,43 The adjusted

analyses that controlled for known child and family psy-

chosocial confounders underscored that indeed it was

membership in the mTBI group that accounted for the ob-

served differences in NPD. These findings suggest that

there is at least a perturbation of brain function that is

caused by mTBI that disrupts attention and behavior,

affects mood regulation, and compromises coping with

adversity resulting in elaboration of ADHD and ODD,

anxiety disorders, and adjustment disorder respectively.

The study was the first to examine prediction of NPD

outcome by child psychosocial measures in a controlled

psychiatric interview study of mTBI. The results showing

that NPD was significantly predicted by higher pre-injury

Table 3. Predictors of Higher NPD Count, and Effect of Mild TBI on NPD Count at 3 Months:
Unadjusted and Adjusted Poisson Log-Linear Regression Analysis

Unadjusted analysis Adjusted analysis

N Mean ratio (95% CI) p Value Mean ratio (95% CI) p Value

mTBI vs. OI 283 3.647 (1.264, 15.405) 0.014 3.724 (1.264, 15.945) 0.015
Age, per year 283 1.006 (0.833, 1.222) 0.951
Female sex 283 0.834 (0.324, 1.914) 0.680
Socioeconomic Status, per unit 283 0.709 (0.473, 1.047) 0.084 0.618 (0.383, 0.973) 0.037
Race (Minority vs. White 283 0.592 (0.197, 1.462) 0.271
Pre-injury lifetime psychiatric disorder 283 2.876 (1.306, 6.614) 0.009 2.284 (1.026, 5.305) 0.043
Pre-injury Vineland Adaptive Behavior Composite, per unit 283 0.993 (0.963, 1.023) 0.647
Family Psychiatric History, high vs. low 280 2.833 (1.260, 6.944) 0.011 2.748 (1.201, 6.839) 0.016
McMaster Structured Interview of Family Function Clinical

Rating Scale (McSIFF CRS), per unit
255 0.683 (0.498, 0.950) 0.024

Family Assessment Device (mother; FAD), per unit 280 0.935 (0.358, 2.277) 0.886
WASI-II Full-Scale IQ, per unit 281 0.982 (0.955, 1.010) 0.161
WRAT-4 Sentence Comprehension 282 0.989 (0.966, 1.012) 0.331
WRAT-4 Calculation Skills 282 0.996 (0.972, 1.021) 0.733
Injury Severity Score 283 0.901 (0.717, 1.093) 0.311

Bolded numbers represent variables with p < 0.15 values in single-predictor analyses, which were included in the starting model for multi-predictor analyses.
The results are reported as mean ratios and 95% confidence intervals, based on the likelihood ratio test.
NPD, novel psychiatric disorder; TBI, traumatic brain injury; CI, confidence interval; mTBI, mild traumatic brain injury; OI, orthopedic injury; WASI-

II, Wechsler Abbreviated Scale of Intelligence Second Edition; WRAT-4, Wide Range Achievement Test-4th Edition.
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psychiatric disorder is consistent with findings from both

short-term (3-24 months)2 and even long-term (24-year

follow up)44 prospective longitudinal uncontrolled psy-

chiatric studies. This risk is noted even in the absence

of mTBI and is a robust finding in natural history studies

of childhood psychopathology.45 The results did not sup-

port lower presumed pre-injury intellectual function

and academic function as risk factors for NPD. This find-

ing diverges from those of a psychiatric study of consec-

utively hospitalized children with mTBI which found

lower processing speed, lower IQ, and lower measures

of expressive language function significantly related to

NPD in the first 6 months post-injury.23 It is most likely

that these discrepant findings are related to mTBI sample

differences with regard to severity of injury—specifically

children consecutively treated primarily in the ED versus

those consecutively hospitalized. This suggests that in the

context of the milder forms of mTBI, pre-injury psychi-

atric disturbance is a more important risk factor for

post-injury psychiatric domain-convergent disturbance

(NPD) than are pre-injury neurocognitive domain-divergent

variables.

This study is also the first to examine prediction of

NPD outcome with family psychosocial measures in a

controlled psychiatric interview study of mTBI. The find-

ings are similar to those of studies examining PCS out-

comes.46 In univariable analyses, lower socio-economic

status, lower family function, and more intense family

psychiatric history were significantly related to NPD.

The adjusted analyses found that lower socio-economic

status, and more intense family psychiatric history in

first-degree relatives, in addition to child variables (mTBI

group and higher pre-injury lifetime psychiatric disorder)

independently significantly predicted NPD. These findings

underscore the point that both distal (lower socio-economic

status) and proximal (more intense family psychiatric

history) family variables, along with child variables,

are informative in understanding NPD after mTBI.

The mechanisms by which these independent distal and

proximal family measures operate are likely different.

Children raised in lower versus higher socio-economic

environments generally have less access to equivalent ed-

ucation, medical care, and recreational opportunities, and

have higher rates of psychiatric disorder even in general

population samples.47 The potential mechanism of more

intense family psychiatric history in first-degree relatives

may relate to both adverse environmental and genetic

influences on the development of NPD.48,49 The environ-

mental influence of family psychiatric illness may decrease

the extent that the child’s developmental needs are met by

preoccupied and ill parents in particular. That family func-

tion was a significant variable predicting NPD in univari-

able analyses, but not in the adjusted analyses suggested

that proximal family environment factors were relatively

less critical in outcome in this sample of mTBI.

The study has several limitations. First, novel psychi-

atric disorders are relatively uncommon after mTBI and

even more uncommon after OI in the first 3 months

post-injury. Even though the sample was relatively large,

an even larger sample may be useful to study this low fre-

quency outcome in general and specific NPDs in particu-

lar. Second, the enrolled mTBI group had a significantly

higher minority race representation compared with the OI

group, yet this was not reflected in SES differences. How-

ever, the difference in the mTBI versus OI racial composi-

tion of the 3-month cohort, upon which our findings depend,

was not statistically significant. Further, NPD was not sig-

nificantly related to race. Third, attrition from baseline

to 3 months was approximately 14%, and the group lost

to follow up had a significantly lower baseline IQ. How-

ever, those who did not follow up were not significantly

different in every other pre-injury variable measured in-

cluding age, sex, SES, race, ethnicity, pre-injury psychiatric

disorder, pre-injury adaptive function, family psychiatric

history, family function, and academic function.

Fourth, we were successful in getting teachers’ behav-

ioral questionnaire reports in only approximately 35% of

the participants. Fifth, the enrolled sample of children

with mTBI was significantly older than the non-enrolled

group. However, this difference was only 0.6 years and is

unlikely to be clinically significant and age was not a sig-

nificant predictor of NPD outcome. Sixth, there is an

implicit risk of a ‘‘good old days bias’’ when pre-injury

functioning is assessed retrospectively after the injury.

This risk was mitigated by the proximity of the initial as-

sessment to the injury (mean = 17.7 – SD = 5.8 days). The

finding in this study and other similarly designed studies

that presence rather than absence of pre-injury lifetime

psychiatric disorder predicts higher frequency of NPD

suggests that this bias is small.2,3,19,20

Seventh, although diagnoses were made only in the

context of significant impairment, the findings may none-

theless reflect transient psychiatric disturbance which

may or may not develop into full-blown psychiatric dis-

orders. This is a particularly important consideration

given the overlap in symptomatology between symptoms

commonly experienced after mTBI, which are expected

to resolve in most cases, and psychiatric diagnoses that

are lifelong and may require pharmacological interven-

tion (e.g., ADHD). If in fact, novel disorders such as

ADHD persist, there may be important implications in

understanding the effect of mTBI on neurodevelopment.

Such insights may be especially relevant given earlier re-

search on a sample of more seriously injured children,

i.e., consecutively hospitalized children with mild to se-

vere TBI, that found neurocognitive profile differences

in children diagnosed with new-onset ADHD versus de-

velopmental (pre-injury) ADHD.50

There were several notable strengths of the study. This

was the first prospective controlled psychiatric interview
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study of a consecutive sample of children treated in the

ED for mTBI. The sample size was relatively large and

the injured control group matched the mTBI cohort

very well, by design, with regard to age and sex. Further,

the groups were not significantly different with respect to

most of the predictive variables, including SES, pre-

injury psychiatric diagnosis, family psychiatric history,

pre-injury family function, IQ, and academic function.

The study’s primary outcomes—NPD counts—were gen-

erated from psychiatric assessments at 3 months post-

injury conducted by interviewers who were blind to

group affiliation. The diagnoses were made only in the

context of significant impairment. There was excellent

inter-rater reliability for psychiatric diagnoses with a sec-

ond rater who was blind to group affiliation. The assess-

ment tools were clinically relevant and included

interviewer-rated, and not merely self-reported, data on

psychiatric status, family psychiatric history, and a family

assessment interview. The gold-standard interviewer’s

‘‘best-estimate’’ psychiatric assessments relied on multiple

informants including the primary care taker, the child,

teacher (in 35% of cases), and mental status assessed by

the interviewer. All assessments were reviewed by the

first author, who is a board-certified child and adolescent

psychiatrist and who was blind to group affiliation.

There were several clinical implications of the find-

ings. First, a small but important minority of children

treated primarily in the ED for mTBI or for OI present

with NPDs in the first 3 months after injury. Second,

the injured children who were more likely to develop

NPDs were those with mTBI, pre-injury lifetime psychi-

atric disorder, lower SES, and more intense family psy-

chiatric history. Third, the gathering of corresponding

clinical data in the ED could identify children at highest

risk for post-injury psychiatric sequelae and potentially

lead to early intervention. Fourth, a public health debate

should focus on the generation of a best-practice protocol

whereby ED administrative personnel routinely seek the

guardian’s permission to share injury information with

the child’s primary care physician and school teacher or

counselor who should be provided with continuing edu-

cation regarding identification and surveillance of their

patients/students who are at highest risk for psychiatric

complications. Research participation by teachers could

be enhanced through educational outreach efforts aimed

at school students and faculty within catchment-area

school districts.

In conclusion, children who suffered mTBI were sig-

nificantly more likely than children who incurred extra-

cranial injuries to exhibit more NPDs within the first 3

months post-injury. This finding was independent of

child variables (pre-injury psychiatric disorder) and fam-

ily variables (lower SES, higher family psychiatric histo-

ry), which also significantly predicted adverse psychiatric

outcomes.
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