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Abstract

OBJECTIVES: Recent studies document an association between mild traumatic brain injuries 

(mTBIs) in children and postinjury psychiatric disorders. However. these studies were subject to 

limitations in the design, lack of long-term follow-up, and poorly defined psychiatric outcomes. 

This study determines the incidence and relative risk of postinjury new affective and behavior 

disorders 4 years after mTBIs.

METHODS: A cohort study of mTBI cases and matched comparisons within an integrated health 

care system. The mTBI group included patients ≤17 years of age, diagnosed with mTBI from 

2000 to 2014 (N = 18 917). Comparisons included 2 unexposed patients (N = 37 834) per each 

mTBI-exposed patient, randomly selected and matched for age, sex, race/ethnicity, and date of 

medical visit (reference date to mTBI injury). Outcomes included a diagnosis of affective or 

behavioral disorders in the 4 years after mTBI or the reference date.

RESULTS: Adjusted risks for affective disorders were significantly higher across the first 3 years 

after injury for the mTBI group, especially during the second year, with a 34% increase in risk. 
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Adjusted risks for behavioral disorders were significant at years 2 and 4, with up to a 37% increase 

in risk. The age group with the highest risk for postinjury affective and behavioral disorders was 

10- to 13-year-old patients.

CONCLUSIONS: Sustaining an mTBI significantly increased the risks of having a new affective 

or behavioral disorder up to 4 years after injury. Initial and ongoing screening for affective and 

behavior disorders following an mTBI can identify persistent conditions that may pose barriers to 

recovery.

INTRODUCTION

Traumatic brain injury (TBI) in children has been associated with an increased risk 

of developing psychiatric disorders.1–7 Although most studies examined children with 

moderate to severe TBI, recent reports indicate increased risk of psychiatric symptoms after 

mild TBI (mTBI).3,4,6–9 These symptoms may persist up to 3 years after injury,3,4,8,9 and 

are more likely to occur in children with a history of a behavior problem or psychiatric 

disorder.3,4,8,9

Psychiatric effects of mTBI can include affective and behavior disorders. Affective disorders 

include depression, anxiety, posttraumatic stress disorder, acute stress, and adjustment 

disorders.8 Behavioral disorders include conduct disorder, oppositional defiant disorder 

(ODD), and attention deficit hyperactivity disorder (ADHD).6,9–11 The literature on 

behavioral diagnoses of non-ADHD after mTBI is limited, inconsistent, and the findings 

are not clinically significant. Although 1 study reported that children younger than age 10 

years at the time of injury were more likely to have behavioral problems 1 year after mTBI,6 

another study on conduct disorders 6 and 12 months after mild, moderate, and severe TBI 

found no conduct disorders at either point of follow-up.10,11 Although ADHD has been 

associated with TBI in children, this relationship is complex, lacks strong evidence for 

causality, and is complicated by those children diagnosed with ADHD preinjury as well as 

family and environmental circumstances.12,13 Although only 1 study reported that TBI was 

associated with an ADHD diagnosis 5 to 10 years after injury in young children,14 another 

found no significant risk for developing ADHD after mTBI.15

The incidence and impact of affective and behavior disorders in the pediatric mTBI 

population within an integrated health care system is unclear. Given that mTBI represents 

at least 75% of all TBIs annually, there is a high likelihood that the incidence of 

a cooccurring mental health condition is significant.16 We conducted a longitudinal 

cohort study comparing psychiatric outcomes (affective disorders [depressive, anxiety, and 

adjustment disorders] and behavioral disorders [conduct, ODD, and ADHD]) of pediatric 

patients who acquired an mTBI to a matched cohort without brain injuries within an 

integrated health care system. We predicted that children with an mTBI would have a 

significantly higher risk of developing a new psychiatric disorder 4 years after injury 

compared with children without mTBI. This follow-up period was selected based on the 

studies reviewed previously that indicate these disorders may emerge and persist up to 3 

years after mTBI.
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METHODS

Design and Setting

This study is an observational matched cohort design using electronic health records (EHRs) 

within an integrated health care system based in Northern California. The reference dates for 

the cohort entry were January 1, 2001, through December 31, 2014, with a 1-year lookback 

period and a 4-year follow-up period. The institutional review board of the integrated health 

care system approved this study with a waiver of consent.

Participants

mTBI Group—Eligible patients were aged 17 years and younger with a primary diagnosis 

of mTBI treated in the emergency department (ED), urgent care, or any outpatient 

clinic within the integrated health care system. The diagnoses codes for mTBI using the 

International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) 

included: postconcussion syndrome, 310.2; concussion with no loss of consciousness, 850.0; 

concussion with brief loss of consciousness, 850.1; concussion with loss of consciousness of 

30 minutes or less, 850.11; and concussion unspecified, 850.9.

We used the diagnostic criteria based on the Centers for Disease Control and Prevention 

Pediatric Mild TBI Guideline workgroup.17 A TBI was considered mild if ICD-9-CM codes 

indicated brief (<30 minutes) or no loss of consciousness and no documented traumatic 

intracranial lesions. The reference date in the mTBI group was the initial mTBI diagnosis 

date. Patients were excluded if they1: were aged 18 years or older at mTBI onset2; had a 

health plan membership (health insurance coverage) for less than 9 months in any 12-month 

period from lookback through follow-up3; died anytime during 4-year follow-up; and4 had 

postconcussion syndrome paired with any ICD-9-CM diagnoses more severe than an mTBI.

Comparison Group—Eligible patients were aged 17 years and younger who had medical 

visits in the ED, urgent care, or any outpatient clinic within the integrated health care 

system and1: did not have a TBI diagnosis between 2000 and 20182; had active health plan 

membership at least 9 months during each calendar year from 2000 to 2018; and were alive 

as of 2018.3 We used Mahalanobis distance function for each patient with mTBI to identify 

2 within the comparison group who matched according to age, sex, and race/ethnicity.18,19 

Patients in the comparison group eligible for the matching were those with eligible medical 

visits in the month of the reference date (corresponding to the mTBI date in the mTBI 

group). Because a patient could have medical visits in multiple months, matching was 

completed month by month from year 2001 to year 2014 to prevent duplication. Any patient 

selected as a comparison in a particular month was removed from the comparison eligibility 

pool for subsequent months.

Variables

Exposure—The independent variable is a binary variable indicating exposure to mTBI and 

was determined based on ICD-9-CM diagnosis codes, as specified previously.
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Psychiatric Disorders—Primary outcomes were new affective and behavioral disorders 

(Table 1) diagnosed anytime during the 4-year follow-up. We used diagnoses from either 

the ICD-9-CM, the International Classification of Diseases, Tenth Revision, Clinical 

Modification, or the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 

Text Revision, and Fifth Edition,20,21 whichever were assigned to a medical visit in the EHR 

during study observation.

Demographics and Clinical History—Demographic data included age, race/ethnicity, 

sex, health plan benefit (eg, managed Medicare/Medicaid, commercial, self-pay), and low-

income residence (residential address in a census block with ≥20% households below the 

federal poverty level). For clinical baseline data, we included affective and behavioral 

disorders diagnosed during the lookback period.

Mortality Status—We determined deaths using a mortality database of deaths recorded by 

the integrated health care system and California state death records. We also reviewed health 

care utilization records to confirm the mortality status.

Bias Mitigation

To ensure the accuracy of data extraction, study investigators (R.D. and B.R.T.) conducted 

structured EHR reviews on a random sample of 2% of patients from each study group. 

Electronic data extraction was adjusted as necessary before compiling the final study 

cohort (eg, cases were excluded when the primary mTBI diagnosis was documented 

outside the integrated health care system and without internal follow-up medical visit 

within 7 days). Additionally, the integrated health care system transitioned to an electronic 

documentation system (EHR implementation) about halfway through the cohort entry. We 

adjusted all regression analyses for pre versus post EHR implementation to control for 

pre- versus postimplementation variability in the standardization of diagnoses. In terms of 

demographics, there is evidence for higher risks of injury and adverse health outcomes after 

an mTBI among non-Hispanic Black children and Hispanic children.22,23 However, these 

risks may also be a proxy for, or correlated with, socioeconomic differences. Therefore, in 

our study, we controlled for both race/ethnicity in the matching model and with income 

levels in the regression model. Finally, we documented the proportion of psychiatric 

diagnoses made by mental health professionals versus other specialties to determine if most 

were made by clinicians trained to recognize, diagnose, and manage these disorders.

Statistical Methods

Descriptive statistics (frequencies and percentages) describe the demographic and clinical 

characteristics of the cohort at baseline. χ-square tests were used to compare previous 

affective and behavioral disorders preceding mTBI or reference date. We calculated 

unadjusted incidence rates of psychiatric disorders (affective/behavioral disorders and by 

subtypes) over the 4-year follow-up and by the end of each follow-up year for each cohort 

group overall and by age groups (0–5, 6–9, 10–13, and 14–17 years). Adjusted relative 

risk estimates of psychiatric disorders comparing the mTBI group with the comparison 

group were computed using generalized linear models with logit link function for fixed-

interval, interval-censored data, controlled for age, sex, race, low-income residence, and 
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EHR implementation period. These models were repeated for each age group. Patients with 

preexisting affective and behavioral disorders were excluded from the analyses on outcomes.

All analyses were performed using SAS software version 9.4 (SAS, Cary, North Carolina) 

and conducted to test for significance at α = .05. Bonferroni error correction was used when 

multiple comparisons were conducted within each omnibus test to mitigate for inflation of 

type I error. The study outcomes had 8 multiple comparisons that may be correlated because 

of comorbid psychiatric disorders; therefore, our threshold for reporting a significant finding 

was P < .00625.

RESULTS

Cohort Characteristics

A total of 2139984 pediatric patients received care at EDs, urgent care, and outpatient clinics 

in the integrated health care system between 2001 and 2014. Figure 1 summarizes the cohort 

selection criteria for both the mTBI group and the comparison group. The final mTBI group 

consisted of 18917 patients who received their mTBI diagnosis at EDs (38%), urgent care 

(14%), and outpatient clinics (44%; predominantly at a pediatric visit), and unspecified 

(4%). These mTBI patients were matched to 37834 non–brain-injured pediatric patients in a 

2:1 matching ratio.

Table 2 describes the characteristics of the study cohort. Patients were predominantly 14 

to 17 years old (48%), followed by the age 10–13 (28%), 6–9 (13%), and 0–5 (11%) 

age groups. Patients were also predominantly male (64%) and had racial/ethnic group 

distributions that were reflective of the population in Northern California. Less than 10% of 

the cohort qualified as being from low-income households. Twelve percent of the noninjured 

comparisons and 8% of the mTBI patients had a previous affective disorder (P < .001). 

Similarly, 10% of the noninjured comparisons and 7% of the mTBI patients had a previous 

behavioral disorder (P < .001).

Incidence and Risk for Postinjury Affective Disorders

Psychiatry and behavioral health clinicians diagnosed most affective disorders (84%). Table 

3 summarizes the individual 4-year and overall incidence and adjusted risk of affective 

disorders. The mTBI group was 25% more likely to be diagnosed with an affective disorder 

during the overall 4-year study follow-up period; the adjusted risk was significant across the 

first 3 years. Specifically, these diagnoses were only significant in the 10 to 13 and 14 to 17 

year age groups, with the former being 48% more likely to be diagnosed with any affective 

disorders at year 2.

The overall adjusted risk for post mTBI depressive disorders was 17% more likely in the 

mTBI group and was sustained over the first 2 years after injury. However, this increased 

risk was only significant in the 10 to 13 year age group, which was approximately 40% 

more likely to be diagnosed with a depressive disorder during the first 2 years after mTBI. 

For anxiety disorders, the mTBI group was 14% more likely to be diagnosed across all 4 

years in aggregate, and this adjusted risk was only sustained during the second year after 

mTBI. The 10 to 13 year age group was most at risk, being 42% more likely to receive a 
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diagnosis for anxiety disorders 2 years after mTBI. The mTBI patients in the 14 to 17 year 

age group were 13% more likely to be diagnosed with anxiety disorders when aggregated 

over 4 years, but effect sizes were not significant when analyzed for each of these years 

individually. Adjustment disorders were 27% more likely in the mTBI group, and this effect 

was sustained over the first 2 years after mTBI. Although mTBI patients in the 10 to 13 year 

age group were 39% more likely to have an adjustment disorder, this risk was only sustained 

during the first year after mTBI. The 14 to 17 year age group was approximately 30% more 

likely to be diagnosed with adjustment disorders over the first 2 years after mTBI. Finally, 

the 0 to 5 year olds with mTBI had a significantly increased risk for adjustment disorders at 

year 4. However, the differences between the small sample sizes in this age group resulted in 

a dramatically high relative risk, although absolute numbers of cases were low.

Incidence and Risk for Postinjury Behavioral Disorders

Psychiatry and behavioral health clinicians predominantly (70%) diagnosed behavioral 

disorders. Table 4 summarizes the individual 4-year and overall incidence and adjusted risk 

of behavioral disorders. Overall, the mTBI group was 18% more likely to be diagnosed with 

any behavioral disorders during the 4-year follow-up. An increase in risk during the second 

and fourth year was also observed, with the mTBI group being 21% and 37% more likely to 

be diagnosed with any behavioral disorders, during the second and fourth years, respectively. 

However, that trend was not observed when examined within age groups. Only the 10 to 13 

year age group had significant risk and was up to 50% more likely to be diagnosed with any 

behavioral disorders during the first 2 years after mTBI.

The risk for a post-mTBI conduct disorder was overall 31% more likely in the mTBI group 

with a sustained risk only during 1-year after injury. The 10 to 13 year age group was the 

only group with a significant risk for conduct disorders, being overall 64% more likely to 

be diagnosed, with increases in risk at years 2 and 3 after mTBI (at 75% and 117% increase 

in risk, respectively). Although these risk ratios were large in magnitude, the sample sizes 

in these groups were very small. A similar trend was observed with small sample sizes with 

ODD, with the 10 to 13 year age group being 34% more likely to receive this diagnosis after 

mTBI, with only a significant elevated risk at year 2 after injury. Finally, the mTBI group 

was 17% overall more likely to be diagnosed with ADHD, with the risk only significantly 

emerging in year 4. The 10 to 13 year age group was the only one with a significant risk 

(27% more likely) for being diagnosed with ADHD after mTBI.

DISCUSSION

The current study examined new mental health sequelae of mTBI in pediatric patients in an 

integrated health system in Northern California. In general, sustaining an mTBI significantly 

increased the risk of being diagnosed with a new affective disorder 4 years after injury. 

These findings clarify and expand on previous studies of the post-mTBI development of 

psychiatric disorders in children and adolescents.8 Our results show an elevated risk of 

developing an affective disorder diagnosis after an mTBI in children as age increases and 

is especially pronounced in the 10- to 13-year-old age group. This age group had the 

highest risk of developing depressive, anxiety, and adjustment disorders. These findings are 
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consistent with Massagli et al,4 with the exception of adjustment disorders in the 0 to 5 

year age group. We did not find any significant differences in new psychiatric diagnoses 

in children younger than age 10 years. This is most likely because of a reluctance among 

clinicians for establishing an affective disorder diagnosis in younger children. In our post 

hoc chart reviews of the 0 to 5 year olds who had a significant risk for adjustment disorders, 

we did indeed find that the latency between injury and a psychiatric diagnosis was on 

average 3.5 years later, and the majority of these diagnoses were made when they were older 

than 5 years of age.

Our study showed that sustaining an mTBI also significantly increased the likelihood of a 

new behavioral disorder diagnosis during the 4 years after injury. The risk for developing 

any behavioral disorder was highest during the first 2 years after injury, and specifically for 

the 10 to 13 year old age group only. However, except for ADHD, which was a significant 

risk only during the fourth year, the absolute numbers of cases for all other disorders were 

low and therefore consistent with previous findings that diagnosed behavioral disorders were 

rare and not likely to emerge as a new diagnosis after an mTBI.10,11

Considering recent findings documenting an increasing rate of mTBI in the pediatric 

population,24 our study demonstrates that children who have sustained an mTBI can benefit 

from initial and ongoing assessment for affective and behavioral disorders. Specifically, 

these assessments should be prioritized for 10- to 17-year-old children during the first 

2 years after injury. Regarding behavioral disorders, these assessments should ideally be 

conducted up to 4 years after injury and be focused on the 10- to 13-year-old subgroup. 

Our findings replicate a previous study on affective disorders after mTBI in adults.25 

Across the age span from infants to older adults, the risk of having affective disorders 

after mTBI is greatest during the first 2 years postinjury. In children, behavioral disorders 

are an additional risk. Identifying and treating these mental health disorders could reduce 

the impact and burden associated with the multifactorial challenges of mTBI. These 

findings show that mTBI may have a pronounced mental health impact on middle- and 

high school–aged children. This may be due to increased social and academic demands 

compared with elementary school–aged children. In addition, other unexplored social 

factors may further explain these findings, especially underlying factors of socioeconomic 

vulnerability,10,11,26,27 such as lower levels of parental education, lower household income, 

and health insurance coverage.28,29

Despite the study’s design, several potential limitations exist. First, 43% of our initial 

sample of children with mTBIs was excluded for various factors (eg, lapses in health plan 

coverage and/or the child was initially seen outside the integrated health care system). This 

may have biased our findings by potentially underestimating how affective and behavioral 

disorders may be reflected in uninsured children. Second, our requirement to have a 

diagnosis of mTBI documented in the EHR did not include children who did not seek 

care for their mTBI, who might have sought care outside our health care system, or who 

had symptomatology not reaching a threshold for diagnosis of a disorder. Those patients’ 

diagnostic profiles, outcomes, and other injury-related characteristics may be different than 

our sample because of variations in clinical practice and limited access to mental health 

services. Third, we did not investigate the additional impact of multiple mTBIs30 because 
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preliminary review of our database indicated that this subset was too small relative to 

the index mTBI cohort. Finally, funding limitations did not permit further exploration of 

treatment, medication use, and other factors of interest that may have added explanatory 

variables to our study.

CONCLUSIONS

Sustaining mTBI significantly increased the risk of having a new affective or behavioral 

disorder up to 4 years after injury, especially among those who sustained mTBI when aged 

10 to 13 years. Initial and ongoing screening for affective and behavior disorders after 

mTBI in children and adolescents can identify persistent conditions that may pose barriers to 

recovery.17
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TBI traumatic brain injury
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WHAT’S KNOWN ON THIS SUBJECT:

Recent studies document an association between mild traumatic brain injuries in children 

and the development of postinjury psychiatric disorders. However, these studies were 

subject to limitations in the design, lack of long-term follow-up, and poorly defined 

psychiatric outcomes.

WHAT THIS STUDY ADDS:

Sustaining an mTBI increased the risk of new affective or behavioral disorders up to 4 

years postinjury, especially in children aged 10–13 years old. Early screening after an 

mTBI can identify persistent conditions that may pose barriers to recovery.
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FIGURE 1. 
Summary of the cohort selection criteria for the mTBI and noninjured comparison groups. 

DX, diagnosis; mTBI, mild traumatic brain injury.
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