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Abstract

Traumatic brain injury (TBI) is associated with a host of psychiatric and neurobehavioral
problems. As mortality rates have declined for severe TBI, attention has turned to the cognitive,
affective, and behavioral sequelae of injuries across the severity spectrum, which are often

more disabling than residual physical effects. Moderate and severe TBI can cause personality
changes including impulsivity, severe irritability, affective instability, and apathy. Mild TBI, once
considered a largely benign phenomenon, is how known to be associated with a range of affective
symptoms, with suicidality, and with worsening or new onset of several psychiatric disorders
including posttraumatic stress disorder (PTSD) and major depressive disorder. Repetitive head
impacts, often in athletic contexts, are now believed to be associated with a number of emotional
and behavioral sequelae. The nature and etiology of mental health manifestations of TBI
(including a combination of brain dysfunction and psychological trauma and interrelationships
between cognitive, affective, and physical symptoms) are complex and have been a focus of recent
epidemiologic and mechanistic studies. This paper will review the epidemiology of psychiatric and
neurobehavioral problems after TBI in military, civilian, and athletic contexts.
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Introduction

The past two decades have witnessed tremendous growth in understanding of the complex
relationship between traumatic brain injury (TBI) and mental health. As survival rates
have improved in moderate-to-severe TBI, attention has turned to the neurobehavioral

"Corresponding Author: Jonathon R. Howlett, MD, VA San Diego Healthcare System, 3350 La Jolla Village Dr, San Diego, CA
92161, jhowlett@health.ucsd.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Howlett et al.

Page 2

consequences of these injuries (1, 2). Mild TBI, once considered a largely benign
phenomenon, has also been increasingly recognized as a diverse injury spectrum (3) and

a major cause of morbidity (4-7). These developments have been spurred in part by the
recognition of TBI as one of the signature injuries of the conflicts in Irag and Afghanistan
(8), as well as by increased concern over adverse outcomes in athletes who sustain TBIs in
contact sports (9, 10).

In this review, we summarize the epidemiology of mental health problems after TBI in
military, civilian, and athletic contexts. We define “mental health” broadly to encompass
traditional psychiatric diagnoses (e.g., affective, substance use, and cognitive disorders) as
well as symptoms that are either below diagnostic thresholds or that do not fit traditional
psychiatric constructs. While our goal is to convey the breadth and frequency of mental
health issues after diverse TBIs, we focus on topics that best represent the available literature
and highlight ongoing areas of controversy. In particular, this review primarily focuses

on affective symptoms and disorders along with a brief overview of other manifestations
such as personality changes, substance misuse, and externalizing psychopathology. See
other papers in this issue for deeper discussion of affiliated topics, such sleep/wake
disturbance (11), neurodegeneration (12), substance use disorders (13), and neurochemical/
neuroimaging correlates of post-TBI psychiatric problems (14, 15). Cognitive deficits, while
a highly important manifestation of TBI, are also outside of the scope of this review and
have been reviewed in detail elsewhere (16-18).

Epidemiology and Classification of Traumatic Brain Injury

In the United States in 2014, 2.53 million emergency department visits, 288,000
hospitalizations, and 56,800 deaths were associated with documented TBI (19).
Additionally, there are millions of additional TBIs estimated annually, including injuries
not formally diagnosed in hospital settings (56% of TBI in the emergency department (20))
and TBI that either goes untreated or is managed outside the hospital setting (e.g., most

of the estimated 3.8 million sport- and recreation-related concussions that occur annually
in the U.S.) (21, 22). Furthermore, military service members, not included in hospital-
based epidemiologic studies, are at elevated risk of TBI both during combat deployments
(e.g., 19.2% of soldiers deployed to Afghanistan) (23) and in garrison (especially post-
deployment; (24)).

Although there is no universally agreed upon method for diagnosing and classifying TBI,
TBI is generally accepted to reflect altered brain structure or function caused by an external
force (25). Clinical signs considered sufficient to warrant a diagnosis typically include one
or more of the following: acute intracranial injury on neuroimaging, neurologic deficits,
unconsciousness, amnesia for peritraumatic events, and confusion or similar evidence of
altered mental status. Historically, TBIs have been classified into injury severity strata
(e.g., mild, moderate, severe) according to acute injury characteristics such as the patient’s
level of consciousness (quantified with the Glasgow Coma Scale [GCS]) and the duration
of unconsciousness and posttraumatic amnesia (if present) (4). Severity classifications are
somewhat useful for outcome prediction but do not adequately reflect the vast differences
between patients within and across severity strata. For example, the vast majority (>80%)
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of TBIs are classified as “mild” (mTBI), with diverse injury severity characteristics and
outcomes within the mTBI population.

Different subpopulations of TBI (athletes, military service members, and the civilian general
population) experience, on average, somewhat different injuries in terms of injury context
and severity, and these subfields have developed different norms for TBI diagnosis and
classification. Civilian TBI researchers often define mTBI by GCS score (13-15), with
additional restrictions sometimes on the duration of unconsciousness (0-30 minutes) and
posttraumatic amnesia (0-24 hours) (26). In contrast, the U.S. Department of Veteran Affairs
(\VA) further restricts the diagnosis of m7B/to injuries with no signs of brain injury on
clinical neuroimaging. The vast majority of sport-related TBI meets the more restrictive VA
definition of mTBI (sometimes used synonymously with concussion), although acute injury
characteristics tend to be milder in athletes as compared to other TBI subpopulations (4).

Conceptualization and Epidemiology of Persistent Post-Concussive

Symptoms

Diverse symptoms occur commonly after TBI and may include somatic symptoms (e.g.,
nausea, dizziness, headache, blurred vision, hearing changes, fatigue), cognitive complaints
(including deficits in memory and executive functions), and emotional and behavioral
problems (such as emotional lability, irritability, depression, and anxiety) (27). For mTBI
especially, these diverse sequelae historically have been viewed through a dualistic lens

in which psychological mechanisms (labeled “functional” or “psychogenic”) have been
viewed as separate from biological (“organic”) mechanisms. For example, emotional and
behavioral manifestations of concussion were sometimes viewed as part of an “accident
neurosis” linked to desire for financial compensation (28). However, subsequent research
indicated that these complaints did not resolve after compensation was received and also
occurred when no compensation claim could be made (1, 29). While examining diverse
predictors of persistent post-concussive symptoms is useful, modern psychiatric research
recognizes psychological, motivational, and injury factors as important levels of analysis that
are intertwined with, rather than distinct from, neurobiology.

Clinical nomenclature can further contribute to etiologic confusion. For example, while the
terms “post-concussive symptoms” and “posttraumatic stress disorder” might lead to the
assumption that the former is caused by direct physical injury to the brain such as axonal
damage, while the latter is caused by psychological trauma related to the injury, research
has shown that this simple etiologic distinction is untenable. Post-concussive symptoms
themselves overlap heavily with symptoms of psychiatric disorders such as PTSD, major
depressive disorder, and anxiety disorders (30), and can also occur after non-brain injuries
(31-33). At the same time, PTSD is more common after TBI compared to other injuries,
and physical damage to the brain such as axonal injury is thought to contribute directly to
its development (30). Adding to the complexity, psychiatric disorders are both risk factors
as well as outcomes of TBI (34). Contemporary research continues to recognize the multiple
biopsychosocial factors that can contribute to individuals® post-injury emotional functioning
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while using increasingly advanced neuroscientific methods to improve understanding of the
neurobiology of post-concussion symptoms (35-37).

Despite uncertainty about the definition and etiology of persistent post-concussive
symptoms, it remains a clinically useful concept to refer to diverse concussion/mTBI
symptoms that persist for an unusually long time (e.g., about 1 month in athletes and 3
months in civilians). Prognasis after a single concussion is generally good, especially in
athlete samples (e.g., only 1.5% of 127 prospectively-enrolled high school and collegiate
athletes still reported symptoms at the 45-day study endpoint (38)). The prevalence of
persistent post-concussive symptoms is higher in general community trauma samples with
mTBI, although estimates vary a great deal by the definition used (e.g., 11.4-38.7%

of a hospital-treated mTBI sample (39)). Despite progress in identifying biomarkers of
damage in TBI, the causes of persistent post-concussive symptoms are poorly understood
and may reflect the influence of psychosocial mechanisms including changes in self-
image, close relationships, social networks, and vocational capacity (10, 34) and emerging
pathophysiological mechanisms as discussed in several reviews in this issue (35-37). The
higher prevalence of persisting mTBI symptoms in civilian populations is thought to be
multifactorial, potentially including demographic/pre-injury risk factors for slower brain
injury recovery, greater mTBI severity, and higher prevalence of impairing concurrent
peripheral injuries. Further research is therefore needed to clarify the mechanisms of occult
brain dysfunction in persistent post-concussive symptoms (40).

Chronic Traumatic Encephalopathy and Traumatic Encephalopathy

Syndrome

Highly public case reports have drawn attention to concerns that exposure to repetitive

head impacts may cause a neurodegenerative illness—chronic traumatic encephalopathy
(CTE)—which has been proposed to cause myriad cognitive, psychiatric, and behavioral
problems (traumatic encephalopathy syndrome [TES]) (41, 42). CTE has been recognized
as a possible consequence of boxing since the early 201 century, yet only since the early
2000s have conceptions of TES expanded beyond motor and cognitive symptoms to include
mood (e.g., depression) and behavioral concerns (e.g., substance abuse, disinhibition,
aggression, paranoia) (43). Recently published consensus criteria for TES from the National
Institute of Neurological Disorders and Stroke include substantial exposure to repetitive
head impacts, cognitive impairment and/or neurobehavioral dysregulation, a progressive
course, and lack of explanation for the clinical features based on another condition (44).
This expanded conceptualization stems from case series of deceased individuals (especially
former professional American football players) who were found to have brain pathology

of CTE and for whom loved ones reported, postmortem, that they manifested various
psychological and behavioral problems (41, 42).

While these case reports are concerning, prospective longitudinal studies are needed to
corroborate or refute the proposal that repetitive head impacts causes CTE, and that
CTE causes particular clinical signs and symptoms. Fortunately, with large-scale studies
underway to follow athletes for 10 or more years post-sport participation, this area of
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research is likely to evolve rapidly. Recent reviews concluded relatively robust, replicable
associations between retrospectively recalled concussion history and depression in former
professional American football players (45, 46). On the other hand, having played
professional football appears to either not predict, or predict lower risk of, suicide (47).
Some studies also suggest high rates of opioid and alcohol misuse in former professional
football players (48). Proposed phenotypes of TES are preliminary and intended to fuel
further research. Recent findings that a high percentage of the general population meets the
proposed clinical criteria for TES highlights the need to refine and validate TES phenotypes
(43).

TBI and Affective Symptoms and Disorders

Affective sequelae of TBI were initially recognized in patients with severe TBI, starting
with the famous penetrating brain injury sustained by Phineas Gage (49). Yet only in recent
years has research focused on measuring affective changes in diverse TBI samples in lieu

of prior emphasis on survival and functional impairment (1). Affective sequelae of TBI are
increasingly recognized as highly prevalent and closely tied to TBI-related disability and
quality of life (50, 51). This literature is imperfect, with wide variability in methodology and
the scope of emotional changes that can make it difficult to draw comparisons across TBI
subpopulations and studies.

Notwithstanding these limitations, a wealth of literature has concluded that patients with all
severities of TBI are at elevated risk of affective symptoms, and in some cases clinically
significant affective disorders, after injury (7, 52). In prospective athlete samples this risk
appears time-limited—athletes tend to have on average better emotional functioning (lower
symptom severity) than the general population pre-injury (38, 53) and to experience only
brief, subtle increases in affective symptoms after concussion (53). In contrast, civilian
trauma and military samples demonstrate higher rates of affective disorders and for longer
after injury. For example, in a prospectively followed sample of 161 Australians with
moderate-severe TBI, 62% met criteria for a least 1 DSM-IV Axis | disorder diagnosed via
structured clinical interview in the first year post-injury, most commonly a depressive or
anxiety disorder (54). The prevalence of these disorders diminished gradually over 5 years,
with rates of returning to near the population base rate at year 2 for anxiety and year 5 for
depressive disorder (see Figure 1). The most common diagnosis within each disorder class
was Major Depressive Disorder and Anxiety Disorder NOS (usually subthreshold PTSD

or generalized anxiety disorder). Although having a pre-injury psychiatric illness was a
strong predictor of experiencing a post-TBI psychiatric disorder, a large proportion of mood
and anxiety disorders were experienced de novo (Figure 2), consistent with other research
suggesting that TBI can cause affective disorders to develop (54); see also (55, 56). A
prospective study of civilian trauma patients found that mTBI was associated with elevated
odds of developing panic disorder (odds ratio=2.01), social phobia (odds ratio=2.07), and
agoraphobia (odds ratio=1.94) (57). In the prospective TRACK-TBI study, civilians with
mTBI had a significantly higher rate of probable major depressive disorder than orthopedic
trauma controls at 3 months (8.8% compared to 3%) but not at 6 months (58). Reviews have
also concluded that the prevalence of affective disorders is higher than population base rates
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in mild or mostly mild civilian TBI samples (with major depressive disorder best established

(59)).

A number of studies examining affective symptoms from symptom inventories have yielded
similar conclusions—that affective symptoms are common after civilian and military TBI.
For example, recent large-scale prospective studies have reported a high prevalence of
affective symptoms in level 1 trauma center mTBI samples (43-57% at 3—12 months)

(60), with mTBI patients reporting significantly more psychological distress than orthopedic
controls at 1 year (d= 0.20) (5). Similarly, another sample showed high rates of persisting
affective and other mTBI-related symptoms at 1 year post-mTBI, despite relatively complete
recovery of cognitive performance and functional abilities (33). Findings are equivocal
regarding the relevance of TBI severity to affective symptoms. Numerous studies have found
either a minimal relationship, while others have found an inverse relationship between TBI
severity and symptoms severity (61). Numerous explanations have been offered for why
individuals with severe TBI may have less severe emotional distress, including impaired
insight and apathy that can result from severe TBI (2) as well as a potentially lower
likelihood of developing PTSD for severe injuries (which tend not to be remembered by
patients; see TBI and PTSD subsection for more discussion of this topic).

Like other community members, military service members are at increased risk of MDD,
PTSD, and suicidality. The relationship between TBI and these outcomes in military
service members is discussed in topic-specific subsections below. Additionally, a cohort
study of 1567 US Army soldiers recruited shortly after return from deployment to Iraq

or Afghanistan found an increased rate of reported “severe” or “very severe” irritability
(adjusted relative risk = 2.73) among soldiers who sustained mTBI on deployment,

which was consistent over the follow-up interval (3, 6, and 12 months) (62). In

the prospective Army STARRS study, deployment-acquired TBI (mostly mTBI in this
sample) was associated with increased risk of major depressive disorder (adjusted odds
ratio=1.45) and generalized anxiety disorder adjusted (adjusted odds ratio=1.81) at 3
months post-deployment (23). At 9 months post-deployment, the association between TBI
and generalized anxiety disorder persisted (adjusted odds ratio=1.81), but the association
with major depressive disorder was no longer significant. Number of TBIs was positively
associated with depressive symptoms in a different sample of military personnel referred for
TBI evaluation (63).

TBl and PTSD

PTSD is of particular interest in relation to TBI, as the events that cause TBI can be
emotionally traumatic. PTSD is characterized by re-experiencing symptoms, avoidance, and
alterations in arousal, cognition, and mood, resulting from exposure to severe traumatic
events. Events resulting in TBI often meet criteria as Criterion A traumas according to
DSM-5 (American Psychiatric Association, 2013). While it was once argued that comorbid
TBI and PTSD was uncommon, and that loss of consciousness and amnesia due to TBI may
actually be protective against PTSD (64), a number of studies initiated after the conflicts

in Irag and Afghanistan have clearly demonstrated that TBI is actually an important risk
factor for PTSD. However, given evidence that mTBI carries a higher risk of PTSD than
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more severe TBI (65), it remains possible that extended loss of consciousness and amnesia
in severe TBI (as opposed to mTBI) do exert a protective effect.

Much of the research documenting a relationship between TBI and PTSD has occurred in
military populations. Importantly, there are several factors that distinguish this population
from civilians experiencing TBI, including the frequency of repeated blast injuries and

the frequency of repeated deployments. Military personnel also often experience repeated
psychological trauma through combat exposures, and these effects are difficult to fully
disentangle from the physical trauma of TBI in epidemiologic studies. Cross-sectional
studies in military personnel provided early evidence for a link between TBI and PTSD,
with one survey of U.S. Army soldiers after return from deployment to Iraq finding

PTSD rates of 43.9% of those reporting TBI with loss of consciousness, 27.3% of those
reporting mTBI with altered mental status, 16.2% of those with other injuries, and 9.1%

of those with no injury (66). A different cross-sectional study of military personnel after
deployment to Iraq or Afghanistan found an association between mTBI sustained in combat
and PTSD, with a prevalence ratio of 2.37 (67). Evidence also emerged for a dose-response
relationship between TBI and PTSD, with number of lifetime TBIs being associated with
PTSD symptom severity in a sample of military personnel referred for TBI evaluation while
on deployment in Iraq (63).

Subsequent prospective studies in military personnel have confirmed that TBI is an
important risk factor for PTSD. In the Marine Resiliency Study, which assessed Marine

and Navy service members before and after deployment to Iraq or Afghanistan, deployment-
related mTBI increased predicted PTSD symptoms by a factor of 1.23, while moderate or
severe TBI increased predicted symptoms by a factor of 1.71 (68). In the same study, TBI
doubled or nearly doubled risk of PTSD in individuals with less severe pre-deployment
PTSD symptoms. Army STARRS assessed U.S. Army soldiers before and after deployment
to Afghanistan (23). After controlling for other risk factors, deployment-acquired TBI
(mostly mTBI in this sample) was associated with risk of PTSD at 3 months (adjusted

odds ratio 1.81) and 9 months (adjusted odds ratio 1.48) post-deployment. There was also
evidence for a dose-response relationship between severity of TBI (very mild, mild, and
more-than-mild) and risk of PTSD.

In parallel with emerging evidence of the role of TBI as a risk factor for PTSD in

military populations, several prospective studies have documented a similar relationship

in civilian populations. Importantly, injury profiles differ in this population as they typically
experienced a single impact injury as opposed to repetitive blast injuries often seen in
military populations. A prospective cohort study of civilians who were traumatically injured
found that individuals who sustained mTBI were more likely to develop PTSD (odds
ratio=1.92) (57). In the TRACK-TBI study comparing 1155 civilians with mTBI with 230
patients with orthopedic injuries, the rate of probable PTSD at 6 months was 19.2% in the
mTBI group and 9.8 % in the orthopedic control group (58). Risk factors for probable PTSD
after mTBI included less education, being black, self-reported psychiatric history, and injury
resulting from assault or other violence.
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While epidemiologic studies have demonstrated that TBI is a risk factor for PTSD, the
causal mechanism of this association remains unclear. TBI may damage neural circuits
involved in regulating fear responses (30). Alternatively, cognitive impairment after TBI
could reduce coping capacity and use of adaptive cognitive strategies (69). Finally,
inflammatory responses after TBI could also contribute to worsened mental health outcomes
(70). The possible contributions of direct physical damage to the brain, in addition to
psychological trauma related to the context of an injury, to PTSD symptoms is highlighted
by preclinical work demonstrating the emergence of PTSD-like behavior in rodent models of
TBI (71).

TBI and Suicidality

Suicidality (including suicidal ideation and suicidal behaviors) is a particularly important
sequela of TBI in military and civilian community samples. Several cross-sectional studies
have found associations between TBI and suicidal ideation and behaviors, including studies
controlling for other risk factors including depression, PTSD, and TBI symptom severity
(63, 72-74). A study of 108,930 male Marines assessed at basic training and followed
during active duty found that TBI was associated with risk of completed suicide after
controlling for other risk factors such as depression (HR = 4.09) (75). An analysis of

data from 7677 deployed US Army soldiers as part of the Army STARRS study found

that, of all lifetime TBI characteristics evaluated pre-deployment, only past-month post-TBI
symptoms were prospectively associated with risk of suicide attempt after deployment (76).
Similarly, an analysis of 1158 civilian patients as part of the prospective TRACK-TBI
study found that post-TBI symptoms were strongly associated with suicidal ideation after
controlling for pre-injury factors (77). Importantly, a retrospective cohort study of 7,418,391
civilians in Denmark found that individuals with medical contacts for TBI had a higher

risk of completed suicide than the general population without TBI (adjusted incidence rate
ratio = 1.90) after adjusting for covariates such as psychiatric diagnoses, with severe TBI
carrying the highest risk (adjusted incidence rate ratio = 2.38 for severe TBI vs. adjusted
incidence rate ratio = 1.81 for mTBI) (74). A recent review concluded that individuals with
TBI are at higher risk for suicide death than the general population and that comorbid
depression and PTSD are significant post-TBI risk factors for suicide (78). An exception to
these findings from military and civilian community samples, retired professional American
football players have a lower risk of suicide than the general population, implying that
exposure to sport-related concussion and repetitive head impacts may not increase risk of
suicide (47).

Other Manifestations of TBI

Early psychological studies of the effects of severe TBI were largely focused on cognitive
functions, but extensive behavioral consequences received increasing attention in the 1970s.
Interviews with patients’ relatives revealed that these sequelae caused much greater distress
than physical disabilities due to TBI and often had major life consequences in the form

of relationship problems, social isolation, and unemployment (1). Major alterations in
behavioral responses after moderate or severe TBI are often described by survivors and
caregivers as “personality changes,” which are typically characterized by impulsivity, severe
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irritability, affective instability, apathy, and a frequent lack of awareness of these changes on
the part of the affected individual (2). This pattern of behavioral changes is thought to reflect
impaired functioning of specific frontal-subcortical circuits that are particularly vulnerable
to damage in TBI (2). The emergence of affective lability, impulsivity, aggressive behavior,
apathy, suspiciousness, or a combination of these after a TBI is included in DSM-5 under the
diagnosis Personality Change Due to Another Medical Condition (79). Apathy experienced
by a subset of severe TBI participants is clinically distinct from depression (by concomitant
levels of negative affect) but may be difficult to discern from depression in studies that rely
on self-reported mood.

Although the bulk of the literature has emphasized internalizing and somatic symptoms in
individuals with TBI, externalizing psychopathology can also present after TBI. Substance
misuse, in particular, is common both pre- and post-TBI. In the aforementioned sample

of persons with moderate-severe TBI assessed through structured diagnostic interviews,
substance use disorders were the 3" most common class of DSM-IV Axis | disorders

(after depression and anxiety) experienced by the sample and commonly reflected pre-injury
pathology (Figure 1; (54)). See Olsen & Corrigan (13) in this issue for a detailed discussion
of the evidence around the impact of TBI on substance use.

Conclusions

TBI is a common form of neurological injury and is associated with substantial morbidity.
Mental health problems are increasingly recognized as important consequences of TBI

that adversely affect quality of life and day-to-day functioning. Just as the TBI population
is diverse, the mental health sequelae that can be experienced post-TBI are broad and
comprise myriad concerns about emotional, cognitive, physical, and behavioral functioning.
Concussion commonly presents with a host of physical, somatic, and cognitive symptoms
(often below the threshold to warrant a psychiatric diagnosis) that are time-limited.
However, differences the base rate of clinically significant mental health problems varies
by mTBI subpopulation (low in contact sport athletes, higher in civilian and military trauma
patients), for reasons that should continue to be explored. While it is possible that repeated
mTBI exposure causes cumulative problems later in life, the quality of evidence for this
remains poor due to a lack of prospective cohort studies. Mental health problems after
moderate-severe TBI are common and span a variety of phenotypes, including apathy

and impulsivity as well as affective symptoms and disorders common to all severities of
TBI (especially major depression and generalized anxiety). Given the complex etiology

of mental health manifestations of TBI (including a combination of brain dysfunction

and psychological trauma and interrelationships between cognitive, affective, and physical
symptoms), conceptual schemes should be continually updated in response to new evidence
from epidemiologic, mechanistic, and treatment studies. Improved understanding of mental
health sequelae of TBI will require ongoing collaboration between specialists in different
disciplines.
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Figure 1:
Annual prevalence of different classes of psychiatric disorder in the prospective study of

moderate-severe TBI from Alway et al. (54). Diagnostic and Statistical Manual of Mental
Disorders—Fourth Edition (DSM-1V) Axis | diagnoses were determined via structured
clinical interview. Mood, anxiety, and substance use disorders were most prevalent DSM-
IV Axis | disorders across five years of follow-up post-injury, with a steady decline in
prevalence over time.
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Figure 2:
Percentage of individuals with moderate-severe TBI from Alway et al. (54) who met

criteria for each psychiatric disorder class in each year of follow-up post-injury, stratified

by whether it was the first time being diagnosed post-injury (solid color) or recurring

from prior post-injury study visits, and whether or not participants had a pre-injury history
of a disorder in that diagnostic class (grey = pre-injury history; orange = no pre-injury
history). The first year post-injury was the primary period of vulnerability for the appearance
of psychiatric disorders post-TBI (solid colors). Although having a pre-injury psychiatric
disorder (grey) was a strong predictor of having disorders post-injury, mood and anxiety
disorders in particular often presented in individuals with no pre-injury history (orange) of
these types of disorders.
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