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Abstract
We reviewed the phenomenology of Post-Traumatic Stress Disorder (PTSD) and Traumatic Brain Injury (TBI), as well as 
the combined effects of PTSD + TBI comorbidity on functional outcomes. We also provide a series of research and treatment 
recommendations based on gaps in the literature with an emphasis on culture, interpersonal trauma, and treatment. Rates 
of PTSD + TBI are remarkably high. This comorbidity is especially common among combat-exposed military populations 
(with current estimates among Veterans returning from Afghanistan/Iraq at approximately 48%), as well as individuals who 
experience motor vehicle collisions (estimated base rate = 12%). These conditions often co-occur primarily because the events 
preceding the brain injury are both physically and psychologically traumatic. In many cases of PTSD + TBI, especially mild 
TBI, psychological factors largely account for accompanying functional outcomes (e.g., cognitive sequela, somatosensory 
health, quality of life, occupational functioning, social engagement). Overall, we suggest the importance of integrative 
teams in the early assessment, conceptualization, and treatment of PTSD + TBI. Psychological interventions and cognitive 
rehabilitation may synergistically improve psychological and functional outcomes for this patient population.
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Per the American Psychiatric Association’s (APA) Diag-
nostic and Statistical Manual for Mental Disorders (DSM-
5-TR) [1], Posttraumatic Stress Disorder (PTSD) is a 
psychological condition that represents a constellation of 

psychiatric and cognitive symptoms (e.g., negative altera-
tions to mood and cognition, distressing intrusions, aug-
mented arousal responses, persistent avoidance behaviors) 
in response to experiencing a trauma. Trauma is defined as 
an exposure to actual or threatened death, serious injury, 
or sexual violence [1]. PTSD may arise from a variety of 
traumas (e.g., sexual assault, combat exposure) [1, 2]. Symp-
toms can be chronic [3] and often adversely affect functional 
outcomes across psychological, neurocognitive, medical/
physical health, interpersonal/social, and adaptive domains 
[4]. A salient feature of PTSD is the high rate of comorbidity 
of other mental health conditions [1, 5, 6]. Such comorbidity 
is likely an artifact of symptom overlap [1, 6, 7], and may not 
represent unique syndromes/disorders. Risk of comorbidity 
may be a function of several variables such as trauma type, 
vocation, sex, and age of trauma exposure [8, 9].

Traumatic brain injury (TBI) has a high rate of co-
occurrence with PTSD [1]. This comorbidity is especially 
common among combat-exposed military populations with 
current estimates among Veterans returning from Afghani-
stan/Iraq of 48% [1, 10, 11]. Elevated rates of PTSD + TBI 
(~ 12%) have also been documented among individuals who 
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experience motor vehicle collisions (MVC) [12]. However, 
higher odds of PTSD in the setting of mild TBI (mTBI; see 
section titled “A Brief Primer on Traumatic Brain Injury: 
Mechanisms and Correlates” for clarification of TBIs) have 
been observed following blast injury (four-fold increase) 
compared to MVC (approximate two-fold increase) [12–14]. 
Extensive research links TBI with poor outcomes across 
psychiatric, physical, psychosocial, and neuropsychological 
health [15–17]. Like PTSD, TBI may arise from a multitude 
of events (e.g., physical assault, blast injury, MVC), all of 
which can lead to physical trauma to the head [18]. TBI and 
PTSD often co-occur (PTSD + TBI) primarily because the 
events preceding the brain injury are both physically and 
psychologically traumatic [13, 14, 19].

Despite the growing number of studies examining out-
comes, diagnostic complications, and etiological factors in 
PTSD + TBI in the last decade, there is a paucity of qualita-
tive and quantitative syntheses of this literature. A qualita-
tive review by Vasterling et al. [20] addressed PTSD + TBI 
focusing on clinical considerations including clinical pres-
entation, factors that can complicate recovery, and inter-
ventions (with emphasis on mTBI and pharmacotherapy) in 
civilian and military populations. Importantly, most stud-
ies have investigated PTSD + TBI in the context of military 
populations/combat-related traumas [10, 21, 22]. A search 
on the PsychINFO database for peer-reviewed publications 
in academic journals between years 2000 and 2023 contain-
ing phrases “Posttraumatic Stress Disorder” and “Traumatic 
Brain Injury,” excluding any articles containing terms “Mili-
tary” and “Veteran” yielded a net total of n = 437 results. 
This same search barring exclusion criteria resulted in a 
markedly greater number of publications (n = 1,898).

In a separate vein, new evidence suggests that roughly 
16% of civilian PTSD diagnoses include PTSD + TBI, 
largely due to MVCs [13]. Less is known about the potential 
roles non-combat trauma types (particularly sexual assault 
and contextual/sociocultural factors) play in PTSD + TBI. 
The aims of this narrative literature review were to (a) 
review phenomenology of PTSD and TBI (with emphasis 
on their unique effects on neuropsychiatric and neuropsycho-
logical functioning as well as cultural issues), (b) discuss the 
combined effects of PTSD + TBI on functional outcomes, (c) 
review treatment recommendations, and (d) examine specific 
gaps in the literature. We focused our qualitative review on 
peer-reviewed literature.

A Primer on Post‑Traumatic Stress Disorder: 
Mechanisms and Correlates

PTSD is defined as a disorder of persistent nonrecovery 
following trauma exposure [3, 23]. PTSD symptom occur-
rence (within affected individuals) tends to decrease over 

time (e.g., from 80–94% two weeks after the event to 50% 
after three months) [24, 25]. Trauma is ubiquitous, with life-
time prevalence in U.S. national population = 89.7% [26]. 
While experience of trauma in any form is a probable life-
time event, not all who face a life-threatening trauma go 
on to develop enduring psychiatric complications such as 
PTSD. Using DSM-IV criteria, studies have reported lifetime 
prevalence of PTSD = 8.7–9.8% at age 75, in-line with that 
reported using DSM-5 criteria (8.3%) [1, 26, 27].

Accurate conceptualization of what constitutes a trauma 
is paramount to the accurate diagnosis of PTSD [1]. To this 
end, the DSM-5 operationalizes traumatic events in Criterion 
A of PTSD as follows: (1) must involve actual or perceived 
threat to personal safety, (2) are recognizable stressors that 
are expected to foment significant distress, (3) are differ-
ent from normal experiences [28], (4) can be experienced 
indirectly or directly, and (5) if experienced indirectly, the 
individual must be close (e.g., friend, family member) of the 
involved person. Traumatic experience exists on multiple 
continuums, such as degree of severity and intimacy [3], and 
prior research suggests that PTSD rates may be a function of 
trauma type, and amount of trauma exposure [1, 29].

Cultural and Demographic Correlates

Numerous cultural and demographic factors (e.g., sex at 
birth, gender identity, sexual identity) are associated with 
trauma exposure and PTSD prevalence [1, 30, 31]. Although 
men are at higher risk of trauma across the lifespan, women 
are more likely to be exposed to interpersonal trauma, meet 
criteria for PTSD, and experience pathology for a longer 
duration [1, 32]. Differential rates of PTSD between sexes 
are likely related to the fact that as trauma is more personal 
(e.g., rape), risk of developing PTSD increases [33]. Simi-
larly, non-heterosexual individuals demonstrate higher odds 
of having PTSD even when adjusting for race, gender, age, 
and PTSD risk factors (adjusted odds ratio = 1.7–3.7) [34]. 
The minority stress framework [35], a dominant theoreti-
cal model within the study of sexual identity development, 
suggests social discrimination and prejudices create internal 
and external stressors that exacerbate mental and physical 
health symptoms. Indeed, research suggests gender/sexual 
minorities may experience more severe mental health dif-
ficulties compared to cisgender/heterosexuals across mul-
tiple indicators [30, 31]. Therefore, both gender and sexual 
identity are important considerations when conceptualizing 
and diagnosing PTSD.

Other important factors to consider are racial identity, 
ethnicity, and socioeconomic status (SES) [1, 30, 31]. While 
literature shows that Persons of Color have greater risk of 
trauma exposure, SES moderates PTSD prevalence such 
that lower SES is associated with higher PTSD risk amongst 
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Persons of Color [1, 36]. This may be explained in view of 
the diathesis-stress model where relative to White counter-
parts, Persons of Color are more likely be exposed to trauma. 
This risk is then compounded by low SES social contexts, 
which are associated with higher rates of violence and less 
access to care. Indeed, race is a putative correlate of SES. 
Conversely, studies found that PTSD is more common in 
developed/higher income countries, a phenomenon termed 
“the vulnerability paradox [37].” Many hypothesized expla-
nations exist for this paradox such as lack of PTSD social 
education [38], underdiagnosis in economically developing 
areas of the world, and level of congruence of trauma with 
societal context (e.g., tragedies and violence being more 
common in poorer regions), and problematic assumptions 
(i.e., “the ecological fallacy”) [37].

Sociocultural factors also play a role in PTSD preva-
lence. Specifically, there is evidence that PTSD may be more 
common in individualistic than collectivistic cultures [39, 
40]. For instance, in collectivistic cultures, holistic views 
of self-concept, and community orientation work to buffer 
resilience from traumatic events and engender acceptance. 
In individualistic Western cultures, people endorse less 
social support (i.e., a significant predictor of PTSD out-
comes) compared to people in collectivistic cultures [41]. 
These data suggest that individual versus collective orienta-
tion may at least partly explain cross-national variations in 
PTSD rates. Manifestations of PTSD have also been shown 
to differ across cultures/countries [39, 40]. For example, de 
Jong and colleagues found that re-experiencing symptoms 
were the most prevalent PTSD feature in four war-stricken 
regions: Cambodia, Ethiopia, Algeria, and the Gaza Strip 
[42]. However, the least common symptoms among these 
four regions differed (i.e., hyperarousal for Cambodia and 
Ethiopia; avoidance behaviors for Algeria and Gaza) [42]. 
Lastly, growing literature has focused on the biopsychosocial 
intergenerational transmission of cultural trauma [39, 43]. 
That is, through epigenetic mechanisms, biologic changes 
in response to a cultural trauma may be transmitted from 
parents to their progeny. It remains unknown, whether 
epigenetic inheritance of cultural trauma is relevant to 
PTSD + TBI pathogenesis, pathophysiology, clinical pres-
entation, and treatment factors in Persons of Color.

Taken together, cultural context and identity impact 
PTSD symptom presentation, prevalence, and resilience. 
Serious consideration of these factors is critical to culturally 
competent assessment and treatment of PTSD. Hinton and 
Good’s seminal text highlights mounting critiques of apply-
ing the PTSD diagnosis, which was formulated in Western 
settings, to culturally and historically distinct (from Western 
convention) contexts [39]. For instance, there are diverse 
forms of distress in non-Western cultures, which are not fully 
appreciated by the DSM PTSD framework. Further, certain 
areas of the world represent settings of chronic insecurity, 

which challenges the meaningfulness of PTSD diagnosis in 
these contexts.

Psychological Models of PTSD

Early conceptual models of PTSD focused on disruption of 
memories. Brewin and colleagues [44] proposed a dual rep-
resentation theory of PTSD to describe the ways in which 
traumatic memories are represented/encoded. Storage/
consolidation was thought to occur in two fashions: ver-
bally accessible memories (VAM) and situationally acces-
sible memories (SAM). They also proposed two types of 
emotional responses to memories: primary emotions (i.e., 
responses conditioned during the trauma, such as fear) and 
secondary emotions (i.e., feelings that occur after trauma 
is processed, such as anger). According to this model, suc-
cessful emotional processing of trauma requires activation 
of the VAM and SAM memory representational systems. 
Such activation is thought to promote resolution of schema 
conflicts and construction of new meaning through integra-
tion [3, 44].

Other prevailing models postulate experiential avoid-
ance paradoxically functions to repress processing of trauma 
memories [45], thereby impeding meaningful change in 
trauma memory despite simultaneously experiencing 
trauma-intrusions [46]. Another theoretical consideration 
in conceptualizing PTSD relates to the existential conse-
quences of trauma. Janoff-Bulman outlined major meta-
physical assumptions that are damaged due to experiencing 
a trauma including personal invulnerability, the world as a 
meaningful and predictable place, and the self as good or 
worthy [47]. Further, experiencing trauma involving inter-
personal violence challenges notions of safety and agency 
(i.e., control over the world) [47].

Concerning data-driven approaches, Cox et al. used factor 
analysis and latent construct modeling of associated psycho-
logical symptoms to develop the internalizing/externalizing 
model of PTSD [48]. Their analysis resulted in a model con-
sisting of one internalizing and two externalizing dimensions 
[49]. Later work using cluster analysis confirmed model fit 
when applied to patterns of PTSD psychopathology [50]. 
The internalizing/externalizing model of PTSD has played 
important roles in explaining the high rate of comorbidity 
among people with PTSD and identifying subtypes within 
PTSD [3].

Physiological Models of PTSD

Central neurobiological models may be organized in their 
anatomical taxonomy, from microscopic substrates (e.g., 
intracellular neurotransmitters), to intermediate systems 
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(e.g., the hypothalamic–pituitary–adrenal [HPA] axis), 
and finally macroscopic structures (e.g., brain regions) 
[3]. Neurotransmitters represent integral chemical sub-
strates that facilitate chemotransduction among neurons. 
Notably, neurochemical alterations have been documented 
in PTSD across multiple neurotransmitters. In a sample 
of persons with PTSD, Vaiva and colleagues [51] found 
lower levels of plasma gamma-amino butyric acid, a com-
mon inhibitory neurotransmitter, which they interpreted 
as a marker of increased stress response. Conversely, lit-
erature has documented higher levels of serotonin (5H-T) 
and dopamine in individuals with PTSD, likely associated 
with hyperarousal, hypervigilance, panic/anxiety symp-
toms, negative alteration of mood, and intrusive memo-
ries [52]. Another important neurotransmitter involved in 
PTSD is norepinephrine, a central chemical messenger of 
the noradrenergic system amidst stress responses [3]. A 
systematic literature review found a consistent relation 
between noradrenergic system dysregulation and physi-
ological (i.e., hyperarousal, startle response, increased 
pulse/blood pressure) and cognitive reexperiencing symp-
toms [53]. Relatedly, dysfunction of the noradrenergic sys-
tem has been linked with heightened levels of baseline 
norepinephrine in the absence of imminent threat as seen 
in PTSD [54].

The HPA axis also plays a key role in the neurobiological 
model of PTSD. The HPA axis refers to a pathway involving 
three distinct, yet interrelated components (i.e., hypothala-
mus, pituitary gland, and adrenal glands) that work to coor-
dinate the noradrenergic system in the stress response [3]. 
While under normal circumstances, stress activates the HPA 
axis and indirectly results in cortisol secretion, heterogenous 
forms of dysregulation have been observed in PTSD, likely 
an artifact of comorbid conditions among other reasons [54]. 
For example, hypocortisolism (i.e., low cortisol levels) and 
heightened levels of glucocorticoids has been observed in 
PTSD, presumably in relation to enhanced encoding of trau-
matic memories [55].

Broadly, multiple brain structures interact through pas-
sage of neurochemicals to give rise to PTSD phenomenol-
ogy. Some of the studied neural substrates implicated in 
PTSD are the prefrontal cortex, hippocampus, and amygdala 
[3]. The former plays several key roles including executive 
control while the latter has functions related to arousal and 
generating emotional responses [56]. The prefrontal cortex 
and amygdala work in close unison through the frontolimbic 
neural circuit. Under normal circumstances, this neuronal 
system works to buffer immediate emotional reactions. 
Neuroimaging studies have documented hyperactivation/
disinhibition in the amygdala, and subsequent inhibition of 
the prefrontal cortex, during exposure to stress in persons 
with PTSD [3, 57]. This pattern of activation is posited to 
contribute to physiological responses seen in PTSD [58].

Psychological, Neuropsychological, 
and Physical Health Correlates

Rates of comorbidity within PTSD are remarkably high. 
The base rate of comorbid mental health conditions among 
those with PTSD is 80% [1]. Prior research using a large 
outpatient psychiatric sample found that of “Axis I” disor-
ders [27], PTSD demonstrated the highest lifetime preva-
lence of comorbidity. To this end, the entirety of their sam-
ple of persons with a primary diagnosis of PTSD (n = 82; 
100%) met diagnostic criteria for at least one other mood 
disorder [59]. Conditions with notably high lifetime preva-
lence of comorbidity with PTSD were major depressive 
disorder (82%), panic disorder with agoraphobia (60%), 
generalized anxiety disorder (50%), social phobia (43%), 
substance use disorder (34%), and obsessive–compulsive 
disorder (24%) [59].

In addition to “Axis I” conditions, PTSD is associ-
ated with increased risk of personality (i.e., “Axis II”) 
disorders. An epidemiological study using data from the 
National Epidemiologic Survey on Alcohol and Related 
Conditions (n = 34,653) observed co-occurrence rates of 
PTSD and borderline personality disorder (BPD) ranging 
from 24.2% to 30.2%, depending on principal diagnosis 
[60]. Contemporary research attributes the concurrence 
of PTSD and BPD to interactive effects between genetic 
and environmental factors [61]. Studies have consistently 
demonstrated epigenetic changes in key stress-related 
systems (e.g., HPA) secondary to childhood traumas [62, 
63]. Individuals with history of childhood trauma show a 
pattern of blunted HPA reactivity, marked with decreased 
neuroendocrine release of adrenocorticotropin and cor-
tisol [64]. These stress hormones promote normal HPA 
function.

Neuropsychological Correlates

The pattern of neurocognitive deficits often observed in 
persons with PTSD include information processing speed, 
attention, learning and memory, and executive functioning 
[56, 65–67]. A meta-analysis of cognitive functioning in 
PTSD found largest effects for verbal learning (d = -0.62), 
processing speed (d = -0.59), attention/working memory 
(d = -0.50), and verbal memory (d = -0.46) [68]. A sepa-
rate meta-analysis found similar results but indicated that 
memory and learning were the domains most consistently 
associated with PTSD pathology [69].

History of childhood sexual trauma moderates the rela-
tion between PTSD and cognitive functioning. To illus-
trate, Bremner and colleagues [70] found that women with 
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history of childhood trauma showed pronounced deficits 
in verbal declarative memory compared to healthy con-
trols, and even women with childhood trauma and no 
PTSD. A more recent study found children with sexual 
abuse history and PTSD symptoms demonstrated reduced 
ability to inhibit prepotent responding on the Stroop test 
[71]. Additional analyses indicated that the actual expe-
rience of sexual abuse was the most robust predictor of 
the observed cognitive changes [71]. In trauma-exposed 
children with a history of PTSD, a recent meta-analysis 
documented a wide range of neuropsychological deficits in 
domains of general intelligence (d = -0.88), language/ver-
bal (d = -0.65), visuospatial (d = -0.53), information pro-
cessing (d = -0.62), learning and memory (d = -0.67), and 
executive functioning (d = -0.52) [62]. Others have noted 
that cortical functions (e.g., language, visuomotor skills) 
are generally spared among children with PTSD [56].

Studies have conceptualized cognitive deficits in PTSD in 
the context of psychological and neurobiological factors. For 
instance, Shin and colleagues found that experiential avoid-
ance symptoms in PTSD predicted verbal memory function-
ing and subsequent severity of PTSD symptomology [72]. 
Evidence from neurochemistry, neurobiology, and neuroim-
aging literature has linked morphological and system-based 
abnormalities to cognitive changes seen in PTSD [3, 57, 
58]. HPA axis dysregulation resulting in decreased corti-
sol and increased glucocorticoids is associated to neuronal 
damage to hippocampal gray matter and amygdala, brain 
regions associated with memory formation and emotional 
regulation, respectively [56]. Additionally, structural imag-
ing studies in persons with PTSD have documented subcorti-
cal volumetric changes in relation with cognitive impairment 
[73]. Other neuroimaging studies in PTSD have observed 
involution in the anterior cingulate cortex and left insula, 
which subserve the limbic-prefrontal circuit and cognitive 
flexibility [74].

A Brief Primer on Traumatic Brain Injury: 
Mechanisms and Correlates

The Centers for Disease Control and Prevention defines 
TBI as an injury to the head caused by a bump, blow, or 
jolt that may or may not result in penetration to intracra-
nial tissues, and causes disturbance (i.e., change) to nor-
mal brain function. It is estimated that 1.7 million indi-
viduals incur TBI-related injuries annually [75]. Rates of 
TBI are especially high among soldiers returning from 
recent conflicts (i.e., more than 30%) [18]. However, these 
figures may be inflated due to diagnostic complications 
relating to mild forms of TBI, which encompass the major-
ity of civilian and military head injuries [16]. To illustrate, 
Faul and colleagues estimated that between 70 and 88% 

of TBIs among military populations are mild in nature 
[75]. Mechanisms are categorized as closed head injury 
or penetrating head injury. In response to TBI, a series of 
complex reactions may occur (e.g., primary = coup-contre-
coup injury; secondary = physiological processes such as 
hypoxia or intracranial cerebral hypertension). As seen in 
PTSD, there is increasing evidence of disruption to neu-
rotransmitter system functioning (particularly catechola-
minergic) post-TBI [76].

In diagnosing TBI with conventional methods, sever-
ity is often graded as mild, moderate, or severe depending 
on multiple factors. These include observable changes in 
mentation, results from a structural imaging exam, Glas-
gow Coma Scale (GCS) scores, associated duration of loss 
of consciousness (LOC), and posttraumatic amnesia (PTA) 
[66]. Several classification systems of TBI severity have 
been advanced, the most rudimentary being type of physi-
cal trauma (i.e., whether there is penetrance of the cranium; 
open vs. closed head injury) [77]. Another popular way to 
grade brain injury severity considers the extent of initial 
mental status alteration/impairment using GCS score (most 
proximal to the injury; lower = more severe), time to fol-
low commands (higher = more severe) as well as duration of 
LOC and PTA (higher = more severe) [77]. Under this con-
vention, mTBI = GCS of 13–15, LOC of ≤ 30 min (or none), 
and PTA of < 60 min; moderate TBI = GCS of 9–12, LOC of 
30 min to 24 h, and PTA of 1 to 24 h; and severe TBI = GCS 
of ≤ 8, LOC of > 24 h, and PTA of > 24 h [77]. The Mayo 
TBI Severity Classification System was developed to use the 
maximum amount of available data in determining sever-
ity, with the following classes: Symptomatic (Possible) 
TBI, Mild (Probable) TBI, and Moderate-Severe (Definite) 
TBI [78]. The Mayo System considers similar content as 
earlier approaches (e.g., GCS, LOC, PTA), but also takes 
into account broader neuro-physiological (i.e., intracer-
ebral hematoma, subdural hematoma, epidural hematoma, 
cerebral contusion, hemorrhagic contusion, dura penetrated, 
subarachnoid hemorrhage, brainstem injury—the presence 
of any classified as Moderate-Severe TBI) and somatic (i.e., 
blurred vision, confusion/mental state changes, dazed, diz-
ziness, focal neurologic symptoms, headache, nausea—all 
under the classification of Symptomatic TBI) features [78].

Like PTSD, neuropsychological sequelae associated with 
TBI include diminished processing speed, attention, work-
ing memory, memory, and executive functions [17]. Inter-
estingly, while differential relations between trauma type 
and outcomes have been documented in TBI, literature has 
shown little evidence of TBI outcomes differing by mecha-
nism (e.g., blast vs. non-blast injury) [18]. Neuropsychiatric 
and behavioral symptoms resulting after mTBI have been 
termed post-concussive symptoms [17]. Along with the 
neurocognitive deficits listed above, behavioral comorbidi-
ties include mood alterations (e.g., depression), personality 
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disorders, and somatic features (e.g., fatigue, dizziness, sleep 
disturbance) [17].

A common phenomenon observed in TBI is decreasing 
insight/awareness (of deficits) as severity increases. Accord-
ingly, the majority of neuropsychiatric and cognitive subjec-
tive complaints associated with TBI occur in mTBI [19]. In 
tandem with this finding, history of premorbid psychiatric 
problems is related with greater level of symptom com-
plaints post-TBI [79]. Gil and colleagues found that subjects 
with less severe TBI were better able to recall events leading 
up to brain trauma, thereby increasing risk of subsequent 
PTSD diagnosis [65]. However, it is important to note that 
recall of traumatic event is not solely related to insight, as 
is the case for more severe TBIs. In these instances, exten-
sive PTA is likely part of the clinical presentation, thereby 
hindering ability to recollect the trauma. Importantly, a bur-
geoning literature highlights racial/ethnic disparities across 
the spectrum of TBI-care (e.g., diagnosis, injury mechanism, 
post-injury adjustment, long-term outcomes) that are crucial 
to appreciate [80].

Comorbid Posttraumatic Stress Disorder 
and Traumatic Brain Injury

Indeed, there is high rate of comorbidity between PTSD and 
TBI (PTSD + TBI), likely partly due to considerable symp-
tom overlap between these conditions [81, 82]. Alway and 
colleagues found that most cases of PTSD in TBI (66.7%), 
disease onset was delayed [83]. Frequency of PTSD was 
highest one-year post-injury, remained relatively stable 
two years post-injury, and diminished thereafter. Whereas 
experiential avoidance in stand-alone PTSD is a well-known 
predictor of poor outcome(s), Sofko et al. observed Veterans 
with both history of LOC and behavioral avoidance symp-
toms had worse psychological and quality of life outcomes 
[84]. This suggests LOC may function synergistically with 
behavioral avoidance. Al-Ozairi and colleagues reported 
similar findings, where shorter duration of PTA was a sig-
nificant predictor of development of mental health condi-
tions such as PTSD [85]. One possible explanation could the 
TBI-associated cognitive deficits disrupting the construction 
of lucid memories involving the traumatic event, thereby 
complicating the ability to sufficiently process negative 
trauma-related experiences [86, 87]. Furthermore, there is 
evidence to suggest that individuals who experience PTA 
after MVCs may reconstruct memories of the traumatic 
event that include negative self-attributions (e.g., guilt and 
shame) [13]. This phenomenon could partly explain the 
delayed onset of PTSD in patients with mTBI. Together, 
alterations to consciousness due to TBI may pose unique 
threats to adverse mental health outcomes and meaning mak-
ing around the traumatic event.

In many cases of PTSD + TBI, especially mTBI, psychi-
atric factors may better explain cognitive and other func-
tional (e.g., physical, social) outcomes compared to objec-
tive markers (e.g., performance on cognitive tests) [17]. For 
example, in a large (n = 2,525) U.S. Army sample following 
a 12-month tour in Iraq, PTSD and depression symptom 
severity accounted for the association between mTBI and 
postconcussive sequela (e.g., inattention, headaches) [86]. 
These findings were mirrored in a separate study examin-
ing neurocognitive test performance in a sample of Vet-
erans with and without mTBI, such that PTSD symptoms 
explained all group differences [87]. Another cross-sectional 
study of Veterans with PTSD found that after adjusting for 
TBI, depression, education, and premorbid intellectual 
functioning, perceptions of cognitive problems mediated 
the association between PTSD and concurrent functional 
outcomes [88]. Larbig et al. observed 73% of their sample 
of patients with PTSD reported subjective cognitive decline 
in memory after experiencing a traumatic event that was 
associated with objective deficits in memory [89]. This sug-
gests temporal precedence between PTSD and perceived 
memory deficits such that the latter is likely a consequence 
of trauma exposure rather than premorbid memory dysfunc-
tion. Conceptually, multiple studies have shown that PTSD 
symptomology in individuals with comorbid TBI amplifies 
severity of endorsement and perception of symptoms [16, 
90, 91]. In a sample of children and adolescent MVC survi-
vors with mTBI, persistent post-concussive symptoms were 
associated with PTSD symptoms rather than with comor-
bid PTSD + mTBI, emotional status predicted persistence 
in post-concussive symptoms six months post-MVC [92]. 
PTSD symptoms also predict worse functional outcomes 
as far as 24-months post-trauma in MVC survivors without 
TBI [93]. Together, these studies indicate psychiatric fac-
tors exacerbate post-concussive symptoms, predict adverse 
functional outcomes (thereby prolonging recovery), and 
highlight the importance of assessing psychological func-
tioning and symptom validity in patients with comorbid 
PTSD + TBI.

Persons with comorbid PTSD + TBI show discernable 
neurobiological differences compared to their counterparts 
with only one condition. In their review, Kaplan and col-
leagues summarize pathophysiological overlap between TBI 
and PTSD including gray matter changes to the amygdala, 
hippocampus, and prefrontal cortex [94]. Their review also 
highlights unique signs of neuroinflammation, excitotoxicity, 
and oxidative damage (all of which lead to neuronal aug-
mentation, damage, degeneration, and death) in those with 
PTSD + TBI [94]. Literature examining neuropsychological 
functioning in PTSD + TBI is somewhat sparse, likely due 
to controversy over symptom overlap between and com-
plexity of these conditions [13]. Biopsychosocial altera-
tions (e.g., neurotransmitter disruptions and psychosocial 



SN Comprehensive Clinical Medicine (2023) 5:92 Page 7 of 14 92

stressors) are often present in each condition, which raises 
questions of whether there are additive adverse outcomes 
in PTSD + TBI. Most literature in this area has focused 
on PTSD + mTBI [51–53, 76]. In a sample of MVC sur-
vivors with PTSD + TBI, Hickling and colleagues [95] 
reported deficits across all tasks that were speed depend-
ent, as well as delayed verbal memory. Conversely, a more 
recent study reported no significant group differences in 
processing speed, executive functioning, or memory per-
formance between Veterans with PTSD + mTBI and mTBI 
alone [22]. A review of cognitive functioning in comorbid 
PTSD + mTBI in Veteran samples showed a general profile 
consistent with the overlapping pattern of deficits between 
PTSD and TBI (i.e., mild to moderate impairment in atten-
tion, processing speed, and executive functions) [10].

Distinguishing between acute TBI and post-traumatic 
stress (PTS) symptomatology is not difficult when the TBI 
is moderate to severe and symptoms may be attributed to 
longer periods of LOC, cranial fractures, and other signs of 
traumatic brain damage [20]. However, when dealing with 
mTBI, the distinction is more complex [20]. Many symptom 
complaints in persons with mTBI may be due to PTS or gen-
eral psychological distress [21]. In the case of blast-injuries 
and other combat-related TBI’s, the event associated with 
the PTS and TBI symptoms is often either the same or tem-
porally related [18]. Therefore, clinicians might consider an 
early screening, poly-treatment approach to intervene with 
PTSD + TBI [96].

Treatment Considerations for PTSD + TBI

Per an updated systematic review on PTSD treatment out-
comes in patients with a history of TBI, cognitive behav-
ioral interventions such as prolonged exposure (PE), and 
cognitive-processing therapy (CPT) evidenced favorable 
outcomes when clinicians also targeted cognitive deficits 
associated with TBI [97]. A recent RCT demonstrated 
the effectiveness of TBI-adapted CBT for patients with 
acquired brain injury (CBT-ABI) [96]. However, these 
adaptations may not be sufficiently tailored to PTSD + TBI 
comorbidity, and could be improved by focus on content 
adaptations as the majority of prior research addresses 
process adaptations. Gallagher et  al. conducted a sys-
tematic review of treatment adjustments for cognitive 
impairment following TBI to identify clusters of recom-
mendations based on the prior research framework [98, 
99]. Using thematic analysis, five clusters were identi-
fied: therapeutic formulation and education specific to 
TBI, attention and concentration (i.e. shortening tasks, 
gradually increasing task duration, use of cues); commu-
nication (e.g., encourage clarifying questions, requests to 
slow down or repeat information), memory (e.g., using a 

diary or notebook for therapy tasks, cue recent events to 
facilitate recall), and executive functioning (e.g., planning 
events or interactions with patients, making lists) [99]. 
The most frequently reported adaptations were the use of 
memory aids and socializing patients to the CBT model, 
both of which are process rather than content adaptations. 
Content adaptations, such as increased psychoeducation 
about PTSD + TBI may amplify treatment effectiveness. 
However, more research is needed to examine the effec-
tiveness of a broad range of interventions and the utility 
of specific content applications.

Psychological interventions for PTSD + TBI should 
also focus on appraisals of post-trauma cognitive func-
tioning in addition to appraisals of the traumatic event, 
trauma coping self-efficacy, and negative self-appraisals. 
Samuelson et al. [88] found that perceptions of cognitive 
problems, but not objective performance, mediated the 
association between PTSD symptom severity and func-
tional outcomes after adjusting for TBI severity. Further, 
negative self-appraisals, posttraumatic cognitions, and 
trauma coping self-efficacy may be mechanisms of the 
association between perception of cognitive problems 
and PTSD symptoms [100]. Additionally, Vasterling and 
colleagues [20] emphasize the importance of psychoe-
ducation in targeting decreased inhibition, recklessness, 
and affect dysregulation, all of which may endanger the 
patient or reduce treatment adherence/engagement. Psych-
oeducation as an intervention aligns well with the robust 
literature highlighting the importance of the nocebo effect 
(i.e., negative patient expectations/beliefs about recovery 
dampening treatment effects) in TBI. Even a single session 
of psychoeducation reduces severity and duration of post-
concussive syndrome symptoms) [101]. Given the nature 
of PTSD + TBI pathogenesis (i.e., often concurrently aris-
ing from the same event), future research should consider 
the nocebo effect when designing interventions.

Integrated models of care [13] in which clinical psy-
chologists, neuropsychologists, and medical providers 
conduct joint assessments and intervention may improve 
functional and psychological outcomes by enhancing the 
effects of neurocognitive rehabilitation. Early assessment, 
interventions combining neurocognitive rehabilitation 
and evidence-based psychological techniques may also 
enhance treatment outcomes. To this end, a pilot study 
reported improvements in post-concussive symptoms, pro-
spective memory, and to a lesser degree, psychiatric symp-
toms, in Veterans who underwent Cognitive Symptom 
Management and Rehabilitation Therapy (CogSMART), a 
compensatory cognitive training intervention that utilizes 
cognitive rehabilitation and psychoeducation approaches 
[102]. Lastly, as mTBI literature supports setting expec-
tations for cognitive recovery is an important recovery 
variable.
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Suicide Risk in mTBI and PTSD

A final treatment consideration for PTSD + TBI is the 
well-established elevated risk of suicide in this patient 
population. A recent systematic review and meta-analy-
sis of 17 studies indicated a twofold higher risk of sui-
cide among mTBI patients relative to healthy controls 
[103]. The two studies with a follow-up period reported 
that between 0.50 and 0.59% of people diagnosed with 
concussion or mTBI died by suicide within a median of 
four years of the injury [103]. A review of military and 
civilian studies on risk of suicide and TBI reported that 
comorbid depression and PTSD are significant post-TBI 
risk factors [104]. Additional factors serve as moderators 
or mediators of TBI and suicide risk such as substance 
misuse, female sex, and sleep disturbance [104]. TBI 
severity may impact the degree to which mental health 
factors explain elevated risk, though literature on this 
topic is sparse.

Indeed, most of the relevant reviews focus on the full 
spectrum of TBI severity rather than mTBI. Barnes and 
colleagues [105] compared suicide risk factors among 
a matched sample of OEF/OIF military personnel and 
Veterans with PTSD, as well as those with PTSD and 

history of mTBI. Differences between risk factors were 
minimal suggesting that PTSD symptom severity may 
account for most of the suicide risk elevation in this 
population. Another study identified a similar effect for 
depression symptom severity at 3 and 6-month follow-
up [106]. Thus, the presence of mTBI alone may not 
elevate suicide risk above and beyond PTSD or depres-
sion symptom severity, indicating the critical need to 
assess patients with mTBI for psychiatric symptoms. 
Other mental health factors, such as substance use and 
insomnia may also elevate risk [106].

Given the elevated risk of suicide in PTSD + TBI, inte-
grated care teams would benefit from implementing evi-
dence-based practices for assessing and managing suicide 
risk in the context of PTSD treatment and cognitive reha-
bilitation. Considering the lack of evidence for standalone 
treatment packages for reducing suicidality in PTSD + TBI, 
as well as the multifaceted clinical needs of this popula-
tion, treatment teams may benefit from using adjunctive 
interventions that either serve as a therapeutic framework 
or which can easily fit into a treatment plan largely focused 
on PTSD + TBI [107–109]. Specifically, the Collaborative 
Assessment and Management of Suicidality (CAMS) [110] 
is a therapeutic framework that both evaluates suicide risk 
and serves as a patient-centered treatment to help patients 

Table 1  Research recommendations based on current gaps in the literature

Recommendation Gap

(1) Conduct research on interpersonal (i.e., sexual) trauma + mTBI in 
civilian populations

• Most research focuses on veterans with interpersonal violence trauma 
and blast-related head injuries

• No studies to date have examined how trauma types interact with 
mTBI [18]

(2) Conduct research on the impact of context (e.g., culture) on 
PTSD + mTBI symptoms and treatment

• Cultural context influences expressions of PTS (i.e., avoidance behav-
iors) [40]

• The same may be true concerning TBI
• Examine cultural differences in attrition and treatment response

(3) Conduct research on the potential for unique effects of brain injury 
in sexual/gender minorities

• There is a heightened base rate of both mental health problems and 
likelihood of physical violence exposure among sexual/gender minori-
ties, but there is a dearth of research on this topic

(4) Diversify the treatment literature by examining the effectiveness of 
a broad range of therapies in addition to CBT with an emphasis on 
transdiagnostic mechanisms

• More work is needed on the benefit of Compassion Focused Therapy, 
narrative approaches, holistic therapies, and third wave CBT [98, 118, 
119]

• Transdiagnostic mechanisms can address psychological distress asso-
ciated with PTS and TBI, such as shame and self-criticism, meaning 
making, and acceptance [86, 120, 121]

(5) Future studies can control for the effects of both psychological and 
neurocognitive interventions and compare symptom improvement by 
injury severity, age of patients, and clinical profiles

• A dearth of research examines the differential and additive effects of 
psychological treatments and neurocognitive rehabilitation [118]

• It will be important to empirically investigate whether integrated 
psychological and neurocognitive interventions have a synergistic 
treatment effect on PTSD + TBI outcomes

(6) Additional research is needed on which treatments are effective for 
reducing suicidality in PTSD + mTBI

• There are no interventions focused on directly reducing suicidality for 
patients with PTSD + mTBI [125]

• Studies should use validated measures of suicide ideation and behav-
ior rather than single items [107–109]
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manage their SI. Other brief interventions may also be use-
ful such as the Safety Planning Intervention (SPI) [111], 
the Hope Box intervention) [112], and means safety coun-
seling (e.g., CALM) [113]. All such interventions can be 
easily integrated into a broader treatment plan targeting 
PTSD + TBI.

Overall, extant research on treatment considerations 
for PTSD + TBI is limited by the focus on adaptations 
of CBT rather than a broader range of interventions. 
Some research has identified treatment adaptations that 
are not beneficial for TBI (and perhaps by extension, 
PTSD + TBI). For example, in persons with TBI, early 
treatment in the acute phase [114] and more extensive 
treatment in the post-acute phase [115, 116] may be coun-
terproductive. Nevertheless, past research has shown that 
“common factors” (e.g., therapeutic alliance) account for 
the most substantial portions of client outcomes regard-
less of intervention/presentation [117]. Indeed, there is 
growing evidence for compassion-focused, narrative, 
holistic, third-wave CBT, existential, and humanistic 
approaches to PTSD + TBI [86, 98, 118–124]. At this 
time, there is limited robust empirical evidence clarifying 

relative strengths and weaknesses among evidence-based 
treatments for PTSD + TBI.

Conclusions

PTSD and TBI are two distinct yet frequently co-occurring 
conditions. PTSD arises from adverse emotional reactions 
to experiencing a traumatic event which works to disrupt 
systems of meaning, self-concept, perception of others, 
and fundamental beliefs about the world. TBI occurs when 
external force(s) to the head result in observable cognitive 
changes, possible alterations in level of consciousness/orien-
tation, and insults to brain matter. Injuries that result in TBI 
pathology are often in themselves perceived as traumatic by 
virtue of their nature and intensity. Traumatic events and 
head injuries alike occur in contexts, many of which litera-
ture shows are relevant.

Literature reviewed above provides a variety of expla-
nations for high rates of comorbidity and symptom overlap 
between the two conditions. Symptom overlap exists in 
both psychological and cognitive respects. For instance, 

Table 2  Clinical recommendations based on current gaps in the literature

Recommendation Gap

(1) Consider using CBT for Acquired Brain Injury • A recent RCT demonstrated the effectiveness of TBI-adapted CBT for 
patients with acquired brain injury (CBT-ABI) [96]

(2) Any CBT intervention can be adapted for PTSD + mTBI using 
Gallagher et al.’s recommendations [99]. There is most support for 
process rather than content adaptations

• Clinicians would benefit from adapting CBT for impairments in 
attention and concentration, communication, memory, and executive 
functioning

• All research focuses on process rather than content adaptations to 
CBT

• Use of memory aids and socializing patients to the CBT model were 
most frequently used

(3) Emphasize appraisals of post-trauma cognitive functioning in addi-
tion to appraisals of the traumatic event, trauma coping self-efficacy, 
and self

• Perceptions of cognitive problems should be targeted to improve func-
tional outcomes over and above actual performance [88]

• Negative self-appraisals, posttraumatic cognitions, and trauma coping 
self-efficacy may explain this association [100]

(4) Psychoeducation and compensatory skills training can help miti-
gate the impact of cognitive impairments

• Decreased inhibition, recklessness, and affect dysregulation, can 
endanger the patient, or reduce treatment adherence/engagement [20]

• CogSMART compensatory skills training may improve post-concus-
sive symptoms and prospective memory, and to a lesser extent, PTSD 
symptoms [102]

(5) Care for PTSD + mTBI should be interdisciplinary and collabora-
tive

• Psychological interventions can improve functional and psychological 
outcomes by enhancing the effects of neurocognitive rehabilitation 
[13]

• Early assessment, and integrative interventions improve outcomes for 
this patient population

(6) CBT is not the only type of intervention with empirical support. 
Other approaches may also be beneficial

• There is limited, but growing evidence for compassion-focused, narra-
tive, holistic, third-wave CBT, existential, and humanistic approaches 
[86, 98, 118–121]

(7) Clinicians should assess for and manage suicide risk throughout 
treatment

• Treatment teams may benefit from using adjunctive interventions that 
either serve as a therapeutic framework or which can easily fit into a 
treatment plan largely focused on PTSD + TBI
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negative mood alterations and anxiety are common in 
both PTSD and TBI (i.e., neuropsychiatric post-concus-
sive symptoms). Further, both conditions show a compa-
rable constellation of cognitive deficits. Obfuscation of 
PTSD and TBI symptoms increases as severity approaches 
mTBI in comparison with moderate to severe TBI. Gener-
ally, cognitive features in severe forms of TBI are easily 
discernable from those of PTSD. Literature shows some 
clear differences between stand-alone TBI and (comor-
bid) PTSD + TBI. In the case of the latter, PTSD sever-
ity convincingly accounts for (and exacerbates) perceived 
cognitive and functional impairments in TBIs (especially 
mTBI). We present research and clinical recommendations 
based on gaps in the current literature reviewed here in 
Tables 1, 2. An inherent limitation of qualitative literature 
reviews is lack of formal quality and validity assessment of 
studies included. We attempted to balance this by focusing 
our narrative review on peer-reviewed literature.
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