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Abstract

Objective: To determine whether cognitive and psychological symptom profiles differentiate 

clinical diagnostic classifications (e.g., history of mild traumatic brain injury [mTBI], 

posttraumatic stress disorder [PTSD]) in military personnel.

Method: U.S. Active-Duty Service Members (n=209, 89% male) with a history of mTBI (n=56), 

current PTSD (n=23), combined mTBI+PTSD (n=70), or orthopedic injury controls (n=60) 

completed a neuropsychological battery assessing cognitive and psychological functioning. Latent 

profile analysis was performed to determine how neuropsychological outcomes of individuals 

clustered together. Diagnostic classifications (i.e., mTBI, PTSD, mTBI+PTSD, orthopedic injury 

controls) within each symptom profile were examined.

Results: A five-profile model had the best fit. The profiles differentiated subgroups with 

high (34.0%,) or normal (21.5%) cognitive and psychological functioning, cognitive symptoms 

(19.1%), psychological symptoms (15.3%), and combined cognitive and psychological symptoms 

(10.0%). The symptom profiles differentiated participants as would generally be expected. 

Participants with PTSD were mainly represented in the psychological symptom sub-group, while 

orthopedic injury controls were mainly represented in the high functioning subgroup. Further, 

~79% of participants with comorbid mTBI and PTSD were represented in a symptomatic group 

(~24% = cognitive symptoms, ~29% = psychological symptoms, 26% = combined cognitive/

psychological symptoms). Our results also showed that ~70% of military personnel with a history 

of mTBI were represented in the high and normal functioning groups.

Conclusions: These results demonstrate both overlapping and heterogeneous symptom and 

performance profiles in military personnel with a history of mTBI, PTSD, and/or mTBI+PTSD. 

The overlapping profiles may underscore why these diagnoses are often difficult to diagnose and 

treat, but suggests that advanced statistical models may aid in identifying profiles representing 

symptom and cognitive performance impairments within patient groups and enable identification 

of more effective treatment targets.
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Introduction

Traumatic brain injury (TBI) is a significant health concern among Service Members and 

Veterans of the recent military conflicts in Iraq and Afghanistan and follow-on conflicts. 

Approximately 10–20% of military personnel returning from combat report TBI or probable 

TBI [1–7], with more than 80% of these being mild TBI [mTBI; 8]. Many military personnel 

with TBI show cognitive symptoms including executive dysfunction and disinhibition, 

slower processing speed, impaired attention, and concentration [3, 9]. Other commonly 

reported symptoms across TBI severity include headaches, chronic pain, sleep disturbance, 

depression, anxiety, and irritability [10–12]. There is a critical need for additional research, 

as diagnostic and prognostic accuracy following TBI is complicated by several factors 

including the clinical and functional heterogeneity observed between individual patients and 

across research cohorts.

Further complicating clinical and functional outcomes are the number of comorbidities 

experienced by Service Members and Veterans following mTBI, especially TBIs that occur 

during combat deployment. Research among Operation Iraqi Freedom (OIF) and Operation 

Enduring Freedom (OEF) Veterans clearly shows that posttraumatic stress disorder (PTSD) 

is a common comorbidity among Veterans with TBI and deployment history. An estimated 

12–25% of military personnel experience PTSD and PTSD symptomatology, which seems to 

be affected by the nature and degree of combat exposure [3, 6, 13, 14]. Hoge and colleagues 

found that in ~44% of soldiers who had lost consciousness, ~27% reported PTSD symptoms 

[7]. Individuals with PTSD and no history of TBI also show impaired executive functioning, 

memory, and attention [3, 7, 15]. There may be a bidirectional relationship between PTSD 

and cognition, such that PTSD contributes to worse cognitive functioning, but cognition 

may also influence the risk of developing and maintaining PTSD [16]. Scott and colleagues 

conducted a meta-analysis of neurocognitive functioning in PTSD, and reported medium 

effect sizes (>.45) for impairment in various domains (verbal learning, speed of information 

processing, attention/working memory, and verbal memory) [17]. Compared to those with 

a history of mTBI only, PTSD and depression may be associated with more persistent 

cognitive difficulties [18]. Furthermore, PTSD is a potential risk factor for dementia later 

in life [19], whereas the findings are mixed regarding the association between TBI and 

dementia [20].

Thus, TBI and comorbid PTSD among Service Members is a significant health challenge as 

they have a complex set of symptoms and features with significant overlap (e.g., impaired 

attention, memory, executive functioning [3]; sleep disturbance and pain [21]; depression, 

anxiety, fatigue, irritability, anger and hyperarousal [22]). Many studies indicate that the 

neuropsychological profile of comorbid TBI and PTSD is worse than that of either one 

alone [3]. Although many military personnel who have mTBI and/or PTSD will recover to 

normal functioning, a large proportion still require medical or other intervention [13]. Even 

in isolation, the diagnosis and treatment of these conditions is complicated and depends 

heavily on subjective reporting of symptoms, but clinical care and diagnosis are additionally 

challenging and complex when TBI and PTSD co-occur [1, 23]. Thus, methods that can 

account for the role of both TBI and psychiatric comorbidities in functional outcomes may 

provide more effective diagnostic and treatment options.
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Recently, latent profile analysis (LPA) has been used to identify latent or unobserved 

clusters in TBI and PTSD clinical data [24] and has demonstrated the utility of identifying 

performance and symptom profiles. Using latent class analysis (LCA), similar to LPA but 

for categorical indicators, Jaramillo and colleagues identified distinct symptom classes that 

were associated with patient groups (TBI, PTSD, Depression, or combination of diagnosis) 

[25]. Further, symptom classes differentiated patient subgroups; more TBI patients were 

represented in Moderate and High Distress Groups, while PTSD and depression were 

more likely in the Behavioral Health and High Distress symptom profiles. Additionally, 

the High Distress group also had the highest proportion of TBI with a combination of 

PTSD and depression. Furthermore, LCA has been used to show which postconcussion 

symptom profiles in individuals with mTBI may be associated with protracted recovery and 

long-term endorsement of postconcussion symptoms [26]. Another LPA study of former 

National Football League players found five distinct profiles of self-reported functioning, 

related to neurobehavioral, physical and psychosocial functioning [27]. Given the difficulty 

in determining management strategies and prognosis for individuals with a history of 

mTBI, current PTSD, and mTBI+PTSD, using advanced statistical techniques to identify 

profiles representing symptom and cognitive performance impairments, regardless of clinical 

diagnostic classification, may enable identification of more effective treatment targets in 

these patients.

In the current study, LPA was used to determine whether self-report symptoms on 

psychological measures and performance on neuropsychological tests clustered individuals 

into classes and whether these classes represented predefined diagnostic characteristics 

(i.e., mTBI, PTSD, mTBI+PTSD or orthopedic injury controls) in Active-Duty Service 

Members. We first predicted that the measures included in the current study would separate 

individuals into classes representing psychological symptoms, cognitive symptoms, and 

normal functioning. Second, we expected that military personnel with mTBI or mTBI and 

comorbid PTSD would be represented in both the cognitive and psychological symptom 

classes, PTSD would be more represented in the psychological symptoms class.

Methods

Participants

Participants (N = 209; 186 males, 23 females) were Active-Duty U.S. Service Members 

recruited at a large military treatment facility following an initial chart review to determine 

eligibility. The study consisted of three demographically-comparable groups including 

mTBI, PTSD, and orthopedic injury controls being treated in their respective clinics (Table 

1). All participants exceeded the standard threshold for the Test of Memory Malingering 

(TOMM; >45 for Trial 1). As anticipated in this active-duty Service Member population, 

participants had Wide Range Achievement Test-version 4 (WRAT-4) Word Reading scores 

in the average to high-average range (mean = 98.4, SD = 10.5) and were presumed to be 

functionally within normal limits. This research was approved and monitored by the local 

hospital IRB and Human Research Protection Office (HRPO) at the U.S. Army Medical 

Department Medical Research and Materiel Command (USAMRMC). After explanation of 
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the research (including aims, risks, and benefits), each participant provided written informed 

consent.

mTBI Participants—mTBI participants (n = 126) were Active-Duty Service Members 

who took part in a large cognitive rehabilitation clinical trial study (Study of Cognitive 

Rehabilitation Effectiveness (SCORE!) [28]. The diagnosis of mTBI was made using 

Veteran Affairs (VA)/Department of Defense Clinical Practice Guidelines [29] following 

a screening interview and medical record review by experienced TBI and Concussion 

Center medical staff. Furthermore, each participant was required to have persistent cognitive 

symptoms, defined as a Neurobehavioral Symptom Inventory (NSI) score of 3 or higher 

on any of the four cognitive symptoms [28]. Furthermore, participants were included if 

they were 18–55 years old, sustained a closed head injury during deployment (OEF/OIF/

Operation New Dawn [OND]) activities 3–24 months prior to recruitment, and were fluent 

in English. Given that mTBI often coexists with PTSD, we further classified our mTBI 

group into mTBI with potential comorbid PTSD using the Posttraumatic Stress Disorder 

Checklist – Military Version (PCL-M) cut-off score of >45 [30–32]. This resulted in a 

mTBI-only group (n = 56; PCL-M: M = 33.8, SD = 7.1) and mTBI with PTSD group (n = 

70; PCL-M: M = 60.5, SD = 10.3).

PTSD Participants—PTSD participants (n = 23) included Active-Duty Service Members 

recruited through the hospital Behavioral Health Clinic. Potential participants underwent a 

screening interview and medical record review and were excluded if they had a lifetime 

history of TBI. PTSD participants were required to have a deployment-related Clinician 

Administered PTSD Scale (CAPS; DSM-IV criteria) confirmed diagnosis of PTSD at the 

time of data collection. Given that TBI inclusion criteria required that the injury occurred 

during deployment, PTSD trauma exposure must also have occurred during this time. PTSD 

participants were selected using similar inclusion criteria including age range, deployment 

history, and English fluency.

Orthopedic Participants—Orthopedic injury controls (n = 60) were Active-Duty Service 

Members recruited through the hospital Orthopedic Clinic. Orthopedic injury was defined 

as a joint injury, typically in the extremity. Potential participants underwent a screening 

interview and medical record review and were excluded if they had a lifetime history 

of TBI and/or a PTSD diagnosis according to the standardized CAPS (DSM-IV criteria). 

Orthopedic injury control participants had the same inclusion criteria as above.

Across groups, participants were excluded if they had neurologic comorbidities (i.e., 

seizures, psychosis), history of moderate/severe TBI, spinal cord injury, were on scheduled 

narcotic pain medications, or unable to use their dominant hand. As participants also 

completed a neuroimaging battery that is not reported in the current study, participants with 

abnormal MRI findings were also excluded and referred for appropriate evaluation. Attempts 

were made to include patients in each group such that the groups would be similar in age, 

rank, and sex distribution.
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Measures

Demographic, Clinical, and Cognitive Variables—Participants meeting inclusion 

criteria were surveyed for demographic information (e.g., age, sex, number of deployments, 

etc.) and injury history (e.g., time since injury, loss/alteration of consciousness, post-

traumatic amnesia, etc.) if applicable (Table 1). Participants completed self-report 

psychological questionnaires including the Alcohol Use Disorder Identification Test 

(AUDIT), NSI, PCL-M, and the Depression and Anxiety subscales from the Symptom 

Checklist-90 (SCL-90). Technician-administered assessments were used to assess cognitive 

performance: memory: Total Recall, Short Delay Free Recall, Long Delay Free Recall and 

Recognition Hits from the California Verbal Learning Test-II (CVLT-II); verbal fluency: 

Delis-Kaplan Executive Function System (D-KEFS Category and Letter Fluency subtests); 

attention: Paced Auditory Serial Addition Test (PASAT); executive function: time to 

complete Trail Making Test Part B minus Part A (TMT B-A); working memory and 
processing speed: Working Memory Index and Processing Speed Indices from the Wechsler 

Adult Intelligence Scale-IV (WAIS-IV); and performance validity indicators: TOMM. Mean 

self-report scores or mean performance for each group are included in Supplemental Table 

1. Reaction time (i.e., TMT B-A) and self-report measures were reflected at the model 

interpretation stage so that higher scores reflected better performance or fewer symptoms.

Statistical Approach—LPA using maximum likelihood parameter estimates with robust 

standard errors was completed in MPlus 7.3 using the 15 cognitive and psychological test 

scores as indicators. N=1000 random starts was used to replicate the best log-likelihood 

and ensure the global solutions. To identify the best fitting model, a series of LPA models 

with different numbers of profiles were performed until the best log-likelihood for the k+1 

profile could not be replicated, or the model failed to converge. Models were then compared 

iteratively based on the following heuristics which were used to guide model selection 

(i.e., optimal symptom clusters): (1) lower information criterion values (Akaike Information 

Criterion [AIC], Bayesian Information Criterion [BIC] values, and sample-size adjusted BIC 

values [SABIC]) indicating a better model fit; (2) Lo-Mendell-Rubin Likelihood [LMR] [33] 

test value and Bootstrapped Likelihood Ratio Test [BLRT] [34] where a smaller p value 

(e.g., p < .05) for LMR and BLRT tests indicate a better model fit of the k profile model 

compared to the k-1 profile model [24, 35]; (3) higher entropy values close to 1 indicate 

an excellent classification of subjects into its corresponding latent classes with a cut-off of 

0.80 or higher [36]; (4) conceptual meaning based on comparison of standardized means; 

and (5) size of the smallest derived profile (as profiles constituting less than 5% of the 

sample considered likely to over-fit the data). Although it is recommended to report various 

fit indices, BIC and BLRT are the best indices in determining the number of classes across 

various models, with lower BIC and a significant (p < .05) BLRT indicating a better fit 

of k profiles model than k-1 profiles model [37]. When deciding the final model, besides 

statistical fit indices, model parsimony, clinical meaningfulness, and profile size are also 

considered. For instance, if an additional profile in k profiles model adds no substantial new 

information from the prior k-1 profiles solution [38], the new profile would not be retained.

Post-estimation provided information on the proportion of mTBI, PTSD, mTBI+PTSD and 

orthopedic injury controls for each of the identified classes. One-way ANOVA models 

Esopenko et al. Page 6

J Head Trauma Rehabil. Author manuscript; available in PMC 2023 April 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with class membership as the between-subjects variable were used to assess separation 

between classes. Significant ANOVAs were followed with Tukey’s HSD post-hoc tests to 

determine significant differences between classes (p < 0.05). After the best fit model was 

identified, two neuropsychologists (D.F.T. and E.A.W) who were blinded to participant 

representation (i.e., clinical diagnosis of mTBI, PTSD, or mTBI+PTSD) within each class, 

assigned semantic labels to each class profile (e.g., cognitive symptoms, psychological 

symptoms) based on test scores for each indicator within a class. For example, a class with 

normal cognitive function but high psychological symptoms was labelled “Psychological 

Symptoms” class. Thus, class labels were determined using a data driven analytical 

approach, not based on prior knowledge of clinical diagnostic classification.

Results

Class Determination

The cognitive and psychological indicator variables were fit into latent profile models with 

k=2 to 5 classes. A model with 5 classes fit the data best among all models. The 5-class 

model minimized the log-likelihood value, AIC, BIC and SABIC relative to the 2–4-class 

models (Table 2). The BLRT demonstrated that the 5-class model performed significantly 

better than the other models. While the LMR for the 5-class model was not significant, the 

entropy values were well above the .8 threshold and were relatively stable for all k-class 

models up to k=5. An examination of the model fit statistics and conceptual meaning 

indicated that a fifth class was well differentiated from the other classes (Table 2). One-way 

ANOVAs comparing class membership for the 5-class model demonstrated good separation 

between the classes on all indicators (p<0.05) except for the AUDIT (p=0.052).

Standardized means for the psychological symptoms or neuropsychological performance 

were used to categorize the 5 distinct classes into: 1) High Functioning, 2) Normal Cognitive 

and Psychological Functioning, 3) Cognitive Symptoms, 4) Psychological Symptoms, and 5) 

Combined Cognitive and Psychological Symptoms (Figure 1).

The standardized means for the psychological or cognitive indicators for each class 

are presented in Figure 2. As expected, the high functioning group performed well 

on most psychological and cognitive indicators (Figure 2). The normal cognitive and 

psychological functioning group also performed well on all psychological and cognitive 

indicators but reported more psychological symptoms than the high functioning group. 

The cognitive symptoms group showed primarily poor cognitive performance but relatively 

intact psychological functioning, while the psychological symptoms group showed worse 

psychological functioning but intact cognitive performance. The combined cognitive and 

psychological symptoms group demonstrated both worse psychological functioning and 

cognitive performance.

Diagnostic Category Prediction

We next determined how the class assignments differed based on diagnostic classifications. 

Figure 3, panel A shows how participants from each diagnostic category were distributed to 

each class. Most of the orthopedic injury controls were classified in the high or normal 
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functioning group, with ~10% classified in the cognitive symptoms and psychological 

symptoms groups (Figure 3 panel b). Participants with PTSD were represented in four 

classes, with the majority represented in the psychological symptoms group followed 

by normal functioning, combined cognitive and psychological symptoms, and cognitive 

symptoms groups. Military personnel with mTBI were classified in the high and normal 

functioning groups, with ~30% in the cognitive symptoms group. Those with comorbid 

mTBI+PTSD had high representation in all dysfunction groups with 24.3% in the cognitive 

symptoms group, 28.6% in the psychological symptoms group, and 25.7% in the combined 

cognitive and psychological symptoms group, with the remainder in the normal functioning 

group.

Discussion

Given the heterogeneity of outcomes associated with mTBI, as well as overlapping 

impairments in cognitive and psychological functioning in patients diagnosed with either 

mTBI or PTSD, it is often difficult to develop sensitive diagnostic techniques and efficacious 

rehabilitation strategies. Further complicating this picture, many military personnel who 

experience mTBI in combat also develop comorbid PTSD, which requires more complex 

treatment strategies. However, diagnosis and TBI treatment strategies, particularly for mTBI 

and comorbid PTSD, are difficult to implement and frequently ineffective [1, 23, 39–41], 

likely due to the heterogeneity in mTBI outcomes, patient characteristics, symptom profiles, 

and cognitive symptoms or overlapping symptom profiles occurring across diagnostic 

groups [3, 21, 42, 43]. Thus, using advanced analytical techniques to identify specific 

psychological symptom and cognitive performance profiles may be more effective than 

relying on clinical diagnosis classification alone.

We sought to determine whether self-report psychological symptoms and cognitive 

performance indicators regardless of diagnostic classifiers (e.g., mTBI, PTSD, 

mTBI+PTSD) clustered in distinct psychological and cognitive profiles. We then examined 

whether the symptom and performance profiles were representative of each diagnostic 

group, or whether there were overlapping symptom and performance clusters across groups. 

We found that a 5-class model best represented the psychological symptom and cognitive 

performance data. The classes differentiated five specific profiles characterizing high and 

normal functioning, primary cognitive symptoms, primary psychological symptoms, and 

combined cognitive and psychological symptoms. The high and normal functioning group 

included the largest proportion of participants which was mainly represented by orthopedic 

injury controls. The cognitive symptoms group included the next highest proportion of the 

sample, and mainly included participants with mTBI and mTBI with comorbid PTSD. Both 

the combined cognitive and psychological symptoms and psychological symptoms groups 

included the smallest proportion of the sample, but mainly consisted of participants with 

PTSD and mTBI with comorbid PTSD. Although we had predicted that the symptom and 

performance indicators would result in three clusters, we did not expect a differentiation 

between high and normal functioning, or the mTBI with comorbid PTSD resulting in an 

additional cluster with lower cognitive and psychological functioning.
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In general, the cognitive and psychological outcome profiles differentiated participants 

as would be expected based on their diagnostic classifications. Specifically, participants 

with PTSD had the highest proportion of representation in the psychological symptoms 

and combined psychological and cognitive symptoms classes, while the majority of mTBI 

participants showed normal to high function with ~30% showing cognitive symptoms. 

Complicating this picture, however, military personnel with mTBI and comorbid PTSD were 

dispersed across the symptom classes, with high representation in the combined cognitive 

and psychological symptoms group, but a similar proportion also represented in the normal 

functioning group. This supports the notion that although treatment can be developed and 

implemented based on diagnostic labels, we must be aware that even within a patient 

group, individuals show differences in degrees of cognitive symptoms and psychological 

symptoms. The history of a brain injury alone cannot reliably predict outcome, although 

it may be one of many factors that may contribute to a given psychological and cognitive 

presentation. Moreover, these results demonstrate why it is often more complex and difficult 

to develop effective treatment strategies for mTBI with comorbid PTSD, as they can show 

a range of functional impairment. However, it should be noted that military personnel with 

mTBI were classified in the cognitive symptoms group, but also represented ~70% of the 

normal and high functioning groups. Thus, these results suggest that the majority of mTBI 

patients are resilient to neurotrauma and may not manifest persistent symptoms, albeit the 

current findings reflect psychological and cognitive functioning within the chronic phase 

of recovery (3–24 months post-injury for the mTBI group), whereas this may not reflect 

findings in a more acute post-injury setting.

Potential clinical implications.

While many individuals who sustain mTBI appear to recover rapidly and well, a 

subset of individuals demonstrate a prolonged recovery course, which indicate the need 

for personalized intervention. As previously discussed, treatment of mTBI, PTSD, and 

mTBI+PTSD is complex, and unfortunately, many generalized treatment approaches for 

mTBI are often not successful [39–41]. The current findings highlight the importance of 

assessing factors that may complicate recovery and treatment, such as the comorbid presence 

of mTBI and PTSD and possibly other factors that were not the focus of this study. Patients 

may present for evaluation following a known history of mTBI, without recognition that 

the response to the traumatic nature of the injury may also contribute to recovery. Given 

that there is a high degree of overlap between PTSD and mTBI in terms of cognitive 

and psychological sequelae, co-occurrence of these conditions may serve to exacerbate and 

prolong the effects of either one alone [44].

As expected, the psychological symptoms group was mainly composed of those who were 

diagnosed with PTSD, either singly or in combination with mTBI. Thus, appropriate 

diagnosis of PTSD may serve to identify effective psychotherapeutic interventions and 

guide more accurate prognosis. Serial assessment of treatment response in this comorbid 

mTBI+PTSD group (and identification of which treatments were provided) would lead to 

improved understanding of effective interventions for these individuals. Also of interest, 

however, is that the diagnostic categories with participants with a history of mTBI had 
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the highest proportion of cognitive symptoms (mTBI followed by mTBI+PTSD), which is 

expected given that mTBI is a neurological injury that affects cognitive functioning.

The findings also illustrate that absence of a history of mTBI or PTSD may not fully 

protect against cognitive impairment, as a small group of orthopedically injured participants 

also demonstrated cognitive deficits and psychological symptoms on assessment. A number 

of non-neurologic factors may contribute to cognitive dysfunction in this group, such as 

sleep quality [45], chronic pain [46–49], medication [50, 51] and/or substance use [52, 

53], and potentially other comorbid medical conditions such as sleep apnea [54, 55]. Such 

individuals would benefit from a personalized assessment to identify individual factors that 

may contribute to cognitive dysfunction, with the aim of providing targeted interventions to 

ameliorate their effects.

Limitations.

Although our data provide valuable insight into the benefits of using symptoms and 

cognitive performance profiles and how these profiles are associated with participant 

diagnostic groups, there are some limitations that need to be considered. First, mTBI with 

comorbid PTSD was not diagnosed prior to study enrollment. Instead, cut-off scores on the 

PCL-M were used to define this group. As this is a self-report measure, the outcomes on the 

PCL-M may not match clinician-confirmed diagnoses. Second, there were unequal sample 

sizes within each of the diagnostic classification groups. Although we used proportions to 

represent groups within symptom and performance clusters, these results must be confirmed 

in studies with larger sample sizes and matched groups. Third, the mTBI participants 

enrolled in this study may not be representative of all individuals with a history of mTBI, as 

presence of cognitive complaints was a requirement for study participation. Finally, although 

our sample of female Veterans is consistent with the proportion of women deployed to 

combat, with such a small sample in the study we cannot account for the effect of sex in 

these results.

Conclusion

Findings from this study demonstrated that although mTBI, PTSD, and mTBI+PTSD 

diagnostic categories may be helpful in prediction of symptom presentation severity and 

cognitive and functional performance, there are areas of symptom overlap which can 

complicate treatment effectiveness. These overlapping symptoms and performance clusters 

also provide support for why it may be difficult to diagnose and treat mTBI, PTSD, and 

mTBI with comorbid PTSD. Furthermore, these results argue for the importance of patient-

centered treatment strategies and multidisciplinary coordinated care, and that regardless of 

diagnostic classification, cognitive and psychological functional abilities must be considered 

when evaluating treatment outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Standardized means plotted for the individual psychological and cognitive indicators 
for each class.
Tests are presented such that higher standardized means represent fewer symptoms/better 

performance. Psychological Indicators: AUDIT = Alcohol Use Disorder Identification 

Test; NSI = Neurobehavioral Symptom Inventory; PCL-M = Posttraumatic stress disorder 

Checklist – Military Version; Depression = Symptom Checklist-90 (SCL-90) Depression 

subscale; Anxiety = SCL-90 Anxiety Subscale; Cognitive Indicators: Total Recall = 

California Verbal Learning Test-II (CVLT-II) total recall; Short Delay = CVLT-II short delay 

free recall; Long Delay = CVLT-II long delay free recall; Recog Hits = CVLT-II recognition 

hits; Cat Fluency = Delis-Kaplan Executive Function System (D-KEFS) category fluency; 

Lett Fluency = D-KEFS Letter Fluency; PASAT = Paced auditory serial addition test; TMT 

B-A = Trail Making Test Part B minus Part A; Proc speed = Wechsler Adult Intelligence 

Scale-IV (WAIS-IV) – Processing Speed Index; Work Mem = WAIS-IV Working Memory 

Index.
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Figure 2. Standardized means collapsed across the psychological and cognitive indicators for 
each class.
The high functioning (34.0% of the overall sample; n = 71) and normal functioning (21.5%; 

n = 45) groups performed well across all psychological and cognitive indicators. The 

cognitive symptoms group (19.1%; n = 40) showed primarily poor cognitive performance 

but relatively intact psychological functioning, while the psychological symptoms group 

(15.3%; n = 32) showed worse psychological functioning but intact cognitive performance. 

The combined cognitive and psychological symptoms group (10.0%; n = 21) demonstrated 

both worse psychological functioning and cognitive performance.
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Figure 3. Class assignments for each diagnostic category.
Panel A. Distribution of participants from each diagnostic category to each class. The LPA 

sorted participants based on psychological symptom and cognitive performance indicators. 

Left side of panel shows the diagnostic group, right side of panel shows the class. The 

thickness of each line between diagnostic group and class represents number of participants 

(thicker line = more participants). Panel B. The percentage of class assignments for each 

diagnostic classification. While each diagnostic classification was primarily represented 

by one of the classes (e.g., Combined Cognitive/ Psychological Symptoms class for 

comorbid mild traumatic brain injury and post-traumatic stress disorder (mTBI+PTSD), 

High Functioning class for the orthopedic injury controls (OI Control)), the same diagnostic 

classification was represented by multiple classes, demonstrating heterogeneity of symptom 

presentation. mTBI = mild traumatic brain injury only; PTSD = post-traumatic stress 

disorder only.
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Table 1

Demographic Characteristics

All OI Control PTSD mTBI mTBI+PTSD

N 209 60 23 56 70

Age 33.8 (8.8) 37.4 (7.3) 37.9 (6.2) 29.2 (7.3) 33.0 (10.0)

Sex (Male/Female) 186 / 23 48 / 12 21 / 2 53 / 3 64 / 6

Race

White 148 [70.8%] 38 [63.3%] 13 [56.5%] 46 [82.1%] 51 [72.9%]

Black or African-American 33 [15.8%] 18 [30.0%] 4 [17.4%] 4 [7.1%] 7 [10.0%]

American Indian or Alaska Native 2 [1.0%] 0 [0.0%] 0 [0.0%] 2 [3.6%] 0 [0.0%]

Native Hawaiian or Other Pacific Islander 4 [1.9%] 1 [1.7%] 0 [0.0%] 0 [0.0%] 3 [4.3%]

Asian 5 [2.4%] 1 [1.7%] 3 [13.0%] 0 [0.0%] 1 [1.4%]

More than one race 17 [8.1%] 2 [3.3%] 3 [13.0%] 4 [7.1%] 8 [11.4%]

Ethnicity

Hispanic or Latino 59 [28.2%] 13 [21.7%] 10 [43.5%] 16 [28.6%] 20 [28.6%]

Not Hispanic or Latino 150 [71.8%] 47 [78.3%] 13 [56.5%] 40 [71.4%] 50 [71.4%]

Education

High School Diploma 98 [46.9%] 15 [25.0%] 8 [34.8%] 41 [73.2%] 34 [48.6%]

GED 7 [3.3%] 0 [0.0%] 0 [0.0%] 1 [1.8%] 6 [8.6%]

Associates Degree 43 [20.6%] 13 [21.7%] 5 [21.7%] 12 [21.4%] 13 [18.6%]

College Degree (BA/BS) 34 [16.3%] 16 [26.7%] 6 [26.1%] 2 [3.6%] 10 [14.3%]

Post Graduate Degree 27 [12.9%] 16 [26.7%] 4 [17.4%] 0 [0.0%] 7 [10.0%]

Years of Military Service 11.9 (7.9) 15.7 (6.7) 15.0 (6.2) 7.5 (6.5) 11.2 (8.4)

Number of Deployments 1.9 (1.0) 2.0 (0.9) 2.1 (1.3) 1.8 (1.0) 1.9 (1.0)

PTSD Checklist – Military Version 43.8 (18.4) 27.2 (12.4) 60.9 (11.5) 33.8 (7.1) 60.5 (10.3)

Mechanism of Injury

Blast - - - 42 [75.0%] 38 [54.3%]

Vehicular - - - 1 [1.8%] 8 [11.4%]

Fall - - - 6 [10.7%] 6 [8.6%]

Other - - - 7 [12.5%] 18 [25.7%]

Number of Prior TBI Reported - - - 2.0 (3.5) 3.9 (6.2)

Time Since Injury (Months)

High Functioning - - - 9.0 (5.4) -

Normal Functioning - - - 12.5 (7.1) 9.1 (4.5)

Psychological Symptoms - - - - 9.9 (6.3)

Cognitive Symptoms - - - 9.7 (4.8) 7.4 (4.7)

Combined Cognitive / Psychological Symptoms - - - - 12.0 (5.4)

Loss of Consciousness

High Functioning - - - 13 [54.2%]* -

Normal Functioning - - - 4 [26.7%]* 5 [33.3%]*

Psychological Symptoms - - - - 10 [50.0%]*
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All OI Control PTSD mTBI mTBI+PTSD

Cognitive Symptoms - - - 7 [41.2%]* 6 [35.3%]*

Combined Cognitive / Psychological Symptoms - - - - 11 [61.1%]*

Post-Traumatic Amnesia

High Functioning - - - 3 [12.5%]* -

Normal Functioning - - - 2 [13.3%]* 2 [13.3%]*

Psychological Symptoms - - - - 0 [0.0%]*

Cognitive Symptoms - - - 0 [0.0%]* 2 [11.8%]*

Combined Cognitive / Psychological Symptoms - - - - 6 [33.3%]*

Note: Mean with standard deviation in parentheses. Frequency with percentage in square brackets.

*
Percentage of diagnostic group within symptom class. One OI control was missing data for deployments. Three participants (2 mTBI and 1 

mTBI+PTSD) had missing data for number of prior TBI and one mTBI participant reported multiple prior TBIs but did not quantify the number. 
One mTBI+PTSD had missing data for loss of consciousness. Two mTBI participants had missing data for post-traumatic amnesia. Time since 
injury did not differ between mTBI and mTBI+PTSD groups or between classes.
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Table 2

Model Fit Statistics for Latent Profile Analysis Models

Classes Loglikelihood AIC BIC SABIC BLRT pBLRT LMR pLMR Entropy

2 −9995.52 20083.04 20236.79 20091.04 796.14 <0.001 786.94 0.006 0.92

3 −9853.76 19831.53 20038.75 19842.30 283.52 <0.001 280.24 0.205 0.90

4 −9744.99 19645.97 19906.68 19659.53 217.55 <0.001 215.04 0.071 0.93

5 −9650.68 19489.35 19803.53 19505.69 188.62 <0.001 186.44 0.212 0.94

Note: Lower values of AIC, BIC, SABIC are evidence of a better fitting model.

pBLRT < .05 indicates that the k-class model is a better fit to the data than the k-1 class model.

pLMR small p-values indicate that the k-class model fits better to data than the k-1 class model.

Entropy value close to 1 indicates excellent classification of subjects into latent classes.
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