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Abstract 
 
Traumatic events such as direct or indirect exposure to serious injury or situations inciting strong 

fear response have been shown to result in mental disorders that are complex to diagnose, 

prognosticate, and treat. Neuropsychiatric sequelae following head injuries, including post 

concussive syndrome (PCS) and post-traumatic stress disorder (PTSD) are particularly challenging 

because of overlapping symptoms and the profound nature of the injury itself. This work aims to 

elucidate the similarities and differences between PCS and PTSD, two common sequelae following 

traumatic brain injury, using an emerging framework (Research Domain Criteria – RDoC) for 

understanding mental health disorders, and better characterize the mechanisms leading to 

psychiatric illness as a result of neurotrauma. The application of RDoC is demonstrated using 

analyses of clinical data from the Alzheimer's Disease Neuroinitiative. This analysis involves 

identification of subtle symptom variants for differentiating sequelae when clinical prognosis is 

uncertain based self-reported symptoms. In addition to specific self-reported symptoms, features 

in positron emission tomography and diffusion tensor imaging are also identified. These results 

are further supplemented by identification of brain structures associated with self-reported 

symptoms using imaging data. Overall, this project demonstrates the application of RDoC to better 

characterize PCS and PTSD, which would potentially allow for more effective treatment and 

management of these disorders. 
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1. Introduction 

Neuropsychiatric disorders are the leading contributor of disability adjusted life years, a 

method of measuring the burden of a disease calculated by “adding the number of years of life lost 

to the number of years lived with disability for a certain disease or disorder”1. Neuropsychiatric 

disorders are also a greater source of this burden than other chronic diseases such as heart disease 

and cancer because they often result in long term disability rather than death1. Traumatic 

experiences can result in neuropsychiatric outcomes or sequelae with a lasting effect on a person’s 

overall health, and the sequelae that occur vary from patient to patient, presenting a need for greater 

understanding of these outcomes. These experiences might be physical such as a traumatic brain 

injury, emotional, or a combination of both types of components. Given that neuropsychiatric and 

neuropsychological outcomes vary from person to person, their diagnosis, prognostication, and 

treatment are highly complex. Two possible neuropsychiatric sequelae that can result from 

physical events such as traumatic brain injury are post concussive syndrome (PCS) and post-

traumatic stress disorder (PTSD). PCS and PTSD have overlapping symptoms, including those 

that might occur without a head injury such as anxiety and major depression. This symptom 

overlap can lead to misdiagnosis of PCS and PTSD. 2 Additionally, existing methods of classifying 

neuropsychiatric disorders address only the symptoms, without acknowledging the underlying 

biological mechanisms, resulting in less than care. Thus, there is a need for a framework to better 

understand and classify all potential symptoms as well as characterize their components at multiple 

levels. This work applies the Research Domain Criteria framework, developed by the National 

Institute of Mental Health in 2009 to supplement the Diagnostic Statistical Manual of Mental 

Disorders (DSM) and International Classification of Diseases (ICD) in order to achieve such 

greater understanding 3. 
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1.1 Research Objective 

This work aims to improve the understanding of post concussive syndrome and post-traumatic 

stress disorder, two sequelae that may occur as a result of a traumatic brain injury. Specifically, 

this work aims to identify differences in expressed symptoms associated with PCS and PTSD as 

well as elucidate underlying pathophysiological mechanisms to inform potential interventions. 

This is accomplished by applying the research domain criteria framework for categorization and 

characterization of various symptoms as well as physiological mechanisms. Results from this work 

justify, in part, why different interventions may be necessary for the treatment of the same 

symptom in different disorders.  
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2. Background 
 
2.1 Traumatic Brain Injury 
 

Traumatic Brain Injury (TBI) is defined as a head injury event accompanied by one or more of 

loss of consciousness, posttraumatic amnesia, and disorientation or confusion. 45. Annually, around 

1.5 million Americans are estimated to sustain a TBI as a result of variety of reasons, including 

injuries in combat, contact sport, motor vehicle collision, or interpersonal violence. Depending on 

the extent of primary injury, debilitating symptoms can last for several months or years. These 

symptoms, which affect more than five million Americans, can present in the form of impaired 

cognitive abilities, sensory disturbances, and abnormal emotional state 6. Two common neurologic 

sequelae of TBI are post concussive syndrome and post-traumatic stress disorder. These can occur 

together or independently. 

The long-term consequences of TBI vary and include decreased cognitive ability such as 

slow memory and inhibited processing ability, disrupted sensory function such as blurred or double 

vision and an increased sensitivity to light and sound, as well as disorders that are seen independent 

of injury in non-TBI patients such as depression and anxiety. The severity of any given TBI is 

classified as mild, moderate, or severe based on the patient’s Glasgow Coma Scale score, length 

of period of lost consciousness, length of period of amnesia, and evidence of other brain pathology. 

The specifics of this classification are presented in Table 1, a table adapted from the Department 

of Veterans Affairs. 7 
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Table 1. TBI Classification (Veteran’s Association) 

Severity Index Mild TBI Moderate TBI Severe TBI 

Neuroimaging Findings Normal structural 

imaging 

Normal or abnormal 

structural imaging 

Normal or abnormal 

structural imaging 

Initial Glasgow Coma 

Scale 

13-15 9-12 < 9 

Loss of Consciousness 0-30 min > 30 min, < 24 hr. > 24 hr. 

Alteration of 

Consciousness 

< 24 hr. > 24 hr. (use other criteria) 

Length of Amnesia < 1 day > 1, < 7 days > 7 days 

 
 Data for diagnosis of neuropsychiatric disorders are often collected from self-reports and 

recorded in an electronic health record. Consequently, the ability to collect reliable data may be 

limited because of the patient’s neurocognitive abilities. Additionally, patients may be fearful to 

report symptoms due to stigma surrounding them. Therefore, the availability of high quality and 

reliable data are critical to effective prognosis of TBI patients. 

 
2.2 Post Concussive Syndrome 
 

While TBI refers explicitly to the acute event in which the brain is injured, post concussive 

syndrome (PCS) refers to the neuropsychiatric sequelae that follow the injury. The Diagnostic 

Statistical Manual of Mental Disorders, (DSM-V), defines PCS as a mild or major neurocognitive 

disorder following TBI and present immediately after the injury as well as long term past the acute 

injury period. This neurocognitive disorder results in difficulty concentrating, reduced executive 

function, loss of emotional control, depressive symptoms, and reduced capability of independence. 

The DSM-V definition acknowledges a comorbidity with post-traumatic stress disorder. 5  
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Symptoms observed as part of post concussive syndrome include depression, anxiety, sleep 

disturbance and daytime sleepiness, irritability and emotional lability, difficulty in concentration 

and attention (working memory problems), slow cognitive processing, fatigue, avoidance 

(alexithymia), memory deficit (declarative memory problems), dizziness and headache, increased 

sensitivity to light and sound, double or blurred vision, apathy. 6–1112 A given symptom may not 

appear in every patient with PCS, convoluting the diagnosis of the disorder. Diagnosis rates of the 

same patient pool were found to vary depending on whether DSM-IV or ICD-10 in a study by 

McCauley et al. that highlights the varied nature of PCS and medicine’s limited understanding of 

how the disorder manifests. 13 

 
2.3 Post Traumatic Stress Disorder 
 

As per the definition in the DSM-V, post-traumatic stress disorder (PTSD) is a condition 

characterized by exposure to a highly traumatic event such as threat of death, great injury, or sexual 

violence. The exposure can be to a person’s self or alternatively witnessing or hearing about 

traumatic events happening to someone the person is close to.  

Symptoms include revisiting the event, either by memory, dream, or flashback with altered 

perception of reality, stress or physiological response to symbolic reminders of the event, 

depression, irritability, avoidance of others, increased vigilance and arousal, difficulty sleeping, 

abuse of alcohol, and inability to concentrate. Using this definition, PTSD is diagnosed when one 

or more of these symptoms persists for one month. An estimated 7.7 million people live with PTSD 

in the U.S. 5,61415 PTSD may occur alongside PCS, and because the two sequelae share a number 

of symptoms, one of the sequelae may go undiagnosed or misdiagnosed. 

McCauley et al discuss the operational difference between PCS in TBI patients. Compared to 

TBI patients who do not develop PCS, patients with PCS are found to have less social support, 



 12 

decreased community integration, and greater rates of depression. This study also identifies the 

flaws in PCS diagnosis, as diagnosis rates using ICD-10 criteria greatly exceed diagnosis rates 

using DSM-IV. 13 This differential diagnosis illustrates the flaws in the existing systems of DSM 

and ICD in identifying all patients with a disorder, setting grounds for a new system in which the 

disorders and their symptoms are more thoroughly examined. 

 
2.4 Research Domain Criteria (RDoC) 
 
2.4.1 Development of RDoC 
 

The Research Domain Criteria (RDoC) framework was developed in order to address a number 

of problems regarding mental health diagnosis as identified by Dr. Insel of the National Institute 

of Mental Health 3. The first of these problems is the heterogeneity of psychiatric conditions 

leading to difficulties differentiating between different disorders and ambiguity in identifying 

appropriate care for patients. Depression, for example, is typically diagnosed when a patient has 

five of nine possible symptoms. This means that two patients diagnosed with depression may only 

have one symptom in common. RDoC seeks to better organize the heterogeneous nature of 

psychiatric disorders in order to help them be more easily treated. A second problem RDoC aims 

to address is that psychiatric disorders have a low response rate to drugs. A third challenge is the 

observation that our understanding of mental disorders is advancing much more slowly than our 

understanding of other fields as evidenced by the fact that mortality has fallen substantially for 

conditions such as cardiovascular disease and leukemia over the last several decades while 

mortality and disability rates due to psychiatric disease are largely unchanged. Finally, existing 

classification systems such as DSM and ICD are not effective in translating knowledge on genetics 

and neuroscience from a research setting to a clinical setting. In spite of these challenges, DSM 

and ICD are considered as standards tools for research proposals and clinical trials. RDoC seeks 
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to create a framework that is better tailored with research in mind, and is intended to be used 

alongside DSM and ICD, and not replace them.3 

2.4.2 Distinction From Existing Systems 

Insel describes several ways in which RDoC is different from existing classification systems, 

while highlighting the need for such a framework. The first is the addition of a translational 

research focus for facilitating effective bridge of information between research and clinical 

settings, and provide researchers a tool to better understand how different neural circuits connect 

to and create different behaviors in patients with mental illness. The framework provides a ground 

to identify what is known and identify areas where more research is needed. RDoC aims to put 

symptoms of psychiatric disorders on a scale to better differentiate levels of severity and moving 

away from the notion that a person strictly does or does not have a condition. Furthermore, RDoC 

seeks to help differentiate characteristics patients with very serious or very mild cases3. 

2.4.3 RdoC Framework Design 

RDoC breaks psychiatric disorders into five domains: negative valence, positive valence, 

cognitive systems, social processes and arousal and regulatory systems in order to better organize 

symptoms that act by similar mechanisms. Within these domains, RDoC breaks disorders down 

further into seven “dimensions”: genes, molecules, cells, circuits, physiology, behaviors, and self-

reports. The negative valence domain relates to psychiatric response to disappointing or frustrating 

circumstance. Constructs within this domain include fearful response to acute threat, vigilant and 

anxious response to a perceived possible threat, exposure to a prolonged and persistent threat, for 

example regular abuse from a family member, loss resulting in deep grief, and frustrative non-

reward, situations in which a benefit for performing certain actions is expected, but not rewarded. 
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Figure 1. – The RDoC Matrix 
 

The positive valence domain constructs are successful reward achievement oriented. 

Constructs included in this domain include initial positive response to reward, long term response 

to reward which leads to habit formation. 

 The cognitive systems domain deals with mental processes. Within this domain are constructs 

related to memory, which can be broken down into current cognitive state and though process 

(working memory) and the storage of new memories for access later (declarative memory). 
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Attention is closely related to working memory. This domain also contains constructs for the 

cognitive processing of stimuli and the production of language. 

 The fourth domain is systems for social processes, dealing with how a person perceives others 

as well as themselves. Constructs within this domain include attachment, how a person views and 

values another. This domain also includes ability to discern social cues like expression and body 

language as well as identify faces. 16 Furthermore, it pertains to a person’s notion as to who they 

are as an individual.  

 The fifth domain, arousal and regulatory systems, deals with response to stimuli, namely 

sympathetic nervous system response to threat, as well as homeostatic maintenance. This domain 

also relates to circadian rhythms and proper sleep or lack thereof. 

 RDoC is further set apart from DSM by its feature of dividing disorders into seven dimensions 

in order to examine them at different levels ranging from genes to behaviors themselves. The 

dimensions include genes, molecules such as neurotransmitters, specific cell types in the brain 

send and receive those transmitters, neural circuits made up of sequences of nerve cells, 

physiological brain processes, exhibited behaviors, and clinical self-reports.17 This work will use 

the molecules and circuits dimensions to compare and contrast the underlying physiological 

mechanisms behind PCS and PTSD.  

2.5 Diagnostic Statistical Manual of Mental Disorders  

The Diagnostic Statistical Manual of Mental Disorders – Fifth Edition (DSM-V) is a prominent 

system of classification of mental disorders. It is used both clinically and as a standard for research 

in mental health. DSM-V provides a taxonomy that includes description of symptoms of a 

particular disorder. These descriptions are rather superficial, consisting of only what can be 
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observed and self-reported by a patient. Imaging features and environmental risk factors are also 

described in some instances. 

DSM-V is notably flawed in that it is poorly compatible with discoveries in genetics and the 

physiological systems associated with psychiatric disorders. These aspects of a disorder are 

important for identifying drug targets, and thus DSM-V fails to facilitate the discovery of new 

therapies. DSM-V highlights that a patient may experience, for example, a disorder with a number 

of symptoms including anxiety, but fails to address whether the brain circuitry underlying that 

anxiety is the same as that underlying anxiety when it is a symptom of a different disorder. 3 

2.6  International Statistical Classification of Diseases 

The International Statistical Classification of Diseases, tenth revision (ICD-10) is another 

taxonomy of disease diagnoses. Developed by the World Health Organization, ICD is primarily a 

tool for billing and administrative purposes does not bring an understanding how or why a disease 

occurs and often less effective for research purposes. 
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3. Methods 

3.1 Application of RDoC Framework 

Symptoms of PCS and PTSD were first identified through extensive literature review. These 

symptoms were sorted based on their nature into one of the five RDoC domains. These are 

Negative Valence Systems, Positive Valence Systems, Cognitive Systems, Social Processes, and 

Arousal and regulatory systems. 

Literature review was also used to identify neurotransmitters and brain circuits associated 

with identified symptoms. Differing mechanisms for the same symptom between PCS and PTSD 

were of particular interest.. Not every symptom appeared in both and thus, identifying when this 

happens was useful in classification. 

 

Figure 2. - Brain Regions Affected by TBI and PTSD 6  
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3.2 Data Sources 

3.2.1 The Alzheimer’s Disease Neuroimaging Initiative 

 Data used in the preparation of thesis was obtained from the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). The ADNI was launched in 2003 as 

a public-private partnership, led by Principal Investigator Michael W. Weiner, MD. As a 

collaborative research study, ADNI is aiming to obtain a better understanding of Alzheimer’s 

Disease through identifying and aggregating biomarkers for the disease in genetic, clinical, 

imaging, and biochemical mediums. The study has three major goals: to identify and track 

Alzheimer’s as early as possible, to advance treatment, and to make collected data open access to 

all researchers. A specific area of interest has been to study the use of multimodal data, including, 

serial magnetic resonance imaging (MRI), positron emission tomography (PET), other biological 

markers, and clinical and neuropsychological assessment to measure the progression of mild 

cognitive impairment (MCI) and early Alzheimer’s disease (AD).  

The DOD ADNI study aims to gain a better understanding of the role of TBI (and its long-

term post concussive symptoms) and PTSD in the development of Alzheimer’s Disorder in 

veterans. While the study focuses on Alzheimer’s, the data collected on clinical self-reports and 

through neuroimaging are useful for comparing the symptoms presented in patients that have had 

a TBI, PTSD, or both. The participants tend to be elderly, over 70 years of age. 

3.2.2 Defining PCS and PTSD 

Using the DOD ADNI dataset, PTSD is defined as a Clinician Administered PTSD Scale 

(CAPS) score of 40 or higher. In an attempt to assess PTSD on a scale, PTSD groups where a 

CAPS score of 30 or higher is recognized as PTSD- and those with a score of 50 or higher as 

PTSD+.  
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PCS is broadly defined as when a patient who had a traumatic brain injury reports that they 

have had less interest in activities due to memory problems, have repeated themselves due to 

memory problems, had trouble learning due to memory problems, forgotten the current month or 

year due to memory problems, has trouble managing finances due to memory problems, has 

trouble remembering appointments due to memory problems, and/or have daily problems with 

thinking or memory, and reports that these problems have worsened since the TBI. A cohort of 

subjects who reported a traumatic brain injury in a phone interview are also assessed. PTSD data 

is obtained from the current CAPS dataset spreadsheet. PCS and TBI data is obtained from the 

mild cognitive impairment phone interview dataset spreadsheet.  Subjects were excluded if they 

did not appear in both either the current CAPS dataset or mild cognitive impairment phone 

interview dataset and in a given self-report or imaging feature dataset. Each group was not 

exclusive, as some subjects had multiple disorders. The total number of subjects was 227, and the 

demographic breakdown of subjects in each group can be found in Table 1.  
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Table 2. Patient Demographics 

Group Subjects With Disorder Subjects Without Disorder 

Count Avg. Age Avg. MMSE Count Avg. Age Avg. MMSE 

PTSD (Standard) 96 68.11 ± 3.67 28.28 ± 1.48 131 69.97 ± 3.67 28.28 ± 1.49 

PTSD  (CAPS 30+) 105 68.17 ± 3.58 28.28 ± 1.49 112 70.06 ± 3.58 28.21 ±1.49 

PTSD  (CAPS 50+) 65 67.71 ± 3.02 28.34 ± 1.33 262 69.76 ± 3.02 28.21 ± 1.33 

PCS 28 68.89 ± 3.42 27.57 ± 2.08 199 69.18 ± 3.42 28.37 ± 2.08 

TBI 88 69.48 ± 4.32 28.14 ± 1.78 139 68.92 ± 4.32 28.35 ± 1.78 

 

3.2.3 Data Pre-processing 

All analyses were performed using R statistical software (“R: The R Project for Statistical 

Computing,”). Duplicate patient visits in one data set were removed and only the first visit was 

included. Patients with no data for a dataset are removed. Patients who had data that was missing 

a value, or the value was unknown, had the value filled with healthy in a self-report.  This means 

that the value in the report is assumed to be under three in self-reports where a three represents 

“consistently a little worse” and four represents “consistently much worse”, with three and four 

being the qualifiers for counting a patient as having a given symptom. In the imaging data, no 

patients had partially missing values, so no values had to be assumed. This is ideal because it is 

difficult to approximate what is considered to be a healthy brain structure size. Screen numbers for 

identifying patients between datasets were not formatted the same way between self-reports and 

imaging datasets, as one was a string containing leading zeros. To make the screen numbers 

compatible for code processing both types of datasets, both types of screen numbers were 

transformed into integers, then into numeric variables to ensure the screen number are formatted 
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consistently. Subjects that are not present in both examined datasets are omitted because subjects 

without data in one of the two sets cannot be used in analysis in finding correlation between the 

two sets. Non integer imaging data were normalized using min-max normalization using the 

following formula in which x is a specific patient value and X is all patient values in a given 

category 19: (x-min(X))/(max(X)-min(X)). 

3.2.4 Statistical Analyses of Self-Reported Symptoms and Imaging Features 

Statistical Analysis was performed on both symptoms reported by patients and features found 

in PET and diffusion tensor imaging. Self-reported items include the everyday cognition 

questionnaire, the clinical neurological exam, and the Pittsburgh sleep quality index. Imaging 

features include size of brain structures in PET imaging, florabetapir uptake in PET imaging and 

diffusivity of diffusion tensors.  

The everyday cognition self-report analysis compares the sequelae to a number of cognitive 

symptoms using a chi squared test. Patients who replied “consistently a little worse” or 

“consistently much worse” were counted as having the symptom of being impaired in the activity. 

The questions are divided into six categories: memory, language, visual spatial, planning, 

organization, and divided attention. Note that the visual spatial skips item “5” in the data set, 

following item 4 with item 6. The items analyzed are from the Everyday Cognition self-report and 

can be found in Table 3 in the appendix. 

In order to examine expected a contrast in symptom profiles of PCS and PTSD found in the 

literature review, analysis of sequelae correlation with the neurological exam compares the 

sequelae to two symptoms chosen from a neurological exam, significant visual impairment and 

significant auditory impairment. The items tested are obtained from the Neurological Exam dataset 

and are found in Table 2. 
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Expected exclusivity of daytime sleepiness to PCS is assessed through analysis of sequelae 

correlation with Pittsburgh Sleep Quality Index, comparing the sequelae to sleep related symptoms 

using a chi squared test. This self-report was chosen because while PCS and PTSD both have sleep 

difficulty symptoms, their nature does not seem to be the same in the literature review. Seven hours 

is considered “sufficient” sleep for item two as recommended by the Mayo Clinic and this number 

is used as a threshold for determining if a subject is getting sufficient sleep. Items analyzed can be 

found in table 4. 

In order to assess differences in brain structure in patients with PTSD vs. PCS, analysis of 

sequelae correlation with PET imaging observations compares the sequelae to features measured 

in PET imaging using a Kruskal-Wallis test. Comparisons of disorder status to both Florbetapir 

(AV 45) uptake and the volume of the structure in square millimeters are made. Structure sizes are 

estimated using PET as well as magnetic resonance imaging. Florbetapir is a molecule used in 

positron emission tomography imaging which binds to the amyloid-beta protein. Amyloid-beta 

protein buildup causes Alzheimer’s disease. Thirteen Structures are used selected because of their 

relation to symptoms in literature. All except Anterior Cingulate Cortex and Posterior Cingulate 

Cortex exist as left and right hemisphere values and are summed in this work. Items analyzed can 

be found in table 5. 
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Figure 3. - Sample PET brain cross section image (left) and sample DT brain cross section image 

(right) (“ADNI | Alzheimer’s Disease Neuroimaging Initiative”) 

Further investigation of sequelae effect on brain structure is conducted through the analysis 

of sequelae correlation with diffusion tensor imaging observations compares the sequelae to 

diffusivity in a white matter tract diffusion tensor image using a Kruskal-Wallis test. Left and 

right structures, when available, are analyzed independently because a tensor is a pathway rather 

than an acting structure. Items analyzed can be found in table 4. 

With interest in identifying specific brain structures playing a role in causing symptoms 

observed in the first analysis, the analysis of cognitive symptom correlation with PET imaging 

observations compares the structures in anlysis four to the symptoms in analysis one. It does not 

address PTSD or PCS but rather aims to accomplish the RDoC goal of connecting symptoms to 

specific biological structures. Items analyzed can be found in table 7. 

A Chi-squared test was used to assess significant correlation between status of having one of 

the disorders of PCS, PTSD, or TBI and having a given self-reported symptom. A p-value 

threshold of .05 is used. A Kruskal-Wallis test is used to assess significant correlation between 
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status of having PCS, PTSD, or TBI and the value of a numerical imaging feature. A p-value 

threshold of 0.05 is used. 
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4 Results 
 
 Two major results that emerged from this work include, (1) a classification of symptoms of 

PCS and PTSD identified using literature review into RDoC domain and (2) statistical analyses of 

self-reported data and imaging data in order to validate classification. 

4.1 RDoC Classification of PCS Symptomology 
 
 The classification of the symptoms of PCS and PTSD can be found in Table 8 in the Appendix. 

Symptoms assessed fall within five domains as presented in Table 3. These symptoms are 

documented to occur in patients with PCS, PTSD, or both. 

Table 3. Symptoms of Five RDoC Domains 
Negative Valence depression, anxiety, emotional lability 
Positive Valence substance abuse, decreased response to reward 
Cognitive Systems altered working and declarative memory, slow processing, sensory 

disruption, cognitive fatigue 
Social Processes Aggression toward self or others, avoidance, emotional outburst 
Arousal and 
Regulatory 

Headache, difficulty sleeping, hypervigilance, daytime sleepiness 

 
  
4.1.1 Negative Valence Domain 

The symptoms of PCS relating to fear and loss under the negative valence domain include 

depression, anxiety, and emotional lability. Depression rates in concussive patients are 15-42% 

greater than the general population. 21 The condition relates to the negative valence constructs of 

loss and frustrative non-reward. In the case of depression, loss pertains to the conscious loss of 

cognitive ability, resulting in frustration in one’s health state, as well as the physiological loss of 

neurotransmitter balance. Depression is characterized by loss construct behaviors including loss 

of motivation, anhedonia, morbid thoughts, and withdrawal.  
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Physiologically, depression in PCS is characterized by decreased levels of brain-derived 

neurotropic factor (BDNF), as well as altered dopamine, norepinephrine, and serotonin 

transmission. 228 Brain activity changes include reduced dorsolateral prefrontal cortex (dlPFC), 

ventromedial prefrontal cortex, and temporo-limbic regions, as well as increased activity in the 

anterior cingulate cortex. 8,16232425  

Anxiety relates directly to the negative valence construct of potential threat. In PCS, it is 

speculated to arise from damage to cortical limbic regions. 26 General anxiety disorder is also 

associated with altered activity of the ventrolateral prefrontal cortex, amygdala, and thalamus. 27. 

Anxiety can be assessed using the Beck Anxiety Inventory. 10 Emotional lability and irritability 

are related to the negative valence construct of frustrative non-reward. Quick emotional change is 

associated with activity in the right orbitofrontal cortex, and personality change is associated with 

activity in the orbitofrontal cortex and ventro-medial prefrontal cortex. 23 This activity is mediated 

by GABA, serotonin, and catecholamines. 8 Emotional changes and irritability in the form of 

aggression have a social component that are further discussed in the context of the social processes 

domain. 

4.1.2 Positive Valence Domain 

Post concussive syndrome’s relationship with the positive valence domain of reward response 

exists solely in the form of potential for substance abuse. The habit construct of this domain is of 

particular interest. Use of drugs or alcohol can put a person in situations where they are more likely 

to injure their head. Additionally, altered executive control following head injury can put a person 

with history of substance abuse at risk for relapse into old habits, inhibiting their recovery. (Bjork 

& Grant, 2009) These risks do not result from the injury itself but rather behaviors prior to injury 

and are therefore not symptoms. Evidence does exist suggesting that head injury inhibits 
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dopaminergic transmission in the ipsilateral striatum, altering reward response. 29 However, there 

is minimal documentation of substance abuse following head injury in patients with no prior 

substance abuse history, and further research is needed as to whether or not substance abuse can 

be considered a symptom of post concussive syndrome. 28 

4.1.3 Cognitive Systems Domain 

PCS alters a patient’s cognitive abilities in the form of inhibited working and declarative 

memory, slow mental processing, altered response to visual and auditory stimuli, and cognitive 

fatigue.  Working memory is the namesake of a cognitive systems construct and refers to a person’s 

mind state regarding what they are doing and thinking about. It is closely related to attention and 

the ability to multitask. Brain regions involved in working memory include the dorsolateral 

prefrontal, orbitofrontal, parietal, and cerebellar cortices, utilizing dopamine, norepinephrine, and 

acetylcholine. 8,23 Declarative memory is also a construct namesake and refers, in the context of 

PCS, to short term stored memory. Regions of the brain associated with declarative memory 

include the frontal and hippocampal cortices. The primary neurotransmitter associated with this 

function is acetylcholine. 8  

Slowed mental processing relates to the construct of cognitive control and describes difficulty 

and delayed ability in drawing conclusions and following a train of thought. Mental processing is 

mediated by the subcortical white matter and processing ability is determined by acetylcholine and 

catecholamine signaling activity. 8  

Several types of vision defect can occur during the course of PCS, including double vision and 

blurred vision. 30 Other sensory based symptoms involving increased sensitivity are described in 

the Arousal and Regulatory domain. Difficulty in facial communication also ties this symptom to 
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the social processes domain. Visual difficulty is associated with altered activity in the right 

fusiform gyrus and orbitofrontal cortex. 23,10  

Cognitive fatigue is the loss of mental energy and is associated with increased neuronal 

recruitment in the ventromedial PFC and parietal cortex, as well as the basal ganglia. The primary 

molecule of transmission in these circuits is dopamine. 31 

4.1.4 Social Processes 

 PCS has been found to alter the ways in which an individual perceives and interacts with others. 

As mentioned earlier, patients with PCS can have an increase in aggression, not only towards those 

around them but also towards themselves in the form of self-harm and attempted suicide. 32 These 

aggressive tendencies fall within the RDoC constructs of perception and understanding of self and 

perception and understanding of others. Aggression toward both self and others are found to be 

associated with damage to the frontal lobe, and despite this region’s role in cognitive ability, 

cognitive impairment may not be seen in patients with aggression. Additionally, social 

intelligence, a person’s ability to consider the views and needs of others, is modulated by the lateral 

orbitofrontal subcortical circuit.  

In addition to aggression, PCS can result in the social symptom of avoidance (also referred to 

as alexithymia). Like aggression, alexithymia is related to, but not synonymous with cognitive 

impairment as it is a form of executive dysfunction. 

4.1.5 Arousal and Regulatory Systems 

 The symptoms of PCS falling into the arousal and regulatory process domain generally revolve 

around disrupted sensory and balance function, and include headache, dizziness, difficulty 

sleeping, hypersensitivity to light and sound. Headache is by far the most commonly reported 

symptom of PCS immediately following diagnosis. 12,30 Headache in PCS is believed to be the 
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result of Greater Occipital Nerve activation, which is regulated and inhibited by gamma-

aminobutyric acid signaling. Status of the Greater Occipital Nerve with regards to any damage can 

be assessed using various common imaging techniques such as MRI, CT, or SPECT.  33,34  

Sleep disruption is significantly more common in patients with TBI than in the healthy 

population, and the inability to sleep at night is often accompanied by daytime sleepiness. In PCS, 

decreased glucose metabolism in the visual cortices and limbic system during wakefulness and 

REM sleep is an indicator of wake-sleep dysregulation. 3536 Furthermore, the ventrolateral and 

median preoptic (VLPO and MNPO) circuits, which inhibit arousal circuits during sleep through 

GABA signaling, are subject to damage in injury leading to PCS. Circuitry inhibited by the VLPO 

and MNPO circuits include hypocretin-producing neurons in the hypothalamus, which have a key 

role in maintaining arousal and are implicated in daytime sleepiness. Additionally, sleep disruption 

has been linked to axonal shear damage in brain regions regulating sleep. 35,37 

4.2 RDoC Classification of PTSD Symptomology 

4.2.1 Negative Valence Domain 

In some ways, negative valence symptoms of PTSD are similar to those in PCS. PTSD can 

result in all of the same negative valence symptoms as PCS, but the mechanism between the two 

for is similar for some symptoms and different for others. A similarity is seen in the circuits 

involved in depression in PTSD, including the anterior cingulate cortex and dorsolateral prefrontal 

cortex. 3814 Similar to PCS, depression is mediated by serotonin and norepinephrine. Anxiety 

mechanism in PTSD, however, differs from that of PCS. In PTSD, anxiety is caused by 

dysregulation of the hypothalamic-pituitary-thyroid axis, resulting in an abnormal T3:T4 ratio. 

Anger and emotional outburst also occur in PTSD but they are the results of hyperarousal, an 

arousal and regulatory domain symptom. 



 30 

4.2.2 Positive Valence Domain 

 PTSD comorbidity with substance abuse disorder suggests the role of substance abuse as a 

potential symptom of PTSD. A variety of theories exist tying the two together, including the 

possibility that addictive substances reduce other symptoms of PTSD, the possibility that substance 

abusers are more violent leading them to be more likely to experience situations causing PTSD, 

and that dopamine response to addictive substances strengthens imprinting of memories. Recent 

work has supported the first theory of “self-medication”, suggesting that the dopamine response 

of substance abuse helps counteract the hypervigilant state resulting from reduced ventromedial 

prefrontal cortex activity that would normally inhibit fearful amygdala functions. 39–41 Subjects 

with PTSD are also found to have decreased response to reward including decreased activation of 

the insula, prefrontal cortex, cingulate gyrus, and nucleus accumbens. 42 This altered reward 

response is closely tied to social processes, as it includes an alteration of a person’s reward from 

social contact, decreasing the ability those with PTSD to seek or accept offers of social support. 

4.2.3 Cognitive Systems 

 A patient with PTSD might experience reduced cognitive function in the form of challenged 

working memory, which as in PCS is strongly associated with attention span and capacity to 

multitask. PTSD also presents intrusive memories of the traumatic event, as well as re-experiences 

or flashbacks, where the subject believes they are reliving the event. Working memory difficulties 

in PTSD patients are characterized by increased activity in the amygdala and ventromedial 

prefrontal cortex, while activity in the dorsolateral prefrontal cortex and parietal cortex are 

decreased. This activity suggests working memory is being distracted by strong fearful memories. 

This distraction is mediated by serotonin and norepinephrine molecules. 43,442714 Declarative 
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memory deficits can occur in PTSD patients as well. This deficit is associated with decreased 

hippocampal activation and increased glucocorticoid levels. 14,45 

4.2.4 Social Processes 

 PTSD has been found to alter the social behavior of an individual, in particular alter their sense 

of affiliation and attachment. In studies of patients with and without PTSD, social bonds have been 

found to modulate emotional response. One study showed that contact with a loved one decreases 

dlPFC and superior colliculus activation in subjects faced with threat compared to threatened 

subjects in contact with a stranger. 46 PTSD alters the relationship between social bonds and 

emotional response as discussed in the application of the Positive Valence domain to PTSD. The 

reduced drive to seek support may be both the strong emotional response decreasing the ability to 

feel enjoyment in the company of others as well as the person with PTSD avoiding others in order 

to avoid situations which might induce a fearful response. 42 Avoidant coping is more common in 

individuals who already have weak social support, and is predictive of development of PTSD. 47 

Neurotransmitter oxytocin (OT) mediates social bonding, along with the hormone arginine 

vasopressin. 48 OT is suggested to have a role in decreasing fear response that is most effective in 

combination with social support. Social response to stress can be tested using the Trier Social 

Stress Test. 49  (Charuvastra & Cloitre, 2009; Coan, Schaefer, & Davidson, 2006)4247 

4.2.5 Arousal and Regulatory Systems 

 Hypervigilance, the over-responsiveness of the mind to surrounding stimuli, is a key symptom 

of persons with PTSD. This hypervigilance is caused by decreased activity of the dmPFC resulting 

in increased activity in the Amygdala. Hypervigilance is chemically mediated by increased levels 

of norepinephrine as well as decreased levels of serotonin. Sleep difficulties accompanying PTSD 

are related to the increased amygdala activity as well as increased activity in the locus coeruleus, 
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raphe nuclei, pedunculopontine, laterodorsal tegmental nuclei, and cerebellum associated with 

REM sleep regulation. Circadian shift, an RDoC construct independent of sleep-wakefulness, is 

not observed in PTSD patients with sleep difficulties, but HPA axis activity is altered. Molecularly, 

sleep disruption in PTSD is modulated by increased levels of cortisol and ACTH. 35 Another 

arousal symptom of PTSD is dissociation, the person’s removal from awareness of reality, which 

can play a role in their reliving memories. Dissociation is associated with increased beta-endorphin 

and glutamate levels (the first of which can be measured in spinal fluid) and altered HPA axis 

activity. 14 

 
4.3 Sequelae correlation with the Everyday Cognition Self Report  
 

The analysis of sequelae correlation with the Everyday Cognition Self Report examined 

statistical correlation between disorder diagnosis and cognitive symptoms from the everyday 

cognition self-report as described in the methods. PTSD is found to be correlated with trouble 

remembering recent events and understanding spoken directions. The PTSD- group, in addition to 

the PTSD correlates which were shared, had significant connection to trouble remembering a 

conversation days later and finding a parked car. PCS was found to be correlated with trouble 

recalling conversation, remembering the day of the week, remembering being told something, 

remembering the names of objects, communicating thoughts in conversation, remembering the 

meaning of words, describing a TV program, and developing a schedule. No correlates were found 

for TBI P-values for this analysis can be found in table 11. 

Investigation of expected differences in presented sensory symptoms of PCS and PTSD was 

conducted using using the sequelae correlation with two items of interest in a neurological exam 

analysis. Correlations were not significant in this analysis for either symptom, for all patient 

groupings. P-values for this analysis can be found in Table 10. 
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The Pittsburgh Sleep Quality Index was used in investigation of statistical correlation between 

disorder diagnosis and sleep symptoms from the Pennsylvania Sleep Quality Index self-report as 

described in the methods. PTSD, PTSD with CAPS score of 30+ and PTSD with CAPS score of 

50+ are all found to have significant correlation with every examined symptom. PCS is found to 

have significant correlation with daytime sleepiness and with disorientation. TBI is found to have 

significant correlation with daytime sleepiness only. P-values for this analysis can be found in 

Table 11. 

 Investigation of brain structural differences between patient groups was conducted using the 

analysis of Sequelae correlation with PET Imaging Observations, which examined statistical 

correlation between disorder diagnosis and features from the Berkeley positron emission 

tomography imaging as described in the methods. PTSD was found to be correlated with increased 

florbetapir uptake in the cerebellum cortex and putamen as identified by the Berkeley research 

group using positron emission tomography and is the only group with significant correlation to 

uptake. P-values for this analysis can be found in table 12. PCS was found to be correlated with 

altered thalamus size, and this is the only significant size correlation of all five patient groups. P-

values from this analysis can be found in table 13. 

 Further structural analysis using the sequelae correlation with diffusion tensor imaging 

observations analysis examined statistical correlation between disorder diagnosis and features 

from the Thompson diffusion tensor imaging as described in the methods. PCS was found to be 

significantly correlated with six diffusion tensors with elevated diffusivity: left Posterior Thalamic 

Radiation, right Anterior corona radiate, left Hippocampus, left Superior longitudinal fasciculus, 

right Superior fronto-occipital fasciculus, and right Sagittal striatum. PCS is the only patient group 

with significant correlation to diffusion tensors. P-values from this analysis are found in Table 14. 
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4.4 Cognitive Symptom Correlation with PET Imaging Observations  
 
 The analysis found 44 significant structure florbetapir uptake and symptom correlations. The 

majority of these are for memory and language symptoms. The thalamus, putamen, and anterior 

cingulate cortex stand out for having five or more correlated symptoms. P-values from this analysis 

can be found in Table 15. 
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5. Discussion and Conclusion 
 
5.1 Application of Framework 

Applying the RDoC framework to existing evidence allows a number of conclusions to be 

drawn about the ways in which the symptoms of PCS and PTSD are similar and different. While 

working memory difficulty is observed in both PCS and PTSD, the mechanism by which this 

symptom occurs is different. In PTSD, memory is disrupted by distraction by fearful thoughts as 

supported by abnormal activity in the amygdala, the fear processing center of the brain. 

Conversely, in PCS memory disruption is caused by inhibited executive function resulting from 

damage to the cerebral cortex. Common to both is altered activity in the dorsolateral prefrontal 

cortex. The mechanism of sleep disruption also differs between PCS and PTSD. Distraction by 

fearful thoughts resulting from increased amygdala activity inhibits proper sleep similarly to the 

inhibition of working memory in those with PTSD. In PCS, sleep disruption manifests in the form 

of daytime sleepiness resulting from circadian shift. This disruption in those with PCS is identified 

through by altered hypothalamus and visual cortice activity.  

5.2 Analysis of Sequelae Correlations  

The success of the analysis varied from one analysis to the next. The everyday cognition 

exam and Pittsburgh sleep quality index found both expected and unexpected results based on the 

literature review. The analysis of items from the neurological exam were not successful. The PET 

imaging feature analysis was not very successful, but analysis of the diffusion tensors found 

tensors that could be used as indices of PCS 

This analysis finds two symptoms significantly associated with PTSD, difficulty 

remembering events and understanding spoken direction. The PTSD- group also has significant 

difficulty finding a parked car and recalling conversations, which is strange because it would 
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follow that the patients with lower CAPS scores would have less symptoms. Comparatively the 

PCS group experiences more memory and language difficulties ranging from the inability to 

remember words to having difficulty describing something they saw on TV. It is noteworthy that 

the PTSD group’s difficulties are more short-term issues while the PCS group has difficulty with 

working and short-term memory. Perhaps it is possible that the PTSD short term memory problems 

are caused by fearful distraction at the time the memory was created. PTSD patients are not 

observed to have executive function disruption which disagrees with the findings in the application 

of the RDoC framework, however the fewer memory issues of PTSD patients than PCS patients 

is in agreement with the findings of the application of the framework. No symptoms were 

significant for the TBI group. It is possible this group had their injury so long ago that there are no 

longer psychiatric effects.  

The analysis of the Neurological Exam was chosen in support of findings in applying the 

framework, but finds the sensory symptoms insignificantly related to PCS or PTSD. It is possible 

that the TBI was so long before many of the psychiatric symptoms have now dissipated. 

Additionally, this self-report describes the issues as serious, so potentially there could be patients 

with sensory challenges they can live with who don’t report. 

 The sleep symptoms in the analysis of the Pittsburgh Sleep Quality Index were all found 

significant for PTSD patients, making it difficult for a PCS induced sleep disorder to set itself apart 

as unique. However, based on the literature review daytime sleepiness was expected in PCS 

patients and that is observed. Daytime sleepiness was not expected in PTSD patients and its 

presence makes sleep disorders caused by the sequelae harder to differentiate if the results of this 

experiment are to be accepted. Perhaps it is the grounds that new experiments need to be conducted 

to better understand the difference. 
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 The analysis of PET imaging features finds Florbetapir uptake in the cerebellum cortex and 

putamen to be significant to PTSD. Meanwhile, thalamus size is found to be significant to PCS 

patients which is somewhat strange given the thalamus was not a cause of PCS symptoms in the 

literature review. Florabetapir uptake is not great for assessing PCS or PTSD as it is typically used 

to screen for amyloid plaque in Alzheimer’s, so its presence may convolute a diagnosis. However, 

with PTSD having significant incidence of Florbetapir uptake, maybe more studies could be 

performed to better understand a connection between PTSD and Alzheimer’s if there is one. 

 The analysis of diffusion tensors finds several diffusion tensors of high diffusivity to occur in 

significant tandem with PCS. These findings are consistent with the mechanical force PCS puts on 

the brain, potentially widening the space between cells. This allows more water in between, 

resulting in a larger diffusion tensor. Diffusion tensor imaging is found in this work to be more 

successful in acting as a diagnosis method than PET, as features are found that usually only present 

alongside PCS. 

The analysis of correlation between everyday cognition survey symptoms and imaging features  

is flawed if outside the context of Alzheimer’s as it is based on Florbetapir uptake. However, the 

primary significant symptoms are of memory, as well as language. It is possible that without 

selecting patients with the disease this experiment is observing the effects of Alzheimer’s. 

5.3 Applications 

This work has set out to elucidate means of checking for the possibility of PCS in a patient 

known to have PTSD and PTSD in a patient known to have PCS, when only common symptoms 

are showing. This allows for better understanding of the physiological process behind these 

symptoms and enables more effective application of pharmaceuticals. For example, while altered 

norepinephrine transmitter and dorsolateral prefrontal cortex activity were found common to 
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problems with working memory in PCS and PTSD, unique to PCS were altered acetylcholine 

levels and cerebral and orbitofrontal cortex activity, where in PTSD, altered serotonin levels and 

amygdala activity were found to be unique. By identifying altered amygdala activity or cerebral 

cortex activity in a patient with both PCS and PTSD, a clinician can identify whether a drug 

targeting acetylcholine transmission or one targeting serotonin transmission might be more 

effective. 

5.4 Limitations and Future work 

This work was limited by working with data from subjects who have PTSD and TBI, but the 

context of DOD ADNI is Alzheimer’s and the data collected is tailored toward Alzheimer’s. The 

work is also limited in that many of the subjects are elderly and may have health problems from 

sources besides those of interest, and that their traumatic brain injuries may have been so long ago 

that psychiatric effects may no longer be seen. RDoC is a framework for more detailed examination 

of psychiatric disorders but it does not yet account for every feature of a disorder. NIMH is still in 

the process of improving the system for broader applicability, covering all aspects of psychiatric 

disorders. RDoC is limited in that it does not contain an age or environment component and if it 

did it might be able to handle the demographics of elderly and veteran more effectively. This work 

can be expanded upon by conducting experiments to answer questions the results raise. For 

example, RDoC has identified differences that are expected between PCS and PTSD, but little 

comparative research has been conducted outside of reviews. RDoC identifies topics researchers 

might want to pursue with future studies to validate the framework classifications. An additional 

limitation to this work is the lack of validation of the symptoms identified by clinicians. 
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5.5 Conclusion 

This work has applied the RDoC framework in order to understand how some of the surface 

level similarities of PCS and PTSD are and are not alike. Specific symptoms are tied to biologic 

mechanisms in order to gain a greater understanding of how they can effectively be treated. This 

has been accomplished through a review of literature identifying and consolidating known altered 

circuit activity and neurotransmitter levels in patients with specific symptoms of PCS and PTSD, 

and by highlighting cases in which this altered activity is different between PCS and PTSD. 

Analysis of patient self-report and imaging data is then preformed to validate this classification, to 

some, but not perfect, success. The has also laid groundwork for future efforts of clinical research 

in proving raised theories to be true by identifying symptoms for which affected neurotransmitter, 

circuit, or gene has not been identified, as well as more closely examining cases in which statistical 

analysis results are not consistent with classification results. There is a need for work with subjects 

of a wider variety of demographics, as the data used in this work is all from elderly male veterans.  
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Appendix 
 
Appendix A – Analysis Items 
Table 4. Everyday Cognition Self Report Analysis Items 
Item Task 
MEMORY1 Remembering a few shopping items without a list. 
MEMORY2 Remembering things that happened recently 
MEMORY3 Recalling conversations a few days later. 
MEMORY4 Remembering where I have placed objects. 
MEMORY5 Repeating stories and/or questions. 
MEMORY6 Remembering the current date or day of the week. 
MEMORY7 Remembering I have already told someone something. 
MEMORY8 Remembering appointments, meetings, or engagements. 
LANG1 Forgetting the names of objects. 
LANG2 Verbally giving instructions to others. 
LANG3 Finding the right words to use in conversations. 
LANG4 Communicating thoughts in a conversation. 
LANG5 Following a story in a book or on TV. 
LANG6 Understanding the point of what other people are trying to say. 
LANG7 Remembering the meaning of common words. 
LANG8 Describing a program I have watched on TV. 
LANG9 Understanding spoken directions or instructions. 
VISSPAT1 Following a map to find a new location. 
VISSPAT2 Reading a map and helping with directions 
VISSPAT3 Finding my car in a parking lot. 
VISSPAT4 Finding my way back to a meeting spot in the mall or other location. 
VISSPAT6 Finding my way around a familiar neighborhood. 
VISSPAT7 Finding my way around a familiar store. 
VISSPAT8 Finding my way around a house visited many times. 
PLAN1 Planning a sequence of stops on a shopping trip. 
PLAN2 The ability to anticipate weather changes and plan accordingly 
PLAN3 Developing a schedule in advance of anticipated events. 
PLAN4 Thinking things through before acting. 
PLAN5 Thinking ahead. 
ORGAN1 Keeping living and work space organized. 
ORGAN2 Balancing the checkbook without error. 
ORGAN3 Keeping financial records organized. 
ORGAN4 Prioritizing tasks by importance. 
ORGAN5 Keeping mail and papers organized. 
ORGAN6 Using an organized strategy to manage a medication schedule. 
DIVATT1 The ability to do two things at once. 
DIVATT2 Returning to a task after being interrupted. 
DIVATT3 The ability to concentrate on a task without being distracted 
DIVATT4 Cooking or working and talking at the same time. 
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Table 5. Neurological Exam Analysis Items 
Item Symptom 
1 Visual Impairment 
2 Auditory Impairment 

 
Table 6. Pennsylvania Sleep Quality Index 
Item Symptom 
1 Delayed Sleep 
2 Insufficient Sleep 
3 Bad Dreams 
4 Daytime Sleepiness 
5 Enthusiasm Loss 
6 Disorientation 

 
 
Table 7. - Berkeley PET Imaging Structures 
Item Structure 
1 Fusiform Gyrus 
2 Insula 
3 Amygdala 
4 Caudate 
5 Cerebellum White Matter 
6 Cerebellum Cortex 
7 Hippocampus 
8 Putamen 
9 Thalamus 
10 Lateral Ventricle 
11 Anterior Cingulate Cortex 
12 Posterior Cingulate Cortex 
13 Cerebral White Matter 

 
Table 8. – Thompson Diffusion Tensors 
Item Tensor 
1 Posterior Thalamic Radiation R and L 
2 Anterior corona radiata R and L 
3 Superior corona radiata R and L 
4 Posterior corona radiata R and L 
5 Cingulate gyrus R and L 
6 Hippocamus R and L 
7 Superior longitudinal fasciculus R and L 
8 Superior fronto-occipital fasciculus R and L 
9 Sagittal striatum R and L 
10 Genu of corpus callosum 
11 Body of corpus callosum 
12 Splenium of corpus callosum 
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Appendix B – Applied RDoC Framework 
 
Table 9. – RDoC Categorized Symptoms of PCS and PTSD 

Domain Symptom PCS PTSD Self Report 

  Molecule Circuit Molecule Circuit  

Negative 
Valence 

Depression BDNF, DA, 
5HT, NE  

dlPFC, vmPFC, 
temporo-limbic 
ACC 

BDNF, DA, 
5HT, NE  

ACC, dlPFC Beck DI 

Anxiety  Cortical 
Limbic, 
vmPFC 

T3, T4 HPT Axis Beck AI 

Emotional 
Lability 

GABA, 5HT, 
catcholamines 

OFC, vmPFC  
OT, AVP 

dlPFC  

Positive 
Valence 

Substance Abuse ___ ___ DA vmPFC, 
amygdala 

 

Decreased 
Reward Response 

___ ___ DA 
 

PFC, 
accumbens, 
cingulate 
gyru 

 

Cognitive 
Systems 

Altered Working 
Memory 

Acetylcholine, 
NE, DA 

dlPFC, OFC, 
parietal, 
cerebellar C 

5HT, NE vmPFC, 
dlPFC, 
amygdala 

WAIS-IV 

Altered 
Declarative 
Memory 

Acetylcholine Frontal and 
Hippocampal 
Cortices 

Glucocorticoids hippocampus CVL 

Slow Processing Actylcholine, 
catecholamines 

 ___ ___ WAIS-IV 

Vision and 
Auditory 
Disruption 

 OFC, right 
fusiform gyrus 

___ ___ NPAB 

Cognitive Fatigue Dopamine  
vmPFC, 

___ ___ N-Back Test 

Social 
Processes 

Aggression 
Toward 
Self/Others 

 Frontal lobe, 
loSC 

Cortisol, ACTH dmPFC, 
Amygdala 

 

Alexithymia Acetylcholine, 
NE, DA 

dlPFC, OFC, 
parietal, 
cerebellar C 

 
OT, AVP 

dlPFC TAS-20 

Emotional 
Response 

___ ___ NE, 5HT dmPFC, 
Amygdala 

Trier Social 
Stress Test 

Arousal and 
Regulatory 

Headache GABA Greater 
Occipital 
Nerve 

___ ___  
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Sleep-Wakening Glucose, 
GABA, 
Glutamate 

Visual 
Cortices, 
limbic system 

Cortisol, 
ACTH, 
glutamates 

Amygdala PSQI 

Daytime 
Sleepiness 
(circadian shift) 

Hypocretin Hypothalamus ___ ___  

Hypervigilance ___ ___ NE, 5HT dmPFC, 
Amygdala 

 

Dissociation ___ ___ Beta endorphin, 
glutamate 

 
HPA Axis 

 

 
Self-Report column lists tests available to quantify a symptom, when available. 
 
Appendix C – P-values from statistical analysis 
 
Table 10. – P-Values from everyday cognition analysis 
  PTSD PTSD- PTSD+ PCS TBI 
MEMORY1 0.4735 0.8039 0.3564 0.4004 0.06631 
MEMORY2 0.04101 0.003714 0.1563 1 0.893 
MEMORY3 0.2864 0.04112 0.2182 0.001451 0.0654 
MEMORY4 0.5592 0.241 0.4848 0.533 1 
MEMORY5 0.9394 0.3911 0.3815 0.06977 0.444 
MEMORY6 0.5218 0.07921 1 0.02298 0.6307 
MEMORY7 0.8677 0.6964 0.772 0.01303 0.1433 
MEMORY8 0.8558 0.4813 1 0.05107 0.1827 
LANG1 0.6631 0.4811 0.7935 0.006731 0.06179 
LANG2 0.6488 0.2519 1 0.7467 1 
LANG3 0.8633 0.3912 0.7913 0.0826 0.05857 
LANG4 0.7471 0.2411 1 0.04326 0.07526 
LANG5 0.6129 0.7271 0.436 0.05051 0.8081 
LANG6 0.7562 0.5825 0.8341 0.06207 1 
LANG7 1 0.7199 1 0.001165 0.06313 
LANG8 0.7066 0.3651 0.9068 0.04083 0.9833 
LANG9 0.04434 0.01644 0.1248 0.375 1 
VISSPAT1 0.3252 0.2589 0.846 0.8767 1 
VISSPAT2 0.2134 0.1575 0.7108 0.3114 1 
VISSPAT3 0.1411 0.01148 0.696 0.4359 0.9673 
VISSPAT4 0.6133 0.1171 1 0.1341 0.3062 
VISSPAT6 0.4955 0.2459 0.9512 0.5761 0.2312 
VISSPAT7 0.7658 0.3994 1 0.6529 0.3321 
VISSPAT8 0.2842 0.1071 0.7502 0.06365 0.5458 
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PLAN1 1 0.3714 0.4474 0.05511 1 
PLAN2 0.4598 1 0.7862 0.1135 0.404 
PLAN3 1 1 0.9374 0.0127 0.3793 
PLAN4 0.6954 0.2321 0.775 0.2038 1 
PLAN5 0.7477 0.2074 1 0.08929 0.4927 
ORGAN1 1 0.7131 0.3627 0.7587 1 
ORGAN2 0.5055 0.1837 1 1 0.526 
ORGAN3 0.889 0.2677 0.7471 0.922 0.7686 
ORGAN4 0.4057 0.4451 0.3728 1 0.5542 
ORGAN5 0.2488 0.05688 0.5831 0.9876 0.6556 
ORGAN6 0.8722 0.5676 0.9746 1 0.1568 
DIVATT1 0.3112 0.1699 1 0.4546 0.2899 
DIVATT2 0.8491 1 0.3409 0.1113 0.59 
DIVATT3 0.7707 0.5849 0.876 0.7678 0.893 
DIVATT4 1 0.5869 0.9059 0.4164 0.9206 

 
 
Table 11. – P-Values from Sensory symptom analysis 
  PTSD PTSD- PTSD+ PCS TBI 
Visual Disturbance 1 0.669 0.2015 0.1433 0.3295 
Audio Disturbance 0.5891 0.5667 0.9194 0.9525 0.917 

 
Table 12. P-values from Pennsylvania Sleep Index analysis 
  PTSD PTSD- PTSD+ PCS TBI 
Delayed Sleep 1.10E-07 1.48E-07 6.90E-06 0.5415 0.4004 
Insufficient Sleep 1.59E-08 2.36E-08 2.36E-07 0.9005 0.9726 
Bad Dreams 7.10E-16 2.20E-16 3.67E-11 0.6289 0.1333 
Daytime Sleepiness 4.70E-06 2.75E-06 1.03E-05 0.008017 0.04611 
Disorientation 2.86E-05 3.32E-05 0.0004088 0.001323 0.897 

 
Table 13. – P-Values from Berkeley Florbetapir Uptake analysis 
 PTSD PTSD- PTSD+ PCS TBI 
Fusiform Gyrus 0.1852 0.2043 0.5861 0.7436 0.4879 
Insula 0.292 0.34 0.9565 0.574 0.2974 
Amygdala 0.1829 0.5649 0.5231 0.4021 0.4151 
Caudate 0.4532 0.5649 0.7375 0.5784 0.3154 
Cerebellum White Matter 0.2052 0.5716 0.5481 0.2691 0.9674 
Cerebellum Cortex 0.02668 0.08072 0.1082 0.6644 0.2157 
Hippocampus 0.3975 0.7324 0.8306 0.3361 0.4414 
Putamen 0.04767 0.1203 0.3848 0.4544 0.5258 
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Thalamus 0.1672 0.3515 0.4482 0.2441 0.9618 
Lateral Ventricle 0.3284 0.3372 0.2656 0.7844 0.7747 
Anterior Cingulate Cortex 0.2031 0.2842 0.527 0.561 0.8634 
Posterior Cingulate Cortex 0.871 0.6575 0.9311 0.9047 0.8546 
Cerebral White Matter  0.08717  0.3385  0.3385 0.623 0.6177 

 
 
 
 
Table 14. – P-values from Berkeley size analysis 
Size PTSD PTSD- PTSD+ PCS TBI 
Fusiform Gyrus 0.2585 0.4473 0.2215 0.2297 0.6438 
Insula 0.7971 0.9014 0.5501 0.7713 0.7747 
Amygdala 0.625 0.6065 0.5695 0.09007 0.3074 
Caudate 0.9865 0.8438 0.5902 0.5297 0.4791 
Cerebellum White Matter 0.5944 0.4249 0.5172 0.07465 0.302 
Cerebellum Cortex 0.4183 0.2068 0.7697 0.2415 0.6972 
Hippocampus 0.32 0.3899 0.7363 0.1473 0.9124 
Putamen 0.9482 0.7483 0.4582 0.6815 0.3034 
Thalamus 0.5944 0.7494 0.2883 0.04362 0.9539 
Lateral Ventricle 0.1166 0.2018 0.2422 0.5755 0.6621 
Anterior Cingulate Cortex 0.2031 0.2842 0.527 0.561 0.8634 
Posterior Cingulate Cortex 0.871 0.6575 0.9311 0.9047 0.8546 
Cerebral White Matter 0.08717 0.1524 0.3385 0.623 0.6177 

 
Table 15. – P-values from Thompson Diffusion tensor analysis 
  PTSD PTSD- PTSD+ PCS TBI 
Posterior Thalamic Radiation R 0.589 0.4866 0.5264 0.06819 0.3709 
Posterior Thalamic Radiation L 0.9745 0.9201 0.7652 0.01971 0.05258 
Anterior corona radiata R 0.3001 0.3813 0.1592 0.03372 0.2688 
Anterior corona radiata L 0.8652 0.7047 0.6888 0.1046 0.5662 
Superior corona radiata R  0.6956 0.7358 0.7529 0.2008 0.1484 
Superior corona radiata L 0.6507 0.7174 0.4101 0.232 0.1352 
Posterior corona radiata R 0.9843 0.8949 0.7734 0.1541 0.5256 
Posterior corona radiata L 0.1955 0.3378 0.9327 0.1275 0.3729 
Cingulate gyrus R 0.8632 0.9085 0.4025 0.05364 0.09592 
Cingulate gyrus L 0.9823 0.7654 0.6594 0.152 0.3808 
Hippocamus R 0.4367 0.7065 0.7106 0.467 0.5352 
Hippocamus L 0.7416 0.4325 0.5125 0.004263 0.08568 
Superior longitudinal fasciculus R 0.4938 0.7192 0.6344 0.4537 0.7436 
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Superior longitudinal fasciculus L 0.595 0.9318 0.8607 0.04365 0.5997 
Superior fronto-occipital fasciculus 
R 

0.3703 0.3244 0.5125 0.003073 0.1525 

Superior fronto-occipital fasciculus 
L 

0.7193 0.5839 0.5511 0.07814 0.738 

Sagittal striatum R 0.6156 0.4828 0.7166 0.04403 0.7473 
Sagittal striatum L 0.5713 0.5107 0.5039 0.5785 0.7307 
Genu of corpus callosum 0.5984 0.6812 0.2499 0.01405 0.2583 
Body of corpus callosum 0.3586 0.3402 0.7246 0.06441 0.2594 
Splenium of corpus callosum 0.7341 0.8872 0.7066 0.1111 0.5963 

 
Table 16. P-values from Florbetapir Uptake – symptom analysis 

  Fusiform Insula Amygdala Caudate 
Cerebellum 
WM 

Cerebellum 
Cortex 

MEMORY1 0.8677 0.8276 0.4138 0.3859 0.6559 0.3562 
MEMORY2 0.08077 0.02371 0.03276 0.03118 0.04605 0.562 
MEMORY3 0.2118 0.1739 0.3108 0.117 0.1536 0.6669 
MEMORY4 0.1122 0.06622 0.05338 0.06084 0.02444 0.05765 
MEMORY5 0.1012 0.02678 0.08559 0.02001 0.1472 0.8902 
MEMORY6 0.1096 0.1255 0.09755 0.3063 0.05333 0.2585 
MEMORY7 0.6901 0.2343 0.5313 0.3055 0.1219 0.5653 
MEMORY8 0.8294 0.496 0.4143 0.3977 0.1988 0.4786 
LANG1 0.7 0.4826 0.3995 0.1356 0.1166 0.5064 
LANG2 0.9442 0.8628 0.5957 0.4369 0.2257 0.977 
LANG3 0.7541 0.5853 0.9785 0.4165 0.5588 0.5853 
LANG4 0.255 0.08804 0.1835 0.01667 0.09305 0.5979 
LANG5 0.6212 0.2134 0.2035 0.1002 0.09326 0.8232 
LANG6 0.09233 0.04393 0.08562 0.05774 0.002777 0.1334 
LANG7 0.3076 0.08741 0.129 0.1733 0.2037 0.4528 
LANG8 0.4576 0.3804 0.2251 0.2427 0.07718 0.1057 
LANG9 0.2496 0.1134 0.1029 0.06525 0.0369 0.1662 
VISSPAT1 0.6982 0.8276 0.8734 0.7824 0.5118 0.5825 
VISSPAT2 0.934 0.7997 0.4402 0.7345 0.1925 0.7486 
VISSPAT3 0.5135 0.6288 0.8525 0.7021 0.3909 0.7219 
VISSPAT4 0.2425 0.3498 0.2929 0.3837 0.1868 0.6593 
VISSPAT6 0.7417 0.4902 0.4854 0.5296 0.2696 0.07915 
VISSPAT7 0.8211 0.6094 0.3837 0.5465 0.8382 0.2183 
VISSPAT8 0.28 0.2376 0.3069 0.3149 0.1868 0.5082 
PLAN1 0.8712 0.6438 0.7594 0.5562 0.2696 0.8949 
PLAN2 0.6091 0.464 0.4191 0.3035 0.8382 0.8301 
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PLAN3 0.7393 0.8346 0.7931 0.8025 0.2861 0.06148 
PLAN4 0.5833 0.3867 0.7069 0.986 0.9034 0.7763 
PLAN5 0.8723 0.8556 0.9116 0.3198 0.3867 0.3807 
ORGAN1 0.3176 0.241 0.2389 0.4137 0.6775 0.5641 
ORGAN2 0.2439 0.1849 0.1079 0.3814 0.3382 0.5811 
ORGAN3 0.3092 0.2851 0.2082 0.2445 0.1397 0.6303 
ORGAN4 0.5529 0.2945 0.3327 0.242 0.3791 0.6356 
ORGAN5 0.05295 0.09201 0.03588 0.4054 0.1134 0.4245 
ORGAN6 0.1845 0.2326 0.1459 0.3404 0.1314 0.1309 
DIVATT1 0.2726 0.598 0.3493 0.468 0.07336 0.266 
DIVATT2 0.3181 0.2943 0.3927 0.1409 0.06742 0.2044 
DIVATT3 0.09544 0.06307 0.2095 0.05567 0.2118 0.7218 
DIVATT4 0.6086 0.9491 0.8455 0.4514 0.1904 0.8817 

 
Continued 

  Hippocampus Putamen Thalamus LatVentricle ACC PCC 
Cerebral 
WM 

MEMORY1 0.6324 0.3667 0.1717 0.296 0.2856 0.8309 0.7715 
MEMORY2 0.03385 0.008768 0.001998 0.1138 0.03762 0.09948 0.0448 
MEMORY3 0.1505 0.1005 0.01139 0.2979 0.1037 0.3271 0.1715 
MEMORY4 0.09122 0.04156 0.01785 0.1521 0.02065 0.01903 0.09954 
MEMORY5 0.07477 0.01817 0.006946 0.1951 0.0651 0.2919 0.06196 
MEMORY6 0.3796 0.06195 0.2754 0.8032 0.2226 0.4788 0.1579 
MEMORY7 0.0885 0.2112 0.08727 0.0234 0.2142 0.2082 0.3684 
MEMORY8 0.3145 0.3241 0.124 0.4991 0.2886 0.3503 0.4725 
LANG1 0.4546 0.2372 0.2841 0.5855 0.249 0.5968 0.3554 
LANG2 0.3922 0.5372 0.6391 0.4345 0.2156 0.7892 0.4248 
LANG3 0.957 0.2496 0.09058 0.6967 0.7213 0.9474 0.9283 
LANG4 0.07895 0.03258 0.02112 0.02991 0.01062 0.03258 0.03464 
LANG5 0.02106 0.1226 0.04853 0.04649 0.07386 0.1208 0.1946 
LANG6 0.008789 0.02842 0.01204 0.2513 0.02464 0.06151 0.01369 
LANG7 0.3655 0.03777 0.04173 0.3676 0.08113 0.702 0.3316 
LANG8 0.2153 0.255 0.1545 0.2644 0.1434 0.8637 0.4736 
LANG9 0.1792 0.04285 0.05994 0.2866 0.0432 0.491 0.1014 
VISSPAT1 0.559 0.9661 0.05994 0.2404 0.7021 0.6213 0.886 
VISSPAT2 0.453 0.4276 0.9915 0.61 0.2631 0.7997 0.4758 
VISSPAT3 0.758 0.7946 0.5731 0.5879 0.6982 0.9196 0.4287 
VISSPAT4 0.1624 0.3665 0.8152 0.2762 0.08144 0.886 0.2404 
VISSPAT6 0.2114 0.5653 0.5843 0.1925 0.3341 0.247 0.5705 
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VISSPAT7 0.2547 0.569 0.1938 0.1749 0.4817 0.3657 0.8407 
VISSPAT8 0.157 0.4311 0.323 0.241 0.2214 0.9133 0.5577 
PLAN1 0.6611 0.5643 0.5205 0.1747 0.313 0.5442 0.8009 
PLAN2 0.4228 0.3502 0.5197 0.3735 0.09314 0.8647 0.3872 
PLAN3 0.2681 0.9613 0.8421 0.1604 0.3899 0.6797 0.8918 
PLAN4 0.3126 0.6972 0.5878 0.2901 0.3253 0.4365 0.558 
PLAN5 0.9003 0.8371 0.7124 0.5531 0.8966 0.2996 0.6552 
ORGAN1 0.3373 0.1586 0.1284 0.7711 0.563 0.8543 0.2431 
ORGAN2 0.3675 0.04894 0.09233 0.8396 0.1169 0.6537 0.1235 
ORGAN3 0.4247 0.1455 0.1681 0.6303 0.1178 0.8422 0.3047 
ORGAN4 0.1588 0.1455 0.242 0.1456 0.1783 0.3923 0.3563 
ORGAN5 0.1675 0.2647 0.1138 0.85 0.09614 0.8036 0.1142 
ORGAN6 0.1551 0.04548 0.5459 0.6136 0.09769 0.248 0.1268 
DIVATT1 0.2573 0.1329 0.2733 0.6446 0.2339 0.2733 0.1749 
DIVATT2 0.06742 0.2294 0.3734 0.1518 0.07321 0.05412 0.06855 
DIVATT3 0.1055 0.05369 0.1079 0.158 0.05527 0.2947 0.1637 
DIVATT4 0.2451 0.5755 0.3315 0.2109 0.1702 0.6024 0.5659 
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