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Dr. Michael DePalma: It’s a pleasure today to introduce Regina McGlinchey, who is the Director of the VA RR&D TRACTS National Research Center and associate director for research training at the GRECC in VA Boston. Regina is associate professor of psychology at Harvard Medical School and has extensive experience with this group of Veterans. Regina.

Dr. Regina McGlinchey: Okay. Thank you, Dr. DePalma. And I’d also like to thank you personally for inviting me to give this presentation today and also to the great folks over at HSR&D who’ve been so helpful. As the title suggests, I’m going to focus my talk on deployment-related trauma, by which I mean traumatic brain injury or concussion. And I will use those two terms relatively interchangeably. Blast exposures and a number of clinical and behavioral comorbidities that have been linked to TBI in the most recent OEF/OIF/OND Veterans. 

As I will describe throughout specifically this presentation, our center has now collected a large and growing pool of longitudinal data that we’ll use to see how deployment-related conditions are evolving over time in this sample of Veterans. So just to take a step back, to begin, as most of you know, beginning with the invasions into Afghanistan and especially throughout the next decade and through the Iraq War, the VA and DOD became increasingly concerned and alarmed about the possible long term effects of traumatic brain injury in our Veterans and service members. Most of the concern stemmed from the extensive use of explosive weaponry by our enemies that increased the incidence of military service members surviving TBI, and most prominently mild TBIs. 

However, when the call came out from rehab R&D at VA for TBI centers of excellence, and this was back in 2008, we knew from our clinical service at VA Boston that we would never be able to understand the effects of traumatic brain injury independently of all the other psychological and physical problems we knew for OEF/OIF Veterans who are facing suffering. We knew that in order to fully understand how to help these Veterans, we needed to fully characterize many of the possible contributing and moderating influences of Veterans’ health. So we designed the TRACTS longitudinal cohort study, not only to diagnose and characterize the long-term effects of head injury and blast exposures, but also to examine the impact of commonly co-occurring conditions in this population that unfortunately include, but are not limited to post-traumatic stress disorder, depression, anxiety, substance use, chronic pain, sleep disorders, cognitive impairment and others. Now personally coming from a geriatric research background, both myself and the co-director of the TRACTS Center of Excellence, Bill Milberg, we work for the GRECC. And we really have always felt that that was a big advantage because, for us, we were familiar with issues of multi-morbidity in individuals, and really appreciated the possible effects that this could have in individuals as they age. Why is this not advancing? Okay. 

So, TRACTS, to give you a little bit of the background, TRACTS is now a national network research center funded by VA Rehab R&D. We first, was awarded our funding in 2009. And at that time we defined two primary missions, which we are still actively engaged in. The first is to conduct multidisciplinary clinical research aimed at understanding the complex pathophysiology associated with co-occurring TBI and stress related disorders. And the second is, once gaining some of that understanding, to then develop effective treatment opportunities for OEF/OIF Veterans with multiple co-occurring conditions. 

So today I'm going to focus primarily on our longitudinal cohort study. I think that Dr. DePalma’s was, the invitation was forthcoming based on a paper that we published early in the spring, that was really the methodology paper for the cohort study that was published in the International Journal of Methods in Psychiatric Research. So I’ll walk through a little bit of the background of that study. We have two sites that are currently very active. Boston, which is the hub of the network, as I mentioned, was funded in 2009. We began testing for this cohort study in 2010. We were fortunate enough to add a site, a network site at the Houston VA, which is directed by Dr. Ricardo Jorge. And they began testing in 2016. We currently have three site visits that are ongoing. The baseline assessment, which is, occurs at the enrollment into the TRACTS Center of Excellence Time 2, which is approximately one year to two years post the baseline visit. And in Boston at least we have actually started our wave of Time 3 assessments, which is intended to be five years after the time 2. Our plan is if we are fortunate enough to maintain funding, we would like to repeat these assessments at 5-year intervals. The recruitment, I think, for any longitudinal study kind of lives or dies with the success of that recruitment and retention. We are very fortunate enough to have a very special full-time recruitment specialist, Walter Musto, who has been tireless in going to yellow ribbon events, task force meetings, and any other events that he is invited to. Remaining participants are recruited through some flyers in the VA. And at this point we see a lot of word-of-mouth from other TRACTS participants. 

I did not include here a slide of the demographics of where we get a lot of our participants. But most of them are coming from within an hour radius of Boston. And the majority of them are all community-dwelling Veterans. These are not, for the most part, people that we are getting through the Boston VA in through the poly-trauma clinics, which some other studies rely on. We have a very broad inclusion criteria intentionally, because we want to not bias the sample so much, even though we certainly do appreciate that it is a convenience sample. So very simply, any Veteran of OEF/OIF who was deployed at least once to Iraq and Afghanistan. Many of our participants have had multiple deployments. And we also enroll service members who have yet to be deployed as a way to build up a sample of participants who are pre-deployment so we can test pre/post deployment. We don't have too many of those. But we do have a small sample. And the age range is age 18 to 65. Again, that’s a broad age range. But we did that very intentionally, obviously. Because not only do we want to examine the effect of age longitudinally, we want to have a nice, broad sample across the age spectrum for cross-sectional analyses. 

The exclusion criteria are fairly standard. I don’t know if I need to go through these: history of neurological illness, seizure disorders unrelated to head injury, severe depression or anxiety, current or active homicidal, suicidal ideation, which unfortunately we have had to deal with a couple of times. And then this bottom, unstable psychological diagnosis that would interfere with accurate data collection. Occasionally we will come across some participants who come in really almost out of desperation, and they’re really seeking help and are unable to go through the rigors, really, of the day. 

So, next couple of slides are going to show our enrollment based on our enrollment flow. So at the Boston site we can see we’ve currently tested 543 individuals on our core battery, which I will get to shortly; 523 met those inclusion, they all met the inclusion criteria, but a few needed to be filtered out for the sake of the exclusion criteria. We have a certified dataset of over 481 here, it’s a little bit higher. Now the reason why the reduction error is just the lifetime between collecting the data, getting it through our quality assurance processes, and then into the dataset. As we mentioned earlier, we do have a small sample of people who are enrolled in TRACTS that are not, have not yet been deployed. So that's what that number 457 is.

The next slide depicts pretty much the same thing. But we’re here looking at our Time 2 sample as well as our Time 3 sample. Time 2, we’re up to almost 300 with a certified dataset at 264, 248 of whom have been deployed. And then at the Time 3, this really just started last fall, so we have 14 individuals enrolled who have now come back for their fifth year re-evaluation, which gives this sample size about 7 years since the time that they were enrolled in TRACTS. Here's the Houston site, same kind of numbers. They have upwards, almost 75 people tested, 71 meeting those inclusion/exclusion criteria, and 10 people who have come back for their Time 2. 

None of the data that I’m going to present to you today includes the data from the Houston site. We’re actually in the process of moving that data from Houston up to Boston and putting it through the rigors of our data cleaning and data verification procedures. So I’m going to move on here. This is a slide that depicts the TRACTS assessment core. We call this the Core B Human Characterization Core. You can see that there are five major domains of assessments: biological, neuropsychological, effective psychosocial, blast, and neuroanatomy. This entire protocol takes one individual about 10 hours to go through. We try to get it in one day. Most people can get it in one day. But we are flexible about having people return if they need to. So under each one of these domains you can see these are, these themselves are kind of subdomains. And they can be made up of a number of individual tests. So [unclear 11:47] and divided attention have a number of tests associated with them. 

So going back to medical biological, we do a fasting blood draw from which we get blood chemistry information. We get basic physiology information. Our colleagues up at the national center were generous enough to submit some funds so that we have basically a complete GWAS on most of the people. We are currently in the process of shipping bloods for other kinds of biomarker molecule analyses, including neuro-steroids, inflammatory markers and the like. Neuropsych domains, you can see we assessed in most of the primary domains that could be affected by TBI, PTSD, and some of the other clinical measures. I just want to highlight one area here. Symptom validity, which is critically important in this population, as you know. Through some of the poly trauma clinics we have pretty high rates of symptoms [validity failure? 12:53] and symptom exaggeration. So we do the MSVT, Medical Symptoms Validity Test, as well as a number of other embedded measures in our neuropsych test where we can see where people are perhaps exaggerating their symptoms. 

The affective/psychosocial, I want to point out a couple of important innovations that we've made here. For assessment of PTSD we do use the CAPS. In the past we started out with the CAPS-4. We have CAPS-4 on the entire sample. But, as you may recognize, the DSM-V criteria came out a couple years ago. So what we actually did was generate a hybrid CAPS-4/5 testing form, which is what we use for our clinical interview. And from that we can actually derive CAPS-4 as well as CAPS-5 scores to correspond to DSM-IV and V criteria. 

We did this, because at the point where DSM-V came out, we had over 400 people who had already gone through the TRACTS program. And we did not want to lose all that continuous data, so that we can look at individual differences in statistical analyses. So, we adopted the test so that we could derive a 5 score, and yet continue collecting CAPS-4 scores. These other included in this category are questionnaires to look at, we have the Traumatic Life Events Questionnaire. We have a deployment questionnaire, depression/anxiety scale. So that, again, we can have continuous measures of depression, anxiety and stress that we can use to correlate for individual differences. Importantly, we assess for sleep quality in chronic pain. Alcohol and nicotine are a very important category in this group of Veterans, so we actually have a fairly extensive assessment of alcohol use. 

Now, the next major innovation here is the Boston Assessment of TBI-Lifetime. When TRACTS began and we began testing in 2010, we were really not very happy with the state of assessment for TBI. And we really felt like we needed to develop our own tool. And that became the Boston Assessment of TBI-Lifetime. It was a battle. What it is, it basically uses the CAPS interview as a model. And it is a semi-structured clinical interview that’s administered by a doctoral-level psychologist where we assess not only for current TBI or military TBI. We want to take the entire spectrum, and we look for any kinds of exposure to head injury during childhood that might affect a person's current state, as well as military TBI, broken out into a full assessment of any kind of blast exposures while they were deployed. We have them estimate their blast exposures by proximity. So we have distance from blast, which we can use to look at the, see its effects on various functions. And then we also look to see whether anyone has sustained a TBI or possible head injury after they’ve come back from deployment. As you know, many of these men and women have now been home for over 10 years. So that's also another critical piece. I kind of left out that that assessment parallels CAPS, because we do exactly the same thing when we’re assessing for TBI. We assess for childhood trauma. And we derive a CAPS score for any kind of pre-military childhood traumatic psychological event, and then the military, the current score.  And then we also look to see whether there's been any worse time post their release from the military. And then our day wraps up with the an hour and a half time in the MRI scanner. If you can believe, people are okay with being in the scanner for that long. It’s really remarkable. But we do a series of both structural and functional neuroimaging scans. The structural scans we can derive measures of cortical volume, cortical thickness, which is the other layer of gray matter across the whole surface of the brain. We have a very high-tech, sensitive fusion imaging where we can look at the integrity of the white matter inside the brain. We have a series of resting state network sequences from which we can look at resting state networks, as well as functional connectivity. And we do have some task-based fMRI, which we kind of used as an experimental space to kind of test out different kinds of experimental procedures that our investigators love to try out. So here we have a poll question.

Moderator: I’m sorry, Regina. I didn’t mean to interrupt. The poll question is up. Do you know what the definition of a mild traumatic brain injury is? And, quite simply, answer please: yes or no. Regina, the votes are flying in. We usually wait until we get about 80% or more. And we’re about to that point. 

Dr. Regina McGlinchey: Okay. Okay.

Moderator:  So things have started to slow down and we’re about at that number. So I’m going to close the poll and share it out. And we see that 85% of your attendees answered yes, that they do know what the definition of a mild traumatic brain injury is. And only 15% answered no. 

Dr. Regina McGlinchey: Okay. That’s great. So I’m going to advance this if I can. Just to provide any additional information on our measure of the Boston Assessment of Traumatic Brain Injury Lifetime. This is the first page of the validation study. It was published in the Journal of Head Trauma and Rehabilitation in 2014. Catherine Fortier is the primary author of that study. And we also did another study that compared the correspondences of the battle to the clinical interview in the VA screen. So people who are interested in that can look that up. And just to see that we’re all on the page in terms of what the definition of a mild traumatic brain injury is, this is the DOD criteria for all severities, mild, moderate and severe. TRACTS is really concerned primarily in the mild domain where we see a loss of consciousness less than 30 minutes and/or alteration of mental status less than 24 hours, and post-traumatic amnesia of less than one day. 

So I just want to, one thing that I find that people are often confused about in terms of the definition of TBI is alteration of mental status sometimes get confused with symptoms that can happen following TBI days or weeks later. And that’s an issue we will get to later. But here alterations in mental status really means a change in cognitive status, so whether someone is experiencing slowness of thought. Or the kind of things, like on a football field they’re running to the wrong bench or they’re running to the opposite goal line. Those kind of actual cognitive thinking problems. 

So now I’m going to get into a little bit of the data that we’ve collected. So this slide depicts the severity based on the battle of TBI in the deployed. TRACTS participants are in here, it’s 456. We have the categories of mild, moderate, severe. Deployment blast is on the left, in the middle column, and then military other. So deployment blast means that the TBI was associated with a blast event. Military other means it was more likely a blunt event, such as a fall or some other kind of hit in the head. You can see, like other studies in the TRACTS cohort, the clear majority of injuries are mild. And then just the kind of take home, the point that it's important to look at  pre-military and post-military possible injuries. You can see that 41% of the TRACTS sample had a head injury going into deployment, with the majority of the more moderate and severe injuries that we see in the TRACTS cohort actually did happen pre-deployment. 

This slide is a little bit complicated. But these are data again from the battle, looking at blast exposures. So these are not necessarily things that wound up causing a traumatic brain injury or concussion. Across the top, as I mentioned, we have people estimate the distances from their blasts. So we have less than 10 meters away, 11 to 25 meters and 26 to 100. And then in the final column was the total blast exposures less than 100 meters.  And I think one thing that we really want to point out here is to look at this, our TRACTS sample, 83% of the sample experience blast exposure less than 100 meters. Another thing to notice is that the mean blast per service member within 10 meters, which is really very close, there was an average of three. And then the number of service members exposed who did have a close blast experience was almost half of the sample. There was  several papers that TRACTS has published over the last few years that really wants to underscore how important this is. Because in Robinson's paper that was published in 2015, Meghan Robinson is a postdoctoral fellow at TRACTS. Ben Trotter had a Masters degree and has subsequently gone on to medical school. But they have demonstrated that we see both functional changes in the brain, both functional connectivity changes in the brain of Veterans exposed to close blasts. And this was regardless of whether they had symptoms of concussion at the time of the blast. So people who were within 10 meters, even if they didn't feel any alteration in mental status or PTA or LOC, they were still showing these functional connectivity changes year after the exposure. And similarly, in Ben Trotter's paper, we saw military blast exposure causing or associated with white matter integrity changes based on PTI neuroimaging. 

So we find these two studies were really kind of alarming. Because what it’s telling us is, you know, the VA and perhaps the DOD don't have to just worry about the TBIs. We really need to worry about these exposures, regardless of whether they wound up with symptoms of TBI. So in fact, our theory is that the problem that we might be having to deal with might be a little bigger than we originally thought. 


So now I’m going move on to what we see as the baseline characteristics of the TRACTS sample. So here we have the total sample and the percentages of cases in the TRACTS sample with PTSD. You can see it’s a high rate, 63% meet diagnosis for PTSD. Over half the sample has a depressive disorder. Whoops, I’m sorry. I didn’t want to show that just yet. And then if we jump down here, we can look at pain and sleep, which are highly prevalent, 71% and 80% of our sample having problems in those areas. And then another thing I want to point out is that over 50%, 57%, of the TRACTS sample have three or more comorbidity. So in addition to TBI they have these other clinical conditions, about 57% having three or more. So now I’m going to break those numbers out into people who have military TBI versus no military TBI. And we can see kind of the synergy that we hear about in the literature, whereby those who have sustained a military TBI have much higher rates of all these clinical comorbidities, as well. So significantly higher PTSD rates, higher rates of depression and panic disorder, again, pain and sleep. And now we actually see that the number of individuals in the TRACTS sample who have three or more co-morbidities jumps up to nearly three quarters of the sample. 

So what we take from these data are that our Veterans are really presenting with a very complex combination of these various conditions, all of which could be affecting their functional outcome as well as their reintegration into society. But what these data really don’t tell us in a satisfactory way is if, and if so, how these conditions tend to cluster together. So we know there are three or more. But are there any kinds of rules that make some kind of biological sense, or any kind of cohesive sense of the way that they are clustering, that may give us a window that could help us design some treatments? 

So we addressed this particular problem in a study that was published in 2015 by Sarah Lippa, who again, was a postdoctoral fellow with us at TRACTS, who’s now actually at Walter Reed. And in this study we conducted a factor analysis of all the relevant psychiatric and behavioral conditions that we found to be present in the TRACTS sample. So basically we took the all these conditions that we saw and did a factor analysis. And what the factor analysis is going to enable us to do is to empirically cluster these different conditions into kind of groups that are based on the strength of the shared variance. And break groups apart based on, that would make them share the least amount of variance. So what the factor analysis is going to do is going to group things that are similar, and separate them from other things that are similar to each other. So that’s what this slide depicts. You can see that this study was done a little bit from earlier where the N was at 255. But you see we had a four factor solution. So that statistical procedure where mTBI, mood disorder and PTSD clustered together. We see pain and sleep clustering together. We see alcohol abuse and dependence and other substance abuse and dependence clustering together. And then these anxiety disorders. So we thought for a factor analysis, this actually makes a lot of sense. It’s got some, at least face validity to it. We labeled that factor one was deployment trauma phenotype. Because we thought that those three conditions really defined kind of the deployment experience. And then these other things may have come later. So we have the pain and sleep factor, substance abuse cluster, and then an anxiety cluster. 


So our next step was, that’s kind of the statistical procedure to say that these things hold together. What we wanted to do is then go into the dataset and identify people who met those particular kinds of clusters. So we see here in this venn diagram, people in red were people who met all three conditions. So the deployment trauma cluster or phenotype, yellow, are all people who had pain and sleep. Purple or blue is substance abuse, and then the anxiety disorder. 

So we see here that pain and sleep is just so highly prevalent in the sample. And deployment trauma accounting for about 16% of the sample. But what was really remarkable was when we related these factors to functional disability, which we defined using a WHODAS score, that 16% of people who had the deployment trauma phenotype, mild TBI, PTSD, and depression, accounted for 73% of the substantial disability in the sample. And so we really found that very striking and remarkable. And just to kind of bring you up to date, because that was published a while ago, I wanted to rerun those numbers now with the much larger TRACTS sample size, now up to 435. That was actually the last release from the most recent, and again we find the deployment trauma phenotype is associated with a higher percentage of substantial disability in the TRACTS  samples. 

Now, the next study I wanted to talk about, shifting gears only slightly, was really going to briefly, where am I? Sorry. The goal in this present study was really to look at the presence of deployment trauma phenotype in a national sample. So we thought the findings of Lippa were really exciting and remarkable. But is that just based on the convenience sample that we have in TRACTS, or is there really evidence for this similar kind of phenomena in a national sample? So here, this study was conducted by primarily Melissa Amick, who is an investigator at VA Boston and associated with TRACTS, as well as Mark Meterko, who was over at HSR&D and CHOIR at the time. And the goal here was really to examine the prevalence of deployment trauma phenotype and its constituent diagnoses in a large national sample of OEF Veterans, and to explore the relationships of these TBI and mental health conditions to unemployment status as our primary outcome measure. 

So in the TRACTS sample what we had was the WHODAS score. And here we’re using the real life measure of unemployment. So this flow diagram, I’m not going to go through the entire thing. But you can see up here at step number one, we used people who had screened positive on the four item screen for TBI, who were then referred on to the total comprehensive TBI evaluation at VA. So our big number was 46,140. We can step through these various exclusion criteria. Then what we wind up with, finally, is an N of 48,822. Now one thing I want to just point out here that I think was really important in this study is that one of the exclusion criteria was based on symptom validity on the neurobehavioral symptom inventory, which is actually included in the TBTI. We know that people who go through the poly-trauma and go through TBTI evaluation have a relatively high rate of symptom validity failure. Some even, estimates as high as 50%. And there’s actually, from the TRACTS sample, I can say it’s down below eight. So the research in the clinical setting does have an effect on this. I just want to point out that this assessment of response validity is really very rarely done in population-based studies. But in this instance, for those reasons, we felt it was really a critical last exclusionary step.  

So here are the demographic and clinical characterizations for this study. I’m not going to go through the whole thing. But what I do want to point out that we found highly remarkable was that the prevalence of TBI, PTSD, and depression, so in other words, the deployment trauma phenotype was 16.37% of this national-based sample. That’s almost identical to the percentage that we found in our convenience sample at TRACTS.  

Now including, in addition to using the NRBS, Neurobehavioral Symptom Inventory as a measure of credible symptoms, it’s often used to measure post-concussive symptoms, which is actually a topic I’m going to get into more detail shortly. But for these purposes we can think of the score on the NSI as really being a compilation of symptoms, such as dizziness, fatigue, concentration problems, problems with headaches, irritability, and the like. And we know that the higher the score on the NSI, the more symptoms a person endorses. 

So in this slide here, I point you down to the bottom row where you see people with deployment trauma phenotype having a higher symptom burden on the NSI, followed by PTSD and depression. And another major point to point out here is that individuals with mild TBI only, without any of the other comorbidities, actually have the lowest score on the NSI. So here is kind of the money figure for this study. It’s pretty complicated. So I'm gonna just walk you through it. We see on the Y-axis here is the percentage of people in that national sample that were out of the workforce. And on the X-axis we have our diagnostic groups that comprise the deployment trauma phenotype, which is over here on the left, PTSD and depression there, mild TBI, depression, and then the two ways, and then the single diagnoses. 

So again, I want to point out that the first thing to notice is this low rate of unemployment for individuals who have TBI only. I should back up a second. I’m sorry, this dash line up here represents the unemployment rate for people in this sample who had no diagnoses whatsoever. So they were kind of the control group. And then this solid line represents the national average of unemployment at the time of the study. So you can see the mTBI group is much, much lower than anyone else in the study. And at 8.6 is very compatible, actually, at that time to the national average. Now why that is is a little unclear. We’ve kind of interpreted this to mean that this particular group may be highly resilient and not susceptible to have acquired some of these other clinical conditions. So then the second thing to notice is that the PTSD and depression in the DTP groups are really showing significantly higher rates of unemployment than either one of those controls, with almost 20% out of the workforce in each one of those. 

So in conclusion, with this study, this is our first extension of our original findings on DTP. And it really reveals almost an identical rate of deployment trauma phenotype in a large epidemiological sample. The prevalence rate was almost identical, 16.4 in TRACTS and 16.9 in the laboratory. This is a little concerning to say the least. Because this would actually extrapolate out of the entire OEF/OIF cohort to suggest that over 300 of our Veterans may have this deployment trauma phenotype, which would be very predictive of poor outcomes and something that we really perhaps need to target.

Secondly, we found that mild TBI with no other diagnosis was associated with the fewest neurobehavioral symptoms on the NSI, as well as the lowest rate of unemployment. Again we think this may represent some resiliency in these individuals. But we will obviously have to follow that up. And thirdly, the primary findings that emphasize the devastating consequences of comorbid depression, PTSD, and mTBI in this sample of Veterans. We have another poll question before I transition to another section. 

Moderator: The poll is up asking the question true or false: Symptoms at the time of acute concussion are directly linked to the long-term consequences of that injury. Please answer true or false. Answers are streaming in. We’ll give people a few more moments to go ahead and answer. 

Dr. Regina McGlinchey: Okay.

Moderator: Things have slowed down, so I’ll go ahead and close the poll, share it out. And we see that 41% answered true. And 59% answered false. Back to you, Regina. 

Dr. Regina McGlinchey: Okay. That’s a little closer. And maybe hopefully we can shed a little more light here.  Okay. So a few moments ago I mentioned to you that the NSI, the Neurobehavioral Symptoms Inventory, has traditionally been used as a measure of post-concussive symptoms. But recent findings in the literature, and some of our attendees noted, that PTS symptoms are really, the literature has demonstrated recently to be, kind of non-specific to TBI and can actually even occur in the absence of TBI. 

So these observations suggest that the relationship between concussion and neurobehavioral symptoms which are actually thought to reflect post-concussive syndrome is much more complicated than previously thought, and may be influenced by other psychological or behavioral co-occurring factors in these individuals. So we felt we were really at a fortunate situation to use the rich data set of the TRACTS cohort to better evaluate the origins of PCS in a large group of well characterized Veterans who have relatively high rates of comorbidities, as well as mTBIs. 

So for this study, we really had two primary aims of our study. First, to look at the ability of concussions and blast exposure, as well as psychiatric conditions and behavioral factors, to predict neurobehavioral symptoms in both a cross-sectional as well as a longitudinal sample of the TRACTS data tests.  And secondly, we use structural equation modeling to assess the direct as well as indirect path of the relationships between TBI and blast exposure on the one hand, and neurobehavioral symptoms on the other, as mediated through these psychiatric and behavioral conditions. This is the diagram of the sample size. We wind up with a sample size for the cross sectional analysis that’s 351. I want to mention here that, this is really important, we included only those individuals deployed. The OEF/OIF, we also included only those people who passed the symptom validity tests. And then we also wanted to exclude people who had moderate or severe TBI so that we’re really looking at the phenomenon of mild TBI. So that’s where we get the 351. And then for our longitudinal sample, we started with a group of 322. Obviously we had to keep it for those who return for follow up. I want to note that we’re really pretty proud of this in TRACTS . We have a 69% retention rate from baseline enrollment to Time 2. These obviously passed the symptom validity tests. And so we wind up with a sample of 160. So here are the demographic and clinical characteristics of this group. I don’t want to spend a whole lot of time here, except to just point out that the age range is pretty simple. And the entire sample, versus the subsample for which we have longitudinal data, as well as the prevalence of PTSD, mood disorders, sleep, and pain are also relatively comparable across the sample.  

So here is our hierarchical regression.  You can see the cross sectional model on the top of this graph and the longitudinal model on the bottom of this graph. And although there’s a lot of numbers here, I can hopefully just walk you through this. The demographic factors, including things like age, education, gender accounted for about 3% of the variance in the model. When we enter psychological and behavioral factors, we see the R square jumps up to about 55%, which is a very respectable number here. And then this next number, 0.5148, is actually the amount of variance accounted for after taking into account the demographic and psychological behavioral factors. So that’s highly significant. 

Now the next line is where we enter the military TBI kind of factors, which is where we see, we basically replicate what other people have found on a straight regression model. We see that 56% of the variance can be accounted by this factor. But importantly, after you take into account the demographics and the contributions from the psychological behavioral factors, we’re down to about 1% of the variance accounted for by military TBI. Now looking at the longitudinal model, here we’re using baseline information on demographics, psychological and military TBI to predict the NSI score at follow-up. So this is our predictive model. We replicate about 3% of the variance counted score by demographics. Adding psychological behavioral measures, we jump down to about 31%, which is still very significant and probably reflects the drop in sample size. And again, we still have a highly significant amount of variance that’s accounted for in the longitudinal model once you take into account the demographics and psychological behavioral factors. So that is, again, a significant model. Going to move down one more, and we see that by itself, military TBI accounts for only about 31% of the variance. But again, the amount of variance that is accounted for once we take in to these other factors, actually disappears to less than 1%.  

This next table reflects a cross validation, a K-fold cross-validation. So this is kind of fancy statistics here. But I don't think we need to go into too much detail. 



You’ll see that these numbers here are the numbers that we just, I just showed you. K validation, cross validation, is basically a statistical measure where we randomly split the entire sample into ten groups of equal size. Each group is sequentially left out of the data set while the model is fit to the other data, so we can see this is kind of a leave-one-out situation and you run through ten folds of this, and we basically replicate exactly what we found in our straight hierarchical regression analyses.  Where, again, once we take into the psychological and behavioral measures there’s really very little variance accounted for. So what this is telling us, is it gives us confidence that this model is actually generalizable to other kinds of, to other samples. So this gives us some confidence of what it is, what we’re concluding. 

Here we get to kind of a fancy path analysis. This is restricted to the cross-sectional data, the baseline data, because that's where we have enough of the sample size to do this. Over on the left hand side we have baseline psychological trauma history, as well as TBI history, and over on the right-hand side you can see that were trying to predict the NSI subscale in clusters over here. What we see in the middle are the moderating variables, and what is so remarkable, first off, is there is not one direct line linking TBI history to any of the NSI sub-scores. They're all having their effects through moderating the PTSD symptom severity, and then moving on and having an effect on NSI subscales.  So this tells us that mTBI does not have a significant direct effect on NSI scores and the relationship between mTBI and NSI scores is really indirect and mediated by these PTSD symptom clusters. So one thing that was left unanswered here in TBI history, this is from the battle, and as I mentioned early on, we really look at TBI history, not in terms of just TBI regardless of etiology. We break it out into whether it’s kind of a clunk on the head from a fall or something that hit your head, versus the psychologically traumatic experience of being exposed to blast. 

So in this model, what we do is we break out TBI into the blast and blunt kinds of TBI, and we see that what we found in the previous path analysis is really being driven by the blast TBI, which is really having effect on these PTSD clusters. Makes a lot of common sense, but this is really kind of the first time that we've been able to chart this kind of path. So the causal path in PTSD symptoms really derived from mild TBI related to blast exposure and not blunt injury. So the conclusion that we can draw with regard to the NSI and those path analyses is that a history of concussion is really a negligible predictor of long-term neurobehavioral symptom reporting, compared to the very substantial predictive ability of psychological and behavioral related conditions. So we really feel like these long-term neurobehavioral symptoms that have been typically considered as post-concussive symptoms are actually more likely a reflection of these common comorbidities than of the concussion itself. And co-occurring conditions such as PTSD and chronic pain, and not the head injury, itself, lead to high levels of neurobehavioral symptom reporting endorsement on the NSI.  But as we mentioned, TBI does play a role in the development or exacerbation of conditions in those symptoms clusters in PTSD and pain, and thus they do indirectly influence, sorry, neurobehavioral symptoms. 

So I'm moving on kind of to the final aspect of what I'd like to talk about today. And this is something we call PTSD Symptom Trajectory Analysis, and what we do here, is we look at the CAPS. And what we’re concerned with is how CAPS scores change over time between our enrollment and our one to two year follow-up.  One thing that we did was we defined change groups that were based on determining a reliable change index. I’ll describe that a little bit better when I have a chart up in a second. But basically, the reliable change index determines cut-off for change between two time points that’s unlikely to be due to just simple measurement unreliability. I like to think of it kind of as a confidence interval in which you wouldn’t want to make, draw any big conclusions, but once things are outside that confidence interval, we feel like we’re on a little more solid ground and changes that are that large could be due to additional stressors or interventions, or other natural disease progression. So here is the sample where we could do this. We have kind of a 2 x 2 table here, baseline PTSD diagnosis over the top, yes, no. And then the follow-up PTSD diagnosis on the left. Yes, no. I’ll direct your attention to these, to the diagonal here, where we see that 78% of the participants had a concurrent, either yes or no, between their baseline CAPS scores and the follow-up scores, one to two year later. 

Then on the opposite diagonal here, we see the people who switched categories. But just a note of these 16 participants who were newly diagnosed with PTSD at follow-up, so no baseline, yes at follow-up. Four of those had actually been redeployed or reported a new traumatic event between the two time periods, and the ones here who were yes at baseline and no at follow-up, actually at follow-up retained a partial PTSD diagnosis at time two. So here’s the graph where we see how we define the reliable change index, and this middle ground with no change group, changed very little. And this was the group with less symptomatics, so they actually got a little better. And here's a group over here that got a little worse. We’re going to focus only on people here who had PTSD at baseline. So our regular_

Moderator: I’m sorry to interrupt. I’m sorry, I didn’t mean to be disruptive, but it's now 2:55 and you have a couple questions. I’d just like a chance to let the audience members know that if you do have to leave, that's quite alright. Please just fill out the survey at the end and we will probably be staying a little bit late. Right, Dr. McGlinchey, to answer some questions. 

Dr. Regina McGlinchey: I can fly through these in about a minute, because the story is the same across all of these. 

Moderator: Well pardon the interruption, I am sorry. 

Dr. Regina McGlinchey:  No, no, no sorry, I didn’t realize we had gotten so late. So here we’re looking at the effects of the common comorbidities in the change in PTSD score from baseline to follow-up. So what we see here looking at the blue, which is the worsening of symptoms, so the risk of PTSD symptoms getting worse between baseline and follow-up was present for those who had comorbid mood disorders at follow-up. They also had a much lesser chance of getting better. We see the same pattern here, where people who had two and a half, 2.2 times the risk of symptoms worsening between baseline and follow-up. If they had anxiety disorders at baseline,, then they were also much less likely to get any better. Same story for all of these, and then the only thing I want to point out here is, that is not the case for military at lifetime TBI's where the percentages stay about the same, which we think probably reflects the fact that the effect of TBI is relatively stable over time. Deployment trauma phenotype, I want to just point here, has the lowest rates of people improving over time, and this may be a little deceiving because their PTSD scores were actually very high, so there really wasn't a lot of room for change. So we see that really as a salient effect here. And I'm going to jump through those and just come to some overall conclusions, that mild TBI alone should not be expected to have negative outcomes. Attributing PCS to mild in this group is likely to lead to negative or iatrogenic effects than it is to appropriate treatment. Data are clear that when mild TBI occurs under traumatic circumstances, or accompanied by other trauma, more likely to have significant clinical implications. And we feel that the deployment trauma phenotype really may represent a syndrome that, in its collective effects on function is much, much worse than any of the individual constituent parts or pairs of diagnoses. So I will stop there. Thank you for your attention.

Moderator: Regina, we have a couple questions. Again, sorry for the interruption, but I thought you’d want to answer these. And I’ll just jump right in. How accurate are self-provided information regarding the proximity of the blast, particularly in individuals who are 8 to 10 years out from the event? Is there any data to support or refute recall bias in these situations, or how accurate they are?

Dr. Regina McGlinchey: Well, it’s a very good question and thank you. Our battle questionnaire is really kind of a forensic interview, and while we certainly do have to be careful in our interpretation, we try to orient them to what those distances are, with less than 10 meters will really be equivalent to about the length of two parking spaces. Eleven to 25 being between home base and first base. And then a football field. So people have a pretty good idea of what those distances are. And we really haven't had too much trouble for people being able to get into context with that. And as far as any kind of validity data we have, we cannot get medical records for this, but we are finding kind of dose effects that are logical as far as those brain changes that I mentioned in both the Robinson and Trotter paper, showing that we are seeing differences in alterations in brain structure and function as a function of those distances. 

Moderator: Great, thank you. Thank you again for agreeing to stay a little bit late. Dr. DePalma, in case you have to leave, would you like to make closing statements now or would you just_

Dr. Michael DePalma: No, not at all, please go ahead with the questions, very important. This is a very complicated, elegant presentation and we can stay five or ten minutes over if Regina agrees.

Dr. Regina McGlinchey: Of course, absolutely. 

Moderator: Okay, great, well I only have one question right now. So, audience members, you heard, we can stay up to 10 minutes. Please don’t flood us, but if you have something really important you want to ask, please go ahead. Next question is, have you researched vestibular disorders as another cause. 

Dr. Regina McGlinchey: We actually have not done that. We have a colleague who is actually also conducting basically the TRACTS cohort over in England. His name is David Wilkinson. He was a fellow of ours for a couple of years and I think his data is starting to come out in Britain, but I would not feel very comfortable speaking out on that.

Moderator: Okay. Thank you. Audience members, If you don't already know there's a questions pane in the Go To Webinar dashboard where you can type a question. The question is, this is a comment from the person who asked the previous question. He says we are, and there is a study from the VA. 

Dr. Regina McGlinchey: Can you repeat that again? 

Moderator: The person who asked the question, have you researched vestibular disorders is another cause, wrote in a comment while you are answering, that we are, and there is a study from the VA, it is interesting that there is an 81% correlation.

Dr. Regina McGlinchey: Correlation. 

Moderator: Correlation, right.
Dr. Regina McGlinchey: Between?
Moderator: I’m not sure.
Dr. Regina McGlinchey: Between vestibular and the closeness of blast? 
Moderator: He says vestibular and PTSD. 
Dr. Regina McGlinchey: I believe that. I don't question that at all.  I think that the closeness to the blast we’re finding is associated with much higher levels of PTSD. The blast wave would have, no doubt, would impact the vestibular system. So, our data can't speak to that, but that makes a lot of sense to me.  

Dr. Michael DePalma: If I can add, this is Dr. Depalma. Some of the acute studies list vestibular dysfunctions as one of the most common manifestations of acute blast injury. 

Dr. Regina McGlinchey: Yeah, yeah.

Dr. Michael DePalma: The acute studies, that is. 

Dr. Regina McGlinchey: Yeah, acute studies. As you know, our samples are years post-deployment, some of them we’ve had come in within six months of their deployment, but we’re really looking at a much more chronic group.

Moderator. Thank you, doctors. Let’s move on. Although you have checked for symptom validation, do you have data on the effect of financial compensation for disability? TBI tends to have only up to 10% SC-rated disability, while PTSD can go up to 100% SC disability, and hence much, much higher financial incentive.

 Dr. Regina McGlinchey: I think that that probably is part of, certainly part of the discrepancy that we see in the symptom validity data between the research studies and what we see in poly-trauma. We actually, I mentioned one of our postdocs, Colleen Jackson  has just recently published a paper where she actually looked at the subset of individuals in the TRACTS cohort who had also gone through poly-trauma and looked at it both ways. Where they went to poly trauma first, and then TRACTS, or TRACTS and then poly-trauma. And there really is a big discrepancy, so there does seem to be an incentive involved, at least on the clinical side, with symptom validity. 

Moderator: Thank you. Has the VA or any other organization completed research on the connection between mTBI and increased stroke probability?

Dr. Regina McGlinchey: Increased stroke probability I am not familiar with. I think that there has been a major push here to look at whether mild TBI is a factor in the development of later life Alzheimer's disease, and there are some data that speak to that issue, kind of going both, agreeing with that possibility, as well as some data refuting it. We have a number of people that are working with TRACTS data who are up in the National Center for PTSD in the behavioral science division. This is Mark Miller's group and they are really diving into that problem, or that issue, wholeheartedly, because they are really dealing with the genetic markers and seeing whether there is some kind of increased risk that seems to be moderated by genetic factors. But as far as stroke goes, I'm not familiar with that. 

Moderator: As data comes out on blood testing correlation to brain injury, would you consider comparing blood test results to NSI or other symptom patterns?

Dr. Regina McGlinchey:  Sure, absolutely. We are we are really trying to build up our dataset in terms of the blood and plasma-based markers, and those are exactly the kinds of things we’re planning to do, not only for TBI but also for PTSD, and whether some of these, you know, really interesting combination of conditions that we see that seem to have different trajectories as far as functional income. Whether we can understand that at some kind of biological level as well.  Having a blood marker for TBI that would be sensitive both at the acute level and so that we can track recovery over time and know when people would be ready to return to service or, in the civilian sector, return to play, would just be an immense advance. 

Moderator: We have a few more left. How does later delayed examination of blast soldiers play into the diagnosis? 
	
	
	
	


Dr. Regina McGlinchey: The diagnosis of?

Moderator: This person goes on i.e. in early 2003, 2005 OIF, many soldiers were not treated for blast exposure until they returned to the US. 

Dr. Regina McGlinchey:  Yeah, I think that that's probably true, and I think we didn't understand at that point that exposures to blasts could have the kind of long-term impact that they do have. And I think that a lot of the service members out in the field, they were shaking those kinds of injuries off. It’s a relatively new phenomenon for people to survive some of these more intense blasts, and that certainly owes to the fact that we’ve had such advances in body armor and medical transport. So I'm not sure that there is another group in the country that are really paying, I mean people are paying attention to blast TBI, but our data is really suggesting that we need to worry about blast exposures,  whether or not they are accompanied by acute symptoms in the case of TBI. 

Moderator: Great, and this is the last one we’ll have time for. Does the blast exposure effect on connectivity and brain have direct effect on PTSD development? 

Dr. Regina McGlinchey:  That's certainly a million-dollar question. I don't know the answer to that. I think that’s a line of inquiry that were that we’re pursuing. It certainly looks like some of the alterations in the connectivity, of the different areas of connectivity in the brain would be consistent with some of those circuits that we know to be impacted in PTSD, such as amygdala reactivity and its connection to frontal lobe systems, so that that's an area that we are actively pursuing.

Moderator: Alright, thank you, doctors. Now if you like, go ahead and make closing comments.

Dr. Michael DePalma:  Well, would like to thank Regina for this wonderful presentation. There was a high of a 115 attendees listening in, and we thank you very much, Robert. And Regina do you have further comments?

Dr. Regina McGlinchey: Not really. I think I’m sorry to have smooshed a lot into this time period. Each one of these areas really represents a whole program of research at TRACTS, and there's also many other things going on that I did not have time to talk about, that maybe over time we can bring people bring people in on. As I mentioned, the genetic program that we have going is really by Mark Miller's group and Erica Wolf and Mark Logue have really begun, and Jasmeet Hayes is really starting to uncover some of the very complicated ways in which our genetics and other biomarkers are interacting to produce these kind of complex behavioral conditions. We also have another line of inquiry where we’re very concerned about the effects of early life, both physical brain trauma and psychological trauma, and how that plays out in individuals who re-experience trauma during military. And we’re also really trying to use the TRACTS cohort and the TRACTS cohort data now as kind of a testing ground so that we can then go out into the national dataset and try and verify, like I showed you with DTP. I also should really mention that all of the data that we collect in TRACTS gets put into the TRACTS data repository and all that data, by design, we’ve done this to make available to other researchers both in the VA and outside the VA. So we do have a number of other groups that are using this data, and if anybody’s welcome to kind of pursue that route, we would really love to hear from them.
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