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Introduction: 

Marine Resi liency Study II (MRS II) is a collaborative project with an overarching objective to develop a 
platform to provide early analysis of predictors of mental health outcomes, such as PostTraumatic Stress in 
Marines, in coordination with the Army Study of Risk and Resilience (Army STARRS) program, by evaluating 
the physical , family, social, cognitive and mental health status of ground combat Marines deploying to Iraq and 
Afghanistan. They study aims to achieve these objectives through three main components. The three 
components of MRS II will provide for: 1) Extended evaluation and additional follow-up assessments of 
remaining active duty Marines in battalions previously assessed by Marine Resiliency Study I (MRS I), a 
prospective, longitudinal assessment of 2,500 Marines pre- and post-deployment across psychological, 
physiological and biological domains. 2) A MRS II specific assessment of Marines in battalions slated for 
deployment to enable the use of novel, stand-alone pre- and post- deployment measures independent of other 
ongoing projects, but can be designed to coordinate with measures used in the United States Army's Study to 
Assess Risk and Resilience in Service members (STARRS). 3) PiloUDemonstration projects based on the data 
from the original and MRS II study for a series of small studies to investigate the feasibility of targeted 
prevention or intervention protocols, or the use of new technologies to identify biomarkers. A specific goal of 
these small studies would be to determine feasibility and to estimate effect sizes from more extensive studies 
in larger Department of Defense groups, such as that from Army STARRS. 

Body: 

The primary programmatic aim of the Marine Resiliency II (MRS II) is to identify the individual, social. and 
deployment factors that predict trajectories of mental health response, particularly posttraumatic stress 
disorder (PTSD), and secondly, by integrating and analyzing data across psychosocial, physiological and 
biological domains, to accomplish a broader multi-system understanding of the phenomenology of adaptation 
to stress. 

The specific objectives of this collaboration and implementation of MRS II are to: 

1. Provide extended assessment information from Marines already enrolled in MRS I so as to more 
accurately identify modifiable stressors for HQMC that most stmngly predict mental health and 
functional outcomes. 

2. In coordination with HQMC, NIMH and Army STARRS, to provide longitudinal psychosocial and 
biological data collection and analyses so as to better understand causes and risk of suicide across 
services. 

3. In coordination with HQMC, NIMH and Army STARRS, to explore modifiable psychophysiological, 
biological and genetic biomarkers predictive of post-deployment mental health outcomes. 

4. In coordination with HQMC, NIMH and Army STARRS, to test the feasibility of specific experimental 
designs such as targeted prevention or treatment protocols, or the use of new technology (e.g. MEG). 

5. In coordination with HQMC, NIMH and Army STARRS, to determine feasibility and estimate effect 
sizes of experimental designs in smaller Marine cohorts for more extensive studies using the Army 
STARRS cohort 

Task 1: To extend the number of assessment time-points and the evaluation period for all available Marines 
participating in the Marine Resiliency Study (MRS). Marines available include Marines from Cohort 3 (300 
Marines from 3/4, 29 Palms) and Cohort 4 (400 Marines from 3/5 and 1st CEB, Pendleton). Regulatory 
approval (University of California (UCSD), Veterans Affairs (VA) and Naval Health Research Center (NHRC)) 
is current: IRB # 070533. 

Task 1 a: Cohort 3 extended post-deployment data collection 
• Subtask 1: Organize and maintain materials for data collection 
• Subt ask 2: Data collection 
• Subtask 3: Data entry and cleaning 
• Subt ask 4: Data integration and analysis 
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Task 1 b: Cohort 4 extended post-deployment data collection 
• Subtask 1: Organize materials for data collection 
• Subtask 2: Data collection 
• Subtask 3: Data entry and cleaning 
• Subtask 4: Data integration and analysis 

Current status of Task 1 a and 1 b: 

Task 1a: Data gathering for MRS-II Project 1, (Extension Study), is complete, and data entry and cleaning 
have also been completed. 97 subjects were successfully enrolled into this part of the project in January of 
2012. Primary analysis for this task has been completed and data has been reported in manuscripts. (subtask 
4). 

Task 1b: Assessments for MRS-II , Project 1, (Extension Study) were not collected, since 3/5 and 1st CEB unit 
did not go on a deployment. 

Summary of Task 1 a and 1 b: AIIIRB approvals (UCSD, VA. and NHRC) for MRS-II, Project 1 ,(Extension) 
remain current and Core analysis has been completed reported in manuscripts. Additional ancillary analysis is 
ongoing and all papers and data will be shared with NMLC and Marine Corps Headquarters. 

Task 2: To identify biomarker predictors of PTSD and suicide vulnerability in newly enrolled Marines, pre- and 
post- deployment, using measures that can be designed to coordinate with those used in Army STARRS. 
Specifics of these experimental designs will be developed in concert with NIMH, HQMC and Army STARRS. 

These tasks are dictated by DOD and USMC leadership in that the dates that the project can be executed 
based on deployment and training dates of currently participating battalions and potential battalions. Data 
collection timeframes are subject to change based on these schedules. 

Task 2a: Novel pre-post-deployment research design, coordinated with Army STARRS, 1stbattalion 
• Subtask 1: Development of experimental design 
• Subtask 2: Regulatory approval; amendment or new IRS 
• Subtask 3: Data collection 
• Subtask 4~ Data entry and cleaning 
• Subtask 5: Data integration and analysis 

Task 2b: Novel post-deployment research design, coordination with Army STARRS, 2nd battalion 
• Subtask 1: Development of experimental design 
• Subtask 2: Regulatory approval ; amendment or new IRS 
• Subtask 3: Data collection 
• Subtask 4: Data entry and cleaning 
• Subtask 5: Data integration and analysis 

Current status of Task 2a and 2b: 

Task 2a: For MRS-II, Project 2a (Neuro-cognition Study) deploying Marines from 1/7 were assessed during the 
allotted 2012 timeframe. In total 570 Marines were available and consented with cohort 1 (Task 2a). Seven 
Marines declined study participation. Of enrolled Marines, 569 completed the pre-deployment study 
assessments. 428 Marines completed their post-deployment assessment for a total retention rate of 75.1% of 
all subjects participating in this portion of the study. 

Task 2b: The MRS-II military liaison and MRS staff identified a second battalion of deploying Marines (2/7) to 
complete study recruitment goals. Assessments of these deploying Marines took place at 29 Palms Marine 
Base. 625 Marines were available and consented. 34 Marines declined study participation. Of enrolled 
Marines, 458 Marines completed their post-deployment assessment for a total retention rate of 73.3% of all 
subjects participating in this portion of the study. 
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Summary of Tasks 2a and 2b: Thus total enrollment for Project 2 wass 1195 recruited, 41 declined and 1190 
completions of the pre-deployment assessments. 886 Marines completed their post-deployment, for an overall 
retention rate of 75.5% for this portion of the project. A small recruitment of non-deployed subjects (3/7) was 
completed with 3/7 with a total enrollment of 195 recruited, 2 declined and 195 completions of the pre­
deployment assessments. 163 Marines from this group completed their post-deployment, for an overall 
retention rate of 83.6%. Our goal in recruiting and assessing non-deploying Marines served as a non­
deployment control group. AIIIRB approvals (UCSD, VA, and NHRC) for MRS-II , Project 2 (Neuro-cognition 
Study) remain current, as necessary for the data collection as noted above. 

Task 3: In coordination with HQMC, NIMH and Army STARRS, implement demonstration projects that utilize 
subgroups drawn from prior MRS enrollees, to test the feasibility of specific experimental designs such as 
targeted prevention or treatment protocols or the use of new technology (e.g. MEG) to identify biomarkers. A 
specific goal of the demonstration prolects would be to determine feasibility and estimate effect sizes for more 
extensive studies using the Army ST ARRS cohort. 

• Subtask 1: Identification of goals of exploratory, demonstration projects 
• Subtask 2: Development of experimental design and local review 
• Subtask 3: Project review by NIMH, Marine Corps 
• Subtask 4: Regulatory approval: amendment or new IRB 
• Subtask 5: Data collection 
• Subtask 6: Data entry and cleaning 
• Subtask 7: Data integration and analysis 

Current status of Task 3 dul'ing this reporting period: 

MRS II, Project 3 had four demonstration projects: 

1. For MRS-II , Project 3, Demonstration Project 1, IRB approvals remain current to allow for continued 
secondary analysis and manuscript writing. This project involved collaboration with University of 
Pennsylvania researchers associated with the Army ST ARRS Program. Data collection on this initial 
Demonstration Project focused on validation of the Penn battery (Ruben Gur) for use in Project 2 is 
complete (45 subjects) and all primary analysis is complete. All data analysis for this project has been 
completed. The wealth of data generated will also serve as a great resource for possible future data 
analysis, research studies, and publications. 

2. For MRS-II , Project 3, Demonstration Project 2, IRB approvals are up-to-date to allow for continued 
secondary analysis and manuscript writing. Project samples were analyzed, and basic characterization 
of comparison groups (PTSD versus healthy) is complete. A total of 64 PTSD cases and 64 combat­
exposed healthy. matched subjects were selected. Blood samples of these 128 Marines were available 
at pre-deployment and at least once at post-deployment. A total of 360 RNA and matching DNA 
samples have been extracted, quantified, and RNA seq is complete. The findings have been published 
(Breen et al. , 2015). DNA samples for methylation assays (epigenetics) were submitted, and are 
complete. Secondary data analysis continues; one manuscript is near completion and will be submitted 
for review to HQMC when complete, i.e. findings are replicated by an independent data set. MRS~ II is 
working With other prospective studies to confirm replications. 

3. For MRS-II, Project 3, Demonstration Project 3, IRB approvals remain current to allow for continued 
secondary analysis and manuscript writing. The metabolomic measurements of all120 samples were 
assayed, and primary analysis is complete. Outcomes on the first 40 Marines were presented at a 
Military Biomarker Workshop in Amsterdam. Validation assays were completed and analyzed. These 
assays were delayed because of a break-down in equipment, but were ultimately completed. Initial 
analysis indicates that groups (PTSD, mTBI , PTSD/mTBI, control) can be grouped by metabolomic 
profi le. The number of groupings was larger than anticipated. Additional samples will be needed for 
analysis as a separate project. DOD funds are currently being sought to complete additional assays 
and subsequent analysis. 
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4. For MRS-II, Project 3. Demonstration Project 4. all projects IRB approvals remain current to allow for 
continued secondary analysis and manuscript writing. This project was reviewed and approved by 
NIMH and HQMC. Funding for this study was allocated and the project was reviewed and approved by 
both the Naval Health Research Center IRB and the VA-designated IRB: UCSD Human Research 
Protections Program. With the help of our POC at HQMC, John Hartmann, an 

EOD battalion was identified to participate and their post deployment and post training assessments 
(December 2014) were completed. An initial group of fifty Marines signed the informed consents during 
the June time frame (Jun 12 and Jun. 14, 2013 and Jun 26, 2013), and an additional20 signed 
informed consents shortly thereafter. Enrolled Marines completed baseline scans and underwent blast 
training. Post-training scans took place in fall2014 to summer of 2015. Preliminary outcomes of 
baseline assessments were presented at the Military Biomarker Workshop in Amsterdam. Additionally, 
IRB approval (an adjunct protocol) was obtained to proceed with distribution of blast sensors, and to 
analyze MEG data in relation to blast event outcomes during field training. Of the enrolled Marines in 
the Demonstration Project 4: MEG Study we obtained consents for use of the blast sensors from 60 
Marines during the allotted October to December 2013 timeframe. Of consented Marines. 54 (77.1%) 
received their blast sensors. Blast sensors from these Marines were collected and core analysis Is 
complete. Additionally, IRB approval (an adjunct protocol) was obtained to proceed with distribution of 
blast sensors during deployment. Of the enrolled Marines in the Demonstration Project 4: MEG Study 
we obtained consent for use of the blast sensors from 17 Marines during the allotted March 2014 
timeframe. A subset of the EOD battalion went on deployment and 17 (24.2%) have received blast 
sensors which were collected upon their return. 

Upon receiving notification that the EOD battalion returned to stateside we began working with the 
battalion leadership to schedule assessments. Due to post deployment operational requirements 
(OPTEMPO) for this unit, Marines were available for post-deployment assessments later that originally 
projected, thus our data collection schedule was delayed approximately 6 months. In November and 
December, 2014 we completed our first post deployment assessment session and assessed 9 subjects 
who were available. Our second assessment session began January of 2015; we completed 
assessment of 11 Marines as of March 2015. Our third assessment session began April of 2015; but 
due to operational requirements of Marines needing scans we were able to assess one Marine during 
this timeframe. 

A fourth assessment session began July of 2015 to assess Marines enrolled during the pre-deployment 
timeframe. During this fourth session we completed assessment of an additional 1 0 Marines. Our 
overall post-deployment assessment rate is 31 (49.2%). Post-deployment assessments continued in 
2015. All principal analysis is complete and included in publications. The dataset generated will 
continue to be studlied for potential future publications . . 

There have been no problems in accomplishing the above tasks. 

Key Research Accomplishments: 

• All necessary IRB approvals (UCSD, VA, and NHRC) for MRS-II are complete and remain current for 
conHnuation of secondary analysis and manuscript writing. 

• Data collection for MRS II , Project 1 (Extension study) cohort one is complete 
• Pre-deployment data collection for MRS II, Project 2 (Neuro-cognition Study) is complete with an 

overall retention rate of 7 4.1% 
• All Demonstration projects for MRS 11. Project 3, Demonstration project 4 is complete with an overall 

retention rate of 49.2% 
• A draft Marine Resiliency website is currently under review by Headquarters Marine Corps and will be 

made public after approval (website contains general study information and publications) 
• An invention has been submitted (SD2014-043) entitled "Diagnostic and Predictive Metabolite Patterns 

for Disorders Affecting the Brain and Nervous System" which resulted from findings from the MRS II. 
Project 3, Demonstration Project 3. This patent addresses use of metabolomics as a biomarker for 
PTSD. 
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