AD

Award Number: DAMD17-03-2-0020

TITLE: Prospective Assessment of Neurocognition in Future Gulf-deployed and Gulf-
nondeployed Military Personnel: A Pilot Study

PRINCIPAL INVESTIGATOR: Jennifer J. Vasterling, Ph.D.
Susan P. Proctor

CONTRACTING ORGANIZATION: Louisiana Veterans Research and Education
Corporation
New Orleans, LA 70112

REPORT DATE: February 2008

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE OMB NG oA 0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01-02-2008 Annual 1 FEB 2007 - 31 JAN 2008
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Prospective Assessment of Neurocognition in Future Gulf-deployed and Gulf- 5b. GRANT NUMBER
nondeployed Military Personnel: A Pilot Study DAMD17-03-2-0020

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Jennifer J. Vasterling, Ph.D.; Susan P. Proctor

5e. TASK NUMBER

E-Mail: jvaster@bu.edu 5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Louisiana Veterans Research and Education Corporation
New Orleans, LA 70112

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Purpose: To examine neuropsychological outcomes associated with OIF deployment. Secondary objectives include identification of risk and
resiliency factors for adverse neuropsychological outcomes. Scope: Prospective cohort design in which deploying Army soldiers are
assessed once prior to deployment and twice after redeployment. A comparison group of soldiers is assessed before and after a period of
garrison duty. Methods include administration of performance-based neuropsychological measures and self-report surveys. Progress: Time
1, Time 2, and Time 3 data collection are completed. Analyses of Time 3 data are on-going. Major findings: OIF deployment was associated
with neuropsychological abnormalities, including disadvantaged memory and attentional performance, increased emotional distress, and
advantaged simple reaction time. Deployment was also associated with increased risk of PTSD, particularly among soldiers reporting greater
stress exposures and those activated from NG status. Unit cohesion buffers the adverse effects of early life events on PTSD prior to
deployment..

15. SUBJECT TERMS
Deployment health, neuropsychology, cognitive functioning, stress, environmental hazards, Iraq

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
U U U uu 57 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




Table of Contents

INEFOTUCTION ...t e e e e e e e e e e e e e 5

B Oy e 6-12
Key Research Accomplishments..........coooiii i 13-14
RePOrtable OULCOMES .. ...t e e e e e e e e ee e 15
CONCIUSIONS ..t e e e e e e e 16
REIEIENCES ... 17

F Y ] o L= g Vo [ G PP 18



INTRODUCTION

Unexplained health symptoms appear to be ubiquitous to modern war.! However, questions
remain regarding linkages between military operational deployment and the development of physical or
mental health symptoms. An area of particular vulnerability may be neuropsychological functioning. For
example, following the 1991 Gulf War (GW), significant subsets of military personnel and veterans
reported non-specific health (e.g., headache, fatigue) and cognitive (e.g., memory impairment) symptoms
suggestive of possible neural dysfunction.*” Neuropsychological functioning encompasses cognitive
(e.g., memory, attentional, reasoning), perceptual-sensory-motor (e.g., motor speed), and emotional (e.g.,
mood) behaviors thought to reflect neural integrity. Unresolved issues include whether subjective
neuropsychological complaints correspond to objectively measured indices; whether neuropsychological
problems can be linked to specific environmental exposures, stress exposures, or other deployment-
related experiences; and the interaction of deployment with potential risk and resilience factors on
neuropsychological functioning.

The work encompassed in this report is now referred to as the Neurocognition Deployment
Health Study (NDHS). To help address the gaps in knowledge described above, the NDHS incorporates
prospective administration of performance-based measures of neuropsychological functioning in cohorts
of Army Soldiers deploying in support of Operation Iragi Freedom (OIF) and in a similar group of
Soldiers before and after an interval of non-deployment. The objectives of this ongoing study are to (a)
examine the impact of combat-zone deployment on neuropsychological outcomes, including
neurobehavioral and emotional functioning, (b) examine the impact of deployment-related stress and
environmental exposures on neuropsychological outcomes, and (c) identify potential health risk and
protective factors relevant to neuropsychological outcomes. A secondary objective of the study is to
describe select psychiatric outcomes, the importance of which is suggested by high rates of PTSD and
other psychiatric disorders following Iraq deployment.?



Project History

BODY

The original SOW described the following elements within a 24-month timeframe:

YEAR 1 Phase |

Task 1 Proposal phase
and Week 1

Task 2 Months 1-4

Task 3 Months 5-8

Task4 Months 9-12
YEAR 2 Phase Il
Task1 Months 1-4

Task 2 Months 5-7

Task 3 Months 8 - 12

Orient project staff to project tasks, training, set-up

Phase | pre-deployment, baseline assessment & data collection, creation of
database

Collection of electronic medical/health care record system databases through
data requests, transfer of test data to formats readable by statistical software;
data entry

Preliminary analyses of Phase | data collection.

Post-deployment assessment & data collection; collection of electronic
deployment-related service information through data requests; data transfer; data
entry

Complete collection of electronic deployment-related service information, data
transfer, and data file linking of pre- and post- databases.

Final data analysis; preparation of reports

The SOW was later approved to extend to a 72-month time frame, the final 24 months of which reflect a
no-cost extension. The 72-month time frame reflects in part modifications to the data collection schedule
associated with the deployment rotations of the military units included in the study and initial delays in
the study associated with administrative approvals and identification of appropriate military units. In
addition, it reflects the addition of a third data collection point for each unit so that longitudinal stability
may be assessed and outcomes expanded to include health behaviors and occupational functioning. The
final 12 month extension reflects the need for additional time to complete data analysis due to
administrative interruption secondary to administrative irregularities within LVREC and the transfer of
the Pls research laboratory from New Orleans to Boston.




The history of the project is as follows:

Nov 02:
Dec 02:
Jan 03:
28 Jan 03:
31 Jan 03:
28 Feb 03:

Mar 03:
Mar 03:

22 Mar 03:
3-9 Apr 03:
14-18 Apr 03:
14 Apr 03:
Aug 03:

Nov 04:

Proposal submitted

Made contact with US Army Forces Command (FORSCOM) Surgeon’s Office
FORSCOM requests Department of Army letter of support

Final HSRRB approval

MRMC Commander provides DA letter of support

FORSCOM identifies initial units (primarily regular Active Duty, Fort Hood);
111 Corps requests FORSCOM tasking order

Start-up funds received

Assistant Secretary of Defense provides letter of support

FORSCOM tasks 111 Corps

Scheduled by 111 Corps to begin data collection 27 Mar

4™ Infantry Division receives flight orders/opts out of study

301 “deploying” Soldiers (1* Cavalry Division) assessed (Time 1)

149 “non-deploying” Soldiers assessed

Deployment orders of 1CD called into question (eventually cancelled)
FORSCOM identifies two Active Duty Stryker brigades appropriate to study
3/2 SBCT to serve as deploying group; 1/25 SBCT to serve as non-deploying group
Intent to deploy 1 Cavalry Division announced

3/2 SBCT deploys

22 Sep- 90ct03: 450 3/2 SBCT and 387 1/25 SBCT Soldiers assessed (Time 1)

Dec 04:

Feb 04:
May 04.

July 04:

Sep 05:
Nov 05:
Dec 05:

Jan 05:

Mar 05:
May 05:
Aug 05:

Oct 05;
Dec 05:
Jan 06:

April 06:
May 06:
Jun 06:
Sep 06:
Aug 06:
Feb 07:

2" baseline (Time 1.5) conducted on 1% Cavalry Soldiers to provide assessment more
proximal to actual deployment

1% Cavalry deploys

Intent to deploy 1/25 SBCT announced;

Time 2 assessment (post-garrison duty) conducted

FORSCOM identifies 278" ARNG unit as appropriate National Guard study component
Soldiers from 1/25 SBCT not available in May 04 assessed

278" ARNG assessed (Time 1)

1/25 SBCT deploys

3/2 SBCT returns

278" ARNG deploys (1 month earlier than originally anticipated)

To provide an Active Duty comparison that was deployed contemporaneously with
ARNG unit, plans are made to assess 1/25 SBCT upon their return.
Post-deployment assessment conducted on 3/2 SBCT

1% Cavalry returns

Post-deployment assessment conducted on 1* Cavalry and other 111 Corps units
Plans made to assess 3/2 SBCT (Time 3) in Sept 05

Katrina displaces New Orleans study team, preventing travel; Sept assessment
rescheduled to Dec 05

Major study equipment retrieved from New Orleans

Time 3 (follow-up post-deployment assessment conducted on 3/2 SBCT)

Time 3(initial post-deployment survey) conducted on 1/25 SBCT

(unit formerly a non-deployed comparison during the Time 1 to Time 2 interval)
Time 2 (post-deployment) assessment of ARNG unit

Time 2 (post-deployment) assessment of ARNG unit

Time 2 (post-deployment) assessment of ARNG unit

Time 2 (post-deployment) assessment of ARNG unit

Time 3 assessment completed on 1% Cavalry

Pl moves research laboratory to Boston



July-Nov 07:

Time 2 assessment completed by mail on GA ANG non-deployed unit

Time 3 assessments completed by mail on ARNG units
Time 3 assessments completed by mail on 1% Cav soldiers who were not available for in
person assessment in Aug 06.

The current timeline now includes Time 3 administrative data collection, data analysis and
preparation of final reports extending through January 2009. Therefore the final, approved SOW is as

follows:

STUDY TIMETABLE -MODIFIED STATEMENT OF WORK

YEAR 1
Task 1

Task 2
Task 3

Task 4

YEAR 2
Task 1

Task 2
Task 3
YEAR 3

Task 1
Task 2

Task 3
YEAR 4
Task 1
Task 2
Task 3

YEARS
Task 1

Task 2

YEAR 6

Proposal phase
and Week 1
Months 1-3
Months 4-10

Months 6-12

Months 13-18

Months 13-24
Months 13-24

Months 25-26
Months 27-36

Months 34-36

Month 43
Months 39-44
Months 36-43

Months 52-54

Months 54-60

Months 61-72

Orient project staff to project tasks, training)

Set-up and baseline (Time 1) assessment of Ft. Hood participants

Establish data base; as relevant to Task 2 participants, collection of electronic
medical/health care record system databases through data requests, transfer of test
data to format readable by statistical software; data entry of data generated by
Task 2

Re-assessment of Ft. Hood participants to correspond more closely to their
rescheduled deployment date; baseline (Time 1) assessment of Ft. Lewis
participants (3/2 Stryker Brigade Combat Team (SBCT); 1/25 Stryker Brigade
Combat Team (SBCT);

As relevant to Task 4 participants, collection of electronic medical/health care
record system databases through data requests, transfer of test data to format
readable by statistical software; data entry of data generated by Task 4
Collection of Time 2 data relevant to Ft. Lewis participants

Collection of Time 1 data; deploying National Guard cohort

Collection of postdeployment data; Fort Hood participants

Collection of electronic medical/health care record system databases through data
requests, transfer of test data to format readable by statistical software; data entry
of data generated; data analysis and preparation of reports on all participants
included in protocol to date.

Collection of Time 3 data on Fort Lewis participants

Collection of Time 3 (2™ post-deployment) data on Fort Hood participants
Collection of post-deployment data on National Guard participants
Scientific review and publication of primary T1/T2 Active Duty findings

Collection of Time 3 data on National Guard participants and final mail data
collection on all other participants not available for in person Time 3 assessment
Collection of electronic medical/health care record system databases through data
requests, transfer of test data to format readable by statistical software; data entry
of data generated relevant to Year 4, Task 3 & Yearb, Task 1 participants.

Data analysis and preparation of final reports.




Progress to date

Progress to date includes accomplishment of all tasks through Year 5, with the exception of
integration of medical record data from ARNG units, which must be requested separately. In addition to
the elements explicitly listed within the SOW, we continue to use our administrative infrastructure, have
kept in place and renewed, as appropriate, all necessary administrative approvals, and continue to be in
contact with members of our Scientific Advisory Council. In addition to publications from previous years
(Military Medicine, 2006; Journal of the American Medical Association, 2006), in Year 5, we published a
manuscript describing rates of baseline posttraumatic stress disorder (PTSD) and the relationship of
PTSD symptoms to early life events and unit cohesion is currently in the Journal of Traumatic Stress,
Vol. X, 2007 (see appendix). We also have had two manuscripts accepted for publication, which are
both currently in press. The first describes the relationship of postdeployment PTSD symptoms to
health-related functioning among active duty soldiers who deployed to Irag. Itis in press in the Journal
of Rehabilitation Research (see appendix). The second examines the psychometric qualities of the
Deployment Risk and Resilience Inventory, our primary measure of stress exposures, within deployed
members of the cohort. This manuscript is currently in press in the journal, Assessment.

All primary data have been entered and subjected to intensive data quality checks. Data
management has required extensive effort because of the anomalies regarding participant classification as
“deployed” or “non-deployed” and the addition of a second baseline for the 1% Cavalry unit. However, a
comprehensive and synthesized data base had been established. Primary outcomes for Time 1 to Time 2
have been conducted for the Active Duty component. We have recently completed analyses relevant to
secondary objectives (PTSD outcomes) for Time 1 to Time 2 Active Duty and National Guard
participants. A manuscript describing these outcomes was submitted to a scientific journal in January
2007 and is currently under scientific review.

Time 1 enrollment totaled 1595 participants. Time 2 assessments have been conducted on all
participating units and include a total of 1173 participants. Longitudinal retention from Time 1 to Time 2
for Active Duty Soldiers has been approximately 76.7%. Among those who were not retained for Time 2
assessment, the primary reasons for loss to follow-up have been changes in military unit assignments
(14%) and separation from service (46.1%). Longitudinal retention of Army National Guard Soldiers has
been lower (61%) and reflects re-organization within the 278th and, more often, separation from the
National Guard.

Time 3 (1-year follow-up) in-person assessments were conducted on a much smaller subgroup of
active duty soldiers (n= 186) who remained in the military with their originating units. One-year follow-
up mail surveys were completed by an additional 85 soldiers (active duty and National Guard) who we
were not able to follow with in person surveys. In addition, we have completed the initial post-
deployment assessment of a brigade that had been assessed previously before and after a period of
garrison duty but subsequently deployed (n = 108 in person; n = 18 mail survey). We are currently in the
process of analyzing these data for publication.

Findings to date
1. Primary outcomes: Neuropsychological functioning

Findings from multi-level analyses that take into account battalion-level unit membership and
demographic covariates indicate that deployment was associated with disadvantages to memory
functioning (as measured by a non-computerized word list learning task, WMSIII Verbal Paired
Associates | sum and a visual reproduction task, WMS Visual Reproductions delay and savings ratio) and
attention (as measured by number of non-response errors on a computerized simple continuous



performance task, NES3 CPT), but advantages to reaction time efficiency (ANAM Simple Reaction
Time). All other tasks of cognitive efficiency (ANAM) were unaffected. Additionally, deployment was
associated with adverse changes in emotional functioning, including symptoms associated with
posttraumatic stress disorder (PTSD) and state affect, including POMS Confusion and Tension scores. In
contrast, deployment was not associated with changes in measures of state (POMS) depression, vigor,
anger, or fatigue, or measures of functional health (SFv12 and MOS Cognitive) including self-perceptions
of cognitive, emotional, and physical functional impact.

These findings have been published in the Journal of the American Medical Association (see
February 2007 report).

2. Secondary outcomes: PTSD

a. Stressful life events, unit cohesion, and PTSD prior to deployment

We examined relationships among stressful life events, perceived unit cohesion, and PTSD symptom
severity at Time 1 across the entire NDHS cohort. We found that a sizable subset of military personnel
(10%) reported significant pre-deployment, stress-related symptoms, as measured by the PCL, a 17-item
DSM-based self-report survey, and using the criteria established by Hoge et al. (2004). Regression
analyses revealed that life experiences (beta = 1.20, p <.001) and unit cohesion (beta = -0.35, p <.001)
independently predicted PTSD symptoms at baseline, together predicting 22% of the variance, even after
taking into account demographics and duty status.

A scientific manuscript describing these findings was published in the Journal of Traumatic
Stress (see attachment).

b. PTSD outcomes as a function of deployment

We analyzed the PTSD outcome data of 779 participants who deployed to Iraq between Time 1 and
Time 2, comparing them with 315 soldiers similar in military characteristics who did not deploy between
Time 1 and Time 2. PTSD symptom severity was measured with the PTSD Checklist. We also used the
PTSD Checklist to estimate screening diagnoses. Using the Deployment Risk and Resilience Inventory,
we additionally examined the influence of lifetime, war-zone, homefront, and post-deployment stress
exposures on PTSD outcome. We found that deployment was associated with greater PTSD severity
(B=3.61;P<0.001) and almost a threefold higher risk of developing PTSD (OR=2.97, ClI = 2.56,3.46).
PTSD cases among deployed soldiers increased from 7.6% before deployment to 12.1% following
deployment. Although PTSD did not differ significantly at post-deployment between National Guard and
active duty soldiers, PTSD increased more among National Guard soldiers who reported fewer PTSD
symptoms prior to deployment than active duty soldiers. War-zone events, homefront concerns, and post-
deployment life events were associated with PTSD symptoms among all deployed soldiers, but post-
deployment life events were more strongly associated with PTSD symptoms in National Guard soldiers.
These analyses provide stronger evidence than previously possible that war-zone deployment is
associated with increased risk of PTSD. Findings also highlight the impact of homefront and post-
deployment life events in addition to war-zone stress exposures, and emphasize the importance of
continued attention to the concerns of reservists.

A manuscript describing these findings was submitted in January 2008 and is currently under
scientific review.

c. The relationship of PTSD to health related functioning
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Preliminary analyses of available NDHS data conducted during the previous reporting period
suggested that self-reported day-do-day functioning related to cognitive and somatic health problems
declined among both deployed and non-deployed active duty participants, but that deployment status did
not interact significantly with time. As shown in the following table, there were no significant changes
from Time 1 to Time 2 in self-reported mental health-related functioning among either deployed or non-
deployed participants. These findings highlight the significance of neuropsychological and health-related
changes on day-to-day functioning, but raised the question that factors other than deployment status alone
might influence such changes.

Paired t-tests (Time 1 v. 2) within each deployment group with functional impact scores as outcome
variables

Deployed Non-deployed
(n= 674) (n=2315)
Time 1 Time 2 Time 1 Time 2
Physical Component, | 51.85 (7.00) | 50.61 (7.46)*** | 51.82 (7.39) | 50.49 (8.53)**
SF12v
Mental Component, 49.62 49.77 (10.57) 48.90 48.26 (11.77)
SF12v (10.78) (11.12)
Cognitive functioning | 78.02 73.51 (21.10)*** | 77.47 74.70
(20.13) (29.77) (22.26)**

Mean (sd); **p< 0.01; ***p <0.001, paired t-tests (Time 1 v. 2) within each deployment group

To examine a specific factor within the deployment context that might account for decline in health-
related functioning among deployed soldiers, we followed our preliminary analyses with a structural
equation model testing the relationship between post-deployment PTSD symptoms and longitudinal
change in health-related outcomes, physical symptoms, and health-behaviors. The analyses were
conducted on 800 soldiers who deployed to Irag. As shown in the following table and figure, structural
equation modeling revealed that post-deployment PTSD severity was associated with decline in somatic
health functioning through post-deployment health symptoms as an intermediary variable. These
relationships were independent of health risk behaviors, which had little association with somatic
symptoms or PTSD. Findings highlight the functional impact of PTSD, which extends beyond
psychological symptoms to health-related day-to-day functioning.

SEM model standardized effects of post-deployment model predictors on post-deployment physical
health functioning while controlling for pre-deployment physical health functioning.

Direct Effects Indirect Effects Total Effects
Variable
Post-deployment smoking .00 -.02 -.02
Post-deployment drinking -.02 .01 -.01
Post-deployment PTSD .06 - 28%** - 22%**
Post-deployment health symptoms - 40*** - 40***

Note. PTSD = posttraumatic stress disorder. ***p < .001.
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Visual representation of result of the structural equation model examining relationships among post-
deployment PTSD, longitudinal change in health behaviors (i.e., smoking, alcohol consumption), post-
deployment health symptoms, and longitudinal change in health related functioning.
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A manuscript describing these analyses is currently in press in the Journal of Rehabilitation
Research and Development and can be found attached in the appendix to this report.

The next steps in the analyses will be: (1) examination of the longitudinal associations among
neuropsychological functioning, traumatic brain injury, and PTSD; (2) examination of the duty status,
comparing the deployed Army National Guard Unit outcomes to those of an Active Duty participants
matched as closely as possible for demographics, MOS, and deployment stress exposures; (3)
examination of the association between PTSD development and standardized test taking ability among
deployed active duty soldiers; and (4) examination of the longitudinal stability of findings at 1-year
follow-up.
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Vasterling, J. J. & Proctor, S. P. (June, 2003). Prospective Assessment of Irag-deployed Troops.
Invited presentation to the Research Advisory Council on Gulf War Veterans IlInesses, Washington, D.C.
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REPORTABLE OUTCOMES: THIS REPORTING PERIOD
please see attached Journal of Traumatic Stress publication
please see attached manuscript in press, Journal of Rehabilitation Research
manuscript in press, Assessment
please see attached manuscript in press, Harvard Health Policy Review
5 national/international scientific presentations, as listed above
a 1 year DoD CDMRP Concept Award was funded to perform secondary data analysis on the
study cohort to examine questions regarding the relationship of mild traumatic brain injury and

neuropsychological outcomes

a 5.5 year VA multi-site cooperative study (CSP#566, “Neuropsychological and Mental
Health Outcomes of Operation Iraqi Freedom (OIF): A Longitudinal Cohort Study”) to
complete a subsequent wave of data collection on the study cohort was approved and
funded

information from the application of the ANAM in this study has been used to inform modification
and quality assurance assessment of the ANAM

information from the administration of the Deployment Risk and Resilience Inventory has been
used as the basis of a VA-funded grant to examine its psychometric characteristics and refine
item content to optimize use with OIF/OEF populations

information about the process of the project was used by the VA International Scientific Forum to

help inform items of relevance to the worldwide scientific agenda regarding veterans health
issues
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CONCLUSIONS
Process Conclusions

This study has established an effective model of inter-departmental collaboration between VA
and DoD. This is a critical accomplishment relevant especially to longitudinal research addressing
outcomes throughout both military and post-military life periods.

In addition, the work accomplished has provided a model of how neurobehavioral assessments
could potentially be incorporated into more regular surveillance with the military. With memory and
other cognitive complaints factoring high among war-zone returnees and being of high relevance to
occupational functioning and cognitive readiness, the establishment of neurobehavioral surveillance
methodology is significant to force health protection efforts. The methods used in this study are non-
invasive and could potentially be implemented in a cost-effective manner on a broader scale. A
manuscript regarding the utility of neuropsychological surveillance in military and military veteran
populations is currently in press in the Harvard Health Policy Review.

Scientific Conclusions

Findings to date suggest that there are objective changes in neuropsychological functioning
associated with deployment. While at least one is at face value positive (efficiency in simple reaction
time), others are negative (less proficient attentional and memory performances, increased emotional
symptoms). Taken together, findings raise the question of a biological stress response, involving
neurotransmitter/hormonal systems relevant to the neurobehavioral findings listed above. The design
elements of a baseline assessment and of a non-deploying comparison sample well-matched to the
deploying sample on key demographic and military characteristics suggest that these findings cannot be
attributed solely to pre-existing conditions or simply to the passage of time.

Analysis of PTSD outcomes yielded several major conclusions. First, significant numbers of
military personnel reported significant life events and elevated stress symptoms at baseline. However,
these symptoms are buffered by unit cohesion, a potentially modifiable risk factor. Second, deployment
to Iraq is associated with increased risk of new onset PTSD, particularly among soldiers with greater
deployment, homefront, and post-deployment stress exposures and among those activated from National
Guard duty status. These findings hold implications for preventive healthcare. Namely, if soldiers can be
prepared for the types of stressor they are most likely to encounter, they may be better able to cope with
these events. Our findings also suggest the continued need to attend to re-integration its associated
stressors and to the special concerns of National Guard members and other reservists. Finally, post-
deployment PTSD symptoms are associated with longitudinal declines in health-related functioning,
which appear secondary to post-deployment health symptoms. This finding highlights the associations
between stress and somatic health, suggesting that they may manifest much earlier than previously
thought.

The ongoing work will also allow examination of whether these findings are stable over time, if
longer-term outcomes can be predicted by early neurobehavioral markers, whether duty status (regular
Active Duty versus Guard/Reserve) influences outcomes, and the impact of adverse outcomes on
occupational functioning and service utilization with DoD and VA medical care facilities. Finally, our
screening for head injury over the deployment period will allow exploration of associations between
neurocognitive functioning, traumatic brain injury, and emotional functioning.
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High rates of posttraumatic stress disorder (PTSD)
have been documented among war-zone veterans (Duke
& Vasterling, 2005), with some evidence suggesting that
a dose-response relationship exists between war-zone stres-
sor severity and PTSD symptom levels (see Dohrenwend
et al., 2006, for a recent example). A variety of risk and
resilience factors have been tentatively identified as mod-
ifying this relationship (see King, Vogt, & King, 2004;
Maguen, Suvak, & Litz, 2006, for summaries). With large
numbers of military personnel now deployed to combat
situations, it is essential for health planning efforts to take
into consideration the broader scope of factors potentially
influencing mental health functioning in military per-
sonnel. In particular, because emotional functioning has
rarely been assessed prospectively, prior to deployment,
the impact of prewar-zone risk and resilience factors on
postwar-zone mental health may not be fully appreciated.
Understanding how individuals' predeployment personal
histories and situational factors influence emotional func-
tioning, including preexisting PTSD symptoms, prior to
war-zone deployment may be critical to development of
both predeployment preventive and postdeployment treat-
ment interventions.

The primary purpose of this report is to describe risk
and resilience factors potentially impacting troops prior to
warzone deployment. Specifically, demographic, stressor
exposure variables, and situational facrors were measured
in a large cohort of Army soldiers who had not yet been
deployed to either Operation Iraqi Freedom (OIF) or Op-
eration Enduring Freedom (OEF). As a situational factor,
we focused on unit cohesion, a contextual military variable.

We chose to examine unit cohesion for several reasons.
First, unit cohesion is potentially modifiable and therefore
a candidate for integration into preventive mental health
care policy. Second, unit cohesion is an intuitive construct
historically recognized within military culture as having
positive impact (Shay, 1994; von Clausewitz, 1832/1989).
Finally, theoretical models of unit cohesion suggest that
high levels of unit cohesion should constitute a major
resilience source for military-related stressors, including
those associated with combat (e.g., Bliese, 2006; Griffith
& Vaitkus, 1999).

Empirical support for this assertion is generally posi-
tive, with numerous studies demonstraring that high lev-
els of unit cohesion impart the expected resilience to cope
with typical military-related stressors (sce the meta-analysis
by Oliver et al., 1999, for a review), and several stud-
ies demonstrating the resilience effect for combat-related
stressors (e.g., McTeague, McNally, & Litz, 2004; Solomon
& Mikulincer, 1990; Solomon, Mikulincer, & Hobfoll,
1986). In contrast, Fontana, Rosenheck, and Horvath
(1997) found that whereas low to moderate unit cohesion
was related to lower reported rates of PTSD symptoms,
very high levels of unit cohesion were associated with higher
than expected levels of PTSD symptoms among Vietnam
combat veterans.

Consistent with the findings of Fontana et al. (1997),
Suvak, Vogt, Suvarese, King, and King (2002) found a
curvilinear interaction between various aspects of coping
and life adjustment, with stress exposure levels moderating
the interaction. More specifically, they demonstrated that
the positive effect of problem-focused coping on quality of
life increased as exposures mounted to moderate levels, but
that the effect reversed (i.e., increases in problem-focused
coping led to steadily decreasing levels of quality of life)
when exposures surpassed moderate levels. Suvak et al. sug-
gested that relatively high levels of problem-focused coping
have increasing benefits as stressor levels mount to moder-
ate levels due to the perception that the challenge presented
by the mounting stressors is successfully being met. How-
ever, at the point at which stressors become overwhelming
(e.g., during combat when a unit is incurring casualties that
it cannot effectively curtail or is being overrun), the uncon-
trollability of the situation renders high levels of problem-
focused coping counterproductive. This curvilinear inter-
action is hypothesized to be consistent with goodness of
fit theories regarding effective coping (see Park, Follkman,
& Bostrom, 2001, for recent support and review). By such
theories, some coping mechanisms (e.g., problem-focused
coping) are inappropriate in situations that have become
uncontrollable.

Most formulations regarding the protective effects of
unit cohesion on stress emphasize the formation of trust

by an individual in both his or her compatriots and
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supervisors, a dichotomy that Griffith and Vaitkus (1999)
refer to as horizontal/peer versus vertical/leader bonding.
This trust is considered by military leaders to be the emo-
tional foundation that prevents the breakdown of problem-
focused communication and problem solving under high
levels of threat. As stress levels mount from low to medium
levels, high levels of unit cohesion could help to engen-
der confidence in members of a unit under attack, helping
them to engage in problem-focused coping that proves ro
be effective. However, as stress levels become overwhelm-
ing and effective problem solving ineffectual, high levels of
unit cohesion may be later seen as an illusion that has been
betrayed, a formulation consistent with Fontana et al.’s
(1997) suggestion that high levels of unit cohesion poten-
tially lead to a consensual appraisal of a negative ourcome
as a catastrophe by surviving unit members.

Predictions were based on the assumption that, although
military personnel will have experienced a range of prior
life stressors, their immediate context (even if preparing
for a deployment) would be characterized by the absence
of overwhelming levels of stress. Specifically, we predicted
that, whereas both stressful life events and unit cohesion
would be independently associated with PTSD symprom
levels prior to deployment, unit cohesion would also mod-
erate the relationship between life events and PTSD. Given
the restricted range of current stress levels in the nonwar-
zone environment for most participants, we did not expect

this moderarion effect to exhibit any curvilinear effects.

METHOD

Participants

Participants were Army soldiers assessed as part of the Neu-
rocognition Deployment Health Study (NDHS; Vaster-
ling et al.,, 2006; Vasterling, Proctor, Amoroso, Kane,
Heeren, & White, 2006). Participants were sampled at the
battalion-level military unit, with military units selected to
reflect a mix of combat arms, combat supporr, and combat
service support functions. Active duty units, comprising
the majority of units, originated from Fort Hood, Texas,

and Fort Lewis, Washington. National Guard units orig-

inated from Tennessee, Georgia, and Wisconsin. Assess-
ment data reported here were gathered from April 2003
to July 2004. At the time, no unit had been deployed
overseas as part of either OIF or OEE Of 1,699 potential
participants invited to participate, 1,595 agreed, reflect-
ing a participation rate of 94%. Twelve participants were
eliminated from data analyses for failure to complete major
portions of the assessment, and four were removed due to
missing information critical to PTSD diagnostic determi-
nation, leaving a final sample of 1,579. Of this group, 10%
were women, 38% self-reported being a member of an eth-
nic minority, and 51% single. The sample averaged 26.0
years in age (50 = 6.1) and completed 12.6 years of formal
education (SD = 1.4). Rank groupings included 71% cat-
egorized as junior enlisted (E1-E4), 25% as noncommis-
sioned officers (= E5), and 4% as officers. Prevalent military
occupations included infantry/gun crew (34%), electri-
cal/mechanical repair (20%), communication/intelligence
(20%), and service supply (10%). Eighty-six percent were
regular active duty and 14% were activated reservists;
10% had served in a previous overseas operational deploy-
menr during their entire career, but only 2% had experi-
enced an overseas operational deployment since September,
2001.

Measures

The PTSD Checklist (PCL), a widely-used 17-item self-
report scale designed to measure distress associated with
each PTSD symprom (King, Leskin, King, & Weathers,
1998; Weathers, Litz, Herman, Huska, & Keane, 1993),
was used to derive DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition; American Psy-
chiatric Association, 1994) PTSD diagnoses. Initial vali-
dation efforts demonstrated good internal consistency for
both the overall scale (@ =.95) and subscales measuring
PTSD Ciriteria B, C, and D («s ranging from .89 to
.92). Cross-validarion efforts comparing PCL diagnoses of
PTSD with diagnoses derived from clinician-administered
structured interviews have demonstrated acceprable accu-
racy as measured by kappas of .64 for a sample of Viet-

nam veterans (Weathers er al., 1993) and .83 in a sample
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of moror vehicle accident and assault victims (Blanchard,
Jones-Alexander, Buckley, & Forneris, 1996).

In this study, participants were asked to link their PCL
responses to a stressful life event from their past. Subscales
of a modified version of the Deployment Risk and Re-
silience Inventory (DRRI; King, King, Vogt, Knight, &
Samper, 2006) documented stressful life events (17 items
reflecting exposure to stressors such as physical and sex-
ual assault, serious accident and physical injury, etc.) and
military unit cohesion (12 items reflecting unit support
and satisfaction with leadership such as “members of my

» @

unit understand me,” “my unit is like family to me,” “I am
impressed by the quality of leadership in my unit,” “the mil-
irary appreciates my service”). Development of all DRRI
scales reflect a rational test development process in which
constructs under scrutiny were defined by expert consen-
sus. Final test items, including life events and unit cohesion
items, were selected on the basis of cross-validation studies
conducted with two samples of military populations. In-
ternal consistency scores for both scales were as expected
(life events @ =.75; unit cohesion o = .94), with the rel-
atively moderate life events alpha reflecting predicted het-
erogeneity in life stressors (see King et al., 2006, for further

discussion.)

Procedures

Parricipants completed demographic and self-report mea-
sures in small groups at military installations (Vasterling,
Proctor, Amoroso, Kane, Gackstetter, Ryan, et al., 2006).
Qutliers greater than three standard deviations from each
scale mean were recoded to the most extreme range value
within three standard deviations of the mean. Missing val-
ues for PCL, unit cohesion, and life events scale items were
extremely infrequent (missing data percentages were .2,
4, and .2 for each scale, respectively). For the PCL and
unit cohesion subscales, missing data were impured ideo-
graphically from all items present for a specific subscale.
Missing life events items were omitted due to unreliability

in estimating yes/no responses.

RESULTS

The mean PCL score for study participants was 29.41
(8D =12.77). To meet minimal DSM-related criteria, a
PTSD diagnosis was assigned to cases in which moder-
ate or higher responses (i.e., >3 on a 5-point Likerr scale
item) were provided for at least one intrusion symptom
(Criterion B), three avoidance/numbing symptoms (Cri-
terion C), and two hyperarousal symptoms (Criterion D);
following Hoge et al. (2004), a minimum PCL score of 50
was required in addition to the DSM-prescribed pattern.
Using this decision rule, the percentage of study partici-
pants meeting full PCL-derived PTSD criteria was 10%.

Factors Predicting Posttraumatic Stress Disorder

A hierarchical regression equation adjusted for demo-
graphic variables examined the associations of stressor ex-
posure and unit cohesion with PTSD symproms. The de-
pendent variable was total PCL score, with higher values
indicating greater levels of PTSD symptoms. Independent
variables were centered and entered in two steps. Step 1
conuained the independent variable of interest (life events
and unit cohesion scores). In addition, to examine the as-
sociations of life events and unit cohesion independently of
potential confounding variables, Step 1 contained military
variables and demographic variables commonly identified
as covarying with PTSD: gender, age, rank (junior enlisted
vs. noncommissioned officer/officer), marital status (mar-
ried vs. not married), education (in years), self-reporced
ethnicity (White vs. minority), duty status (active duty
vs. reservist), and prior career deployment status (yes vs.
no). Step 2 contained a product term for life events and
unit cohesion (Life Events x Unit Cohesion) to exam-
ine possible linear moderation effects. Following statistical
recommendarions of Aiken and West (1991) and Suvak
et al. (2002), two additional terms were included at Step
3 to test for potential curvilinear or quadratic effects. The
first term reflects the hypothesized curvilinear relationship
of the life event variable with the dependent variable; the
term is constructed by squaring the life events scale (life
events?). The second term is the quadratic term, which
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specifically estimates potential curvilinear interaction ef-
fects; this term is derived by taking the product of the
squared life events scale and the unit cohesion scale (life
events’ X unit cohesion).

Analysis of variance (ANOVA) tests were significant
for the initial regression model ar Step 1 and the model
after Step 2 (see Table 1). At Step 1, younger age, minor-
ity status, and higher levels of life stress were associated
with greater PCL scores, whereas higher unit cohesion was
associated with lower PCL scores. Secondary analyses in-
dicate that life events and unit cohesion effects, even when
controlling for covariance with demographic factors, pre-
dominated at Step 1, together accounting for 22% of the
toral variance in PCL scores. The linear moderator effect
at Step 2 was significant, though small (A R? = .004); such
small moderator effect sizes are to be expected, given con-
straints on main effects typically found in social science
experiments (Cohen, Cohen, West, & Aiken, 2003). The
overall fit of the model did not significantly improve with
the inclusion of Step 3 variables, F < 1; AR*=.001; ¢
tests were not significant for either the curvilinear aspect of
life events, B = .03, ns, or importantly, for the curvilinear
interaction term, (3 =.01, ns. These null results suggest
thar the moderator effect is linear in nature and that terms
reflecting a curvilinear effect should not be included in the
final model. All variables significant at Step 1 remained
significant in the final model.

The significant moderartor effect can be interpreted in
two complimenrary ways. Simple slope tests of the mod-
erator {Aiken & West, 1991) indicate (a) that associations
between life events and PCL scores weakened as unit cohe-
sion increased, and (b) thar associations between unit co-
hesion and PCL scores strengthened (e.g., the magnitude
of reductions in PCL scores associated with increasing lev-
els of unit cohesion) as the incidence of stressful life events
increased. The latter presentation is consistent with mod-
els that predict increasing effectiveness for unit cohesion
in mitigating PTSD symptoms when levels of stressors are
at low to medium levels. Step 2 effects therefore suggest
that unit cohesion is associated with PTSD symptoms both
directly (increasing unir cohesion levels are independently

associated with decreasing PCL scores) and indirectly (in-

Table 1. Hierarchical Regression Analysis for Cen-

tered Demographic, Life Events, Unit Cohesion, and

Moderator Variables Predicting Posttraumatic Stress
Disorder (N = 1,579)

Variable B SEB B

Step 1
Gender 135 095 .03
Age —0.16  0.06 —.08**
Rank —-096 0.77 —.03
Marital status —0.39 0.60 -.02
Education —-0.28 0.21 —.03
Ethnicity 240 060  —.09%
Prior deployment —0.79 1.03 -.02
Reserve status —0.50 0.88 —.01
Life events score 1.20 0.08 32k
Unit cohesion score -0.37 0.03 —.32%

Step 2
Gender 1.30 095 .03
Age -016 006  —.08"
Rank -1.03 077 —.04
Mariral status —0.40 0.60 —.02
Education —-0.26 0.21 —.03
Ethnicity —2.42  0.60 —.09***
Prior deployment —-0.74 1.03 -.02
Reserve status —0.53 0.88 —.01
Life events score 1.18 0.08 G Vi
Unit cohesion score —0.37 0.03 —.320*
Life Events x

Unit Cohesion term  —0.02  0.01 —.06**

Note. For Step 1, R = .26, F(10, 1568) = 55.60, p < .001; for Step 2,
A R? = 004, A F(1,1567) = 8.55, p < .01; final R? = .27, F(11,
1567) = 51.57, p < .00L.

*p < .05 %p <.01.""p < 001

creasing unit cohesion levels are associated with decreased

influence of life events on PCL scores).

Unit Effects on Postfraumatic Stress Disorder

A potential contributor to the above-described linear inter-
action is the influence of unit assignment. In other words,
units as a whole may systematically vary in their levels
of cohesion, making the cohesion-PTSD relationship for
individual Army personnel contingent, in part, on unit
assignment for each soldier. This possibilicy is suggested

by muldple studies indicating a significant relationship
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between individually reported unit cohesion and unit as-
signment (see Griffith, 2002, for a review). A major group-
ing variable such as unit membership, when unacknowl-
edged, can also result in significant increases in both Type
1 and Type 2 error rates for multiple regression results
(Bliese 8 Hanges, 2004), even with the use of large samples
(Barcikowski, 1981).

Following methodological suggestions by Hox (2002),
an “intercepts-only” multilevel model was therefore con-
structed. Such a model is conceptually similar to a one-way
ANOVA, with one critical difference being that the fixed
ANOVA grouping variable is instead treated as a random
factor in a regression analysis. For the purposes of this anal-
ysis, unit assignment at the battalion level was entered as a
level 2 (i.e., grouping) variable in a multilevel model, and
a covariance parameter estimate was calculated. This pa-
rameter estimated variance in PCL scores accounted for by
unit assignment and was examined by means of a z test to
determine if mean PCL scores for units varied more than
would be expected by chance. Such an analysis provided a
covariance parameter estimate of 1.40 (residual = 161.40),
which was not stadstically significant, z=1.15, p =.13,
one-tailed test. Calculation of the intraclass correlation (an
estimate of effect size in multilevel model for the relation-
ship between a level 2 predictor and a dependent variable)
for unit assignment and PCL scores obtained a value of
p < .01, indicating that less than 1% of variance in PCL
scores in this sample is associated with unit assignment.
Taken together, these results suggest that unit assignment,
measured at the barttalion level, was not a signiﬁcmt pre-

dictor of PTSD symptom levels in this sample.

DISCUSSION

This sample of military personnel reported moderate levels
of PTSD symptoms, with a screening estimate of current
PTSD of 10%. Thus, even using a stringent criterion for
PTSD diagnosis, PTSD rates exceeded expectations for a
noncombat, predominantly male, American group (ie.,
a predicted weighted lifetime rate of 5.5%, according to
documented male/female PTSD rates in the United States;
Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). Al-

though differences in prevalence rates may vary by chance
among samples, report of PTSD symptoms was linked
to specific life experiences, suggesting that the increased
prevalence is not attributable to artifact (e.g., participants
reporting generalized distress that is not directly associ-
ated with a particular life event). This finding is consistent
with epidemiological studies that have demonstrated high-
exposure rates to premilitary stressors among military per-
sonnel (Hourani, Yuan, & Bray, 2003; Merrill et al., 1998;
Stretch, Knudson, & Durand, 1998). Given research in-
dicating that prior emotional disturbance increases stress
vulnerability (e.g., King, King, Foy, & Gudanowski, 1996),
this elevated rate of noncombat PTSD suggests that a sub-
set of these service men and women may be at heightened
risk for exacerbation of already existing PTSD during or
after war-zone service,

Findings further suggest that, in addition to demeo-
graphic variables, life experiences and perceived unit co-
hesion contribute independently to prediction of PTSD
symptoms. Among demographic variables included in the
regression, only age and ethnicity significantly predicted
PTSD, with younger age and ethnic minority status con-
tributing to heightened PTSD symptoms, when control-
ling for nondemographicvariables. Prior stressful life events
strongly predicted PTSD symptoms, supporting a dose-
response relationship (Ozer, Best, Lipsey, & Weiss, 2003).
Extending studies indicating that unit cohesion factors im-
pact combat-related PTSD (Bowman & Yehuda, 2004);
unit support and satisfaction with leadership significantly
predicted noncombat-related PTSD symptoms in a mili-
tary sample, even when controlling for demographic vari-
ables and life stressors. In addition, findings suggest that
the association of stressful life events with PTSD symptoms
decreases as unit cohesion increases, or, put another way,
that the association of unit cohesion with PTSD symp-
toms increases as stressful life events increase. Consistent
with study hypotheses, a curvilinear moderator effect was
not found, suggesting that the levels of stressors typically
associated with predeployment Army duty do not reach
levels sufficiently severe as to overwhelm the positive cop-
ing function of high levels of unit cohesion. Thus, by both

direct and indirect pathways, higher levels of unit cohesion
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appear to be particularly beneficial among individuals ex-
posed to significant stress prior to their military careers.
Such results have implications for both pre- and postde-
ployment healthcare, suggesting the potential importance
of developing interventions that target perceived leadership
and social suppore within military units.

Study limitations include derivation of PTSD diagnoses
by self-report measure, the subjective nature of some life
event items, and retrospective measurement of predeploy-
ment stressors. However, these limitations are balanced
against a large sample of Army personnel who reflect a full
range of military duties and occupational specialties and
were examined prior to overseas deployment. Predeploy-
ment measurement of unit cohesion is especially helpful
in that, it can serve in subsequent analyses as a relatively
objective indicator of unit satisfaction prior to exposure
to the stressors of combat. Reliance on postdeployment
measurement of stressor levels and unit cohesion, without
premilitary measures to serve as a baseline, cannot exclude
the possibility than any observed curvilinear relationships
are artifactual in narure. Simply put, it could be that in-
dividuals experiencing high levels of overwhelming symp-
toms engage in a biased reporting referred to by Brown
(1974) as an “effort after meaning.” Thus, this study pro-
vides key predeployment information highly relevant to
disentangling these causal questions regarding the growing
ground forces currently deployed overseas and suggests that
substantial stress-related emotional symptoms may exist in
military personnel prior to overscas deployment. Given
the poor mental health outcomes associated with con-
temporary war-zone deployments (Hoge, Auchterloine, &
Milliken, 2006), such preexisting symproms may serve as
vulnerabilities that are subsequently activated by war-zone
deployment (Friedman, 2004). Yet, at least one potentially
modifiable factor (unit cohesion) is associated with expres-
sion of stress-related symptoms, and interventions designed
to increase unit cohesion may help ameliorate such vul-
nerabilities. Ongoing longitudinal efforts with this cohort
promise to provide data relevant to the interplay berween
predeployment, war-zone, and postdeployment factors and

their impact on mental health outcomes.
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Abstract—To evaluate the impact of posttraumatic stress disorder (PTSD) on health-
related functioning, 800 U.S. Army soldiers were assessed before and after one-year
military deployments to Iraq. As part of the Neurocognition Deployment Health Study
procedures, each soldier completed at both time points self-report indices of PTSD
symptom severity, health behaviors (smoking, alcohol use), and somatic health-related
functioning. Participants also completed a health symptom checklist at post-deployment
assessment. Structural equation modeling revealed that post-deployment PTSD
severity was associated with change in somatic health functioning through post-
deployment health symptoms as an intermediary variable. These relationships were
independent of health risk behaviors, which had little association with somatic
symptoms or PTSD. Findings highlight the functional impact of PTSD, which extends
beyond psychological symptoms to health-related day-to-day functioning.

Key Words: functioning, health, health risk behaviors, Irag War, OIF, PTSD, soldiers,
veterans, VR-12
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INTRODUCTION

The clinical impact of posttraumatic stress disorder (PTSD) extends well beyond
the more narrowly defined symptom criteria required by current diagnostic psychiatric
taxonomy systems [1]. In addition to leading to a spectrum of psychological symptoms,
PTSD is also associated with significant functional impairment, including increased risk
of somatic symptoms and health disorders [2-7], health-related changes in day-to-day
functioning [8-13], diminished overall well-being and quality of life [8,14-16],
psychosocial and interpersonal dysfunction [17-19], and occupational impairment
[17,20]. Such functional impairment, especially when health related, may result in
significant costs to society [13,21]. For example, individuals with PTSD diagnosis use
more medical services and incur higher health care costs compared to those with other
psychiatric disorders [7,16,21-27]. Among health care consumers such as combat
veterans who are at increased risk for PTSD [28-31], the personal burden and societal
costs may reach unacceptably high levels.

Although mounting empirical evidence strongly suggests that higher levels of
PTSD are associated with poorer health-related functional outcomes, less is known
about potential mechanisms leading to health-related dysfunction in PTSD [32].
Increased knowledge of mechanisms through which PTSD leads to functional
impairment (i.e., “mediators”) holds potential to influence early interventions targeting
prevention of health-related functional impairment. Likewise, identification of mediators
potentially helps identify PTSD subsets at elevated risk, thereby informing resource
allocation.

Health symptoms and health risk behaviors may be particularly important
mediators of the relationship between PTSD symptomatology and health-related
functional outcomes. PTSD has been linked both to increased risk of somatic
symptoms such as dizziness, fainting spells, pounding or racing heart, or shortness of
breath [7,11,33-35] and to medical ilinesses [11,36], such as cardiovascular disease
[29,37-38], nervous system disease [39], and gastrointestinal disorders [10]. Although
there may be several psychological [40-41] and biological [42-43] mechanisms
explaining associations between PTSD and health outcomes [44], health risk behaviors
such as alcohol use [5,45-46] tobacco use [5,9,47-48], and poor sleep hygiene [7,43]
stand out as potentially modifiable risk factors for poor health outcomes in individuals
expressing high levels of PTSD symptoms [49]. Less is known, however, about the
impact of PTSD-related health risk behaviors and health symptoms on health
functioning.

Efforts to examine relationships between health risk behaviors or health
symptoms and functional outcomes in PTSD point to the role of both health behaviors
and health symptoms in at least partially mediating the relationship between PTSD
symptomatology and functioning, but remain inconclusive. For example, in comparison
to population norms, a cohort of over 800 military veterans seeking treatment for PTSD
at a VA facility showed increased health risk behaviors, increased chronic medical
conditions, and poorer health-related functional outcomes [5]. Similarly, data from over
36,000 respondents surveyed as part of the Canadian Community Health Survey
indicate that PTSD was associated with physical health problems, poor quality of life,
and short- and long-term disability [50]. Among over 2000 adults residing in New York
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City on the day of the World Trade Center attacks, excessive alcohol use was
associated with both PTSD symptoms and poor mental health functional status [46].

In contrast, although alcohol use was high among patients who underwent
surgery for physical traumas, it was not independently associated with functional
outcomes, whereas PTSD diagnosis predictably showed strong independent
associations with functional outcomes [45], suggesting a direct link between PTSD and
functioning. Results of the VA Normative Aging study have suggested that PTSD may
be associated with functioning independently of behaviors such as alcohol consumption
and smoking [9], although links between smoking and functioning were also observed.
Likewise, using cross-sectional data, Taft et al. [51] found that PTSD symptom severity
was the most important variable explaining functional health status among both men
and women in a sample of over 1600 Vietnam veterans enrolled in the National Vietnam
Veterans Readjustment Study. Among male veterans, however, PTSD symptom
severity was also linked to functional status via physical health conditions.

In one of the most comprehensive descriptions of causal pathways between
PTSD symptoms and health functioning, Ford et al. (52) studied over 300 World War Il
veterans previously exposed to mustard gas. This cross-sectional study revealed
several important findings: (1) toxic exposure affected health problems and health
functioning through PTSD symptoms (i.e., PTSD mediated the relationship between
exposure and health); (2) although PTSD symptoms were directly related to health
functioning, physical health problems also affected functional status, and mediated the
relationship between PTSD symptoms and health care utilization; and (3) alcohol use
and smoking behaviors were not related to functional status or PTSD symptoms.

This paper extends the work of Ford et al. by addressing longitudinal
relationships between PTSD symptomatology, health risk behaviors, health symptoms,
and health-related functioning. Specifically, the study examined the relationship of post-
deployment PTSD symptom severity to pre- to post-deployment change in physical
health-related functioning in U.S. Army soldiers deployed to Iraq in support of Operation
Iragi Freedom (OIF). Additionally, two health-related factors (i.e., health risk behaviors
and health symptoms) were examined as potential mediators of this relationship. The
prospective study design, including pre- and post-deployment assessments, offered a
unique opportunity to examine directional relationships with more rigor than that
possible within cross-sectional frameworks or via longitudinal assessment beginning
after trauma exposure. The non-treatment seeking sample of Iraq War veterans also
provided a rare opportunity to examine relationships among PTSD symptoms, health
risk behaviors, health symptoms, and health-related functioning in a recently trauma-
exposed sample, prior to development of chronic dysfunction.

We hypothesized that PTSD symptom severity at post-deployment would be
inversely related to change in physical health functioning. Such change was measured
with “residualized” scores: the values of the post-deployment functioning outcome
measure after removing the contributions of the pre-deployment scores to this measure
(i.e., a difference score between predicted physical health functioning from the earlier
assessment and the actual observed score at the later assessment). We further
predicted that in addition to direct relationships between PTSD symptomatology and
physical health-related functioning, the relationship between PTSD symptoms and
physical health-related functioning would be partially mediated by health-related risk
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behaviors and post-deployment health symptoms. In addition, we took advantage of
our assessments of pre-deployment PTSD, smoking, and drinking, and their
associations with one another and with pre-deployment physical health functioning, to
examine the stability of the pattern of their relationships over time.

METHODS

Human Subjects Considerations

Human subjects approvals were obtained from Human Subjects Review Boards
of the Army, Tulane University Health Sciences Center, and Department of Veterans
Affairs. All participants provided written informed consent prior to participation.

Participants

Participants were 800 U.S. Army soldiers who deployed to Iraqg in support of OIF
between October 2003 and December 2004 and were assessed before (Time 1) and
after (Time 2) their deployment. Participants were selected from a cohort of 1542
soldiers enrolled in the Neurocognition Deployment Health Study (NDHS), a larger
study targeting neuropsychological outcomes of Iraq deployment [53-54]. Detailed
sampling, recruitment, and consent procedures are described elsewhere [54]. In brief,
sampling was conducted at the battalion unit level and attempted to capture
heterogeneous deployment experiences and geographic separation within the war
zone. Units represented combat arms, combat support, and combat service support
functions, and were drawn from both the regular active duty (AD) force and the National
Guard (NG). Study volunteers were not invited to complete procedures if pending
separation from service or reassignment to another installation at Time 1, or if unable to
complete the study protocol due to physical limitations (e.g., broken hand).

The Time 1 NDHS participation rate (n = 1542) was high (94.4%). At Time 2,
participants who remained assigned to units located at the same AD military installation
or NG armory were again invited to participate in the full study protocol. Of the 1542
soldiers assessed at Time 1, 75.5% (70.8% from deployed units, 82.9% from non-
deployed units) participated at Time 2. Because hypotheses center on relationships
between war-related PTSD and health functional impact, only soldiers who deployed
between Time 1 and Time 2 are considered in this report. At Time 2, the predominant
reason for non-participation among deployers was that they were no longer with their
original military unit (n = 186; 60.4%). Other reasons for non-participation at Time 2
included being on leave or special assignment (n = 36; 11.7%), sickness/injury (n =7,
2.2%), deployed at Time 2 (n = 7; 2.2%); declined participation (n = 7; 2.2%); de-
activated Reservist (n = 4; 1.3%); deceased (n = 3; 1.0%); and other/unknown (n = 58;
18.8%). An additional 24 deployers were excluded for invalid (i.e., internally
inconsistent) questionnaire response profiles (n = 21) or not completing a questionnaire
at both time points (n = 3), resulting in a final deployed sample of 800 (n = 687 AD; n =
113 NG) soldiers.

At Time 1, participants in the final sample generally reflected the broader OIF-
deployed Army population. On average, participants were 25.8 years (SD = 6.0 years)
of age, had completed 12.5 years (SD = 1.4 years) of education, and had served in the
Army 4.7 years (SD = 4.9 years). Almost half (46.9%) were married at Time 1, and
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38.6% identified themselves as being of ethnic minority status. Women (7.0%) were
under-represented compared to the expected proportion of contemporaneously
deployed Army women, but were representative of the gender composition of
participating military units. Commissioned officers were also under-represented at
2.2%. At Time 1, 11.5% had participated in a prior overseas operational deployment
(1.3% deploying to Afghanistan or Kuwait in 2001 or later; n = 1 participant having
served in Irag). The most prevalent military occupational categories were infantry/gun
crew (37.0%), communication/intelligence (16.5%), electrical/mechanical equipment
repair (15.1%), and service supply (8.1%). Among participants for whom deployment
and redeployment dates were available (n = 777), all but 27 (23 AD, 4 NG) served a 12-
month OIF rotation.

Measures

Demographic (e.g., age, gender) and military (e.g., rank, deployment history)
information was queried via interview and written survey questions. Military information
was verified by service records. Comprehensive description of primary assessment
data and secondary data obtained from automated military databases is described
elsewhere [52]. Description of measures relevant to hypotheses in this report follows.

PTSD symptom severity. The PTSD Checklist (PCL), a widely-used self-report
scale measuring distress levels associated with each DSM-IV PTSD symptom [55-56],
was used to derive PTSD symptom severity scores and was administered at both Time
1 and Time 2. The civilian version was used for comparability across time points,
including Time 1 in which the majority of participants had no prior combat exposure.
The PCL is characterized by high test-retest reliability (rs = 0.92 and 0.88 for immediate
and 1-week retest, respectively), internal consistency (Cronbach’s alpha = 0.94), and
convergent validity (rs > 0.75) with other PTSD measures [57]. Dimensional symptom-
based indicators of PTSD (i.e., re-experiencing, avoidance, emotional numbing,
hyperarousal), reflecting a 4-factor model [58], were generated by grouping PCL items
into appropriate subscale scores.

Health risk behaviors and health symptoms. To reduce respondent burden,
health risk behaviors were limited to screening items judged to be of highest relevance
to NDHS primary outcome domains (neuropsychological functions). Collected at Time 1
and Time 2, health risk measures included average number of alcoholic drinks per week
in the month prior to assessment and current cigarette smoking. Smoking was
categorized as 0 = no smoking, 1 = smokes less than 1 pack per day, 2 = smokes 1-2
packs per day, 3 = smokes 3 or more packs per day, subsequently collapsed into no-
smoking (0) and smoking (1).

Health symptoms were measured at Time 2 with an abbreviated version of a
health symptom checklist, adapted from earlier work involving 1991 Gulf War veterans
[59]. Each participant was asked to report the frequency that he/she experienced a set
of 17 health symptoms and complaints (e.g., headaches, irregular heart beats, common
cold) over the prior 30 days, scaled from 0 to 4 (0 = no symptom; 1 = rarely, 1-2 times in
all; 2 = some, about once per week; 3 = often, several times per week; 4 = very often,
almost every day). The summary score was computed by summing the 17 symptom
frequencies.
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Health-related functioning. The self-appraised impact of somatic (“physical”)
problems on basic components of day-to-day functioning (e.g., accomplishing less than
usual) were measured at Time 1 and Time 2 with the physical component score (PCS-
12) of the Medical Outcomes Study Short Form 12 [60], adapted for use in military
veterans (VR-12, formerly referred to SF12V). The VR-12 is the short form of the widely
used SF36V. PCS-12 (short form) component score have correlated highly with PCS-
36 scores (r = 0.95) from the SF36 (long form) [60]. Alternate forms reliability measures
have shown estimates from 0.84 to 0.90 across different samples varied by age,
gender, and health status [61]. Test-retest reliability, based on intraclass correlations,
has been high for healthy community volunteers (r = 0.84) [62] and volunteers with
severe mental iliness diagnoses (r = 0.79) [63].

Procedures

As described by Vasterling et al. [54], survey measures were administered in
small groups at military installations for most participants. It was also possible to
contact a smaller subset of participants (n = 21) by mail who were not present at military
installations during Time 2 data collection. Time 1 assessments for deploying military
units occurred between April 2003 and July 2004. Face-to-face Time 2 assessments
occurred between January 2005 and September 2006, with mail assessments
completed by December 2006.

Pre-deployment assessment of AD soldiers occurred an average of 95.2 days
(SD = 95.1 days) prior to actual deployment (median = 45 days), although most
participants thought deployment to be imminent at the time of their assessments. The
discrepancy between expected and actual deployment dates reflects that a subset of
AD participants belonged to military units for which deployment orders were cancelled
after their Time 1 assessment. Deployment orders for these units were subsequently
reinstated. Thus, although all units were actively preparing to deploy at Time 1, a
subset did not actually deploy until several months later.

At Time 1, NG soldiers had been recently mobilized from their home states and
sent to Camp Shelby for training and preparation. The NG pre-deployment
assessments immediately preceded participation in intensive desert training, which was
followed by a brief return to Camp Shelby, and then deployment to Iraq. Reflecting this
sequence of events, pre-deployment assessment of NG soldiers occurred an average of
114.3 days (SD = 31.9 days) prior to their overseas deployment (median = 115 days).

Post-deployment assessment of AD soldiers serving full tours occurred an
average of 73.4 days (SD = 19.5 days) from each participant’s return from Irag (median
= 75 days); post-deployment assessment of NG soldiers occurred an average of 197.5
days (SD = 34.0 days) following their return from Iraq (median = 189 days), reflecting
scheduling constraints associated with the timing of NG post-deployment assemblies.

Statistical Analyses

Data Preparation. Missing values for specific items (occurring in <3% of cases)
were replaced by the mean value of the individual’s completed items for that measure;
however, if fewer than 50% of the items on a measure were completed, summary
scores were not computed.
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Analyses. For all analyses, raw data were submitted to the Mplus program
version 4.1 [64]. Prior to computing the multivariate models, an estimated bivariate
correlation matrix of the latent study variables was examined and interpreted according
to Cohen [65]. Structural equation modeling (SEM) was used to test the hypothesized
models. Data were collected and therefore clustered within battalion-level units. To
account for the effects of assignment to a particular battalion, battalion unit membership
was entered as a cluster variable into all SEM equations. Age was included as a
covariate in all SEM analyses. The full information maximum likelihood (FIML) method
was used to accommodate missing data (occurring in 14% of cases). Soldiers who did
not participate in the post-deployment assessment were excluded from analyses.

PTSD was modeled as a latent variable with four observed indicators: PTSD re-
experiencing, PTSD avoidance, PTSD numbing, and PTSD hyperarousal subscales.
Age was included in the measurement model as an observed variable. The model also
involved the following variables that were singly-identified by their corresponding
observed scale scores: pre-deployment smoking, pre-deployment drinking, pre-
deployment physical functioning, post-deployment smoking, post-deployment drinking,
post-deployment health symptoms, and post-deployment physical functioning,

SEM analyses followed a two-step approach. First, a measurement model was
computed to test the adequacy of the hypothesized latent (i.e., not directly observed)
variables in explaining the corresponding observed indicators. Second, a structural
model was specified and evaluated to examine the effects of PTSD symptoms, negative
health behaviors, and health symptoms on physical functioning. Variables from pre-
and post-deployment time periods were used to test the hypothesized model pathways,
with the exception of health symptoms for which data were collected only at post-
deployment. Mplus was used to calculate the direct and indirect effects of model
predictors on physical functioning. The two-wave (pre- and post-deployment) data
structure enabled us to examine whether model predictors influenced change in
functioning over time and to ascertain the stability of predictors over the pre- to post-
deployment interval.

All model variables were continuous with the exception of pre- and post-
deployment smoking, which was modeled dichotomously (smoker vs. non-smoker).
Mplus model pathways involving dichotomously modeled variables are based upon
polychoric correlation coefficients [66]. Given that the smoking variable was
dichotomous, the weighted least-squares with mean and variance adjustment (WLSMV)
estimator, which has been shown to be an ideal estimator for models involving
dichotomous data [67], was used in all SEM analyses.

RESULTS

Variable Descriptives and Bivariate Correlations among Study Variables

Table 1 provides the means and standard deviations of key study variables at
pre- and post-deployment assessment. Results of bivariate correlational analyses
revealed significant bivariate correlations in the hypothesized direction for most model
latent variables (Table 2). Correlations between health risk behaviors (smoking and
drinking) and other model variables were generally in the small range according to
Cohen’s guidelines [65]. The cross-sectional correlation between PTSD and physical
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functioning was small at pre-deployment and moderate at post-deployment. In contrast,
post-deployment health symptoms evidenced a large correlation with post-deployment
PTSD and a moderate to large correlation with post-deployment physical functioning.
As would be expected, post-deployment values of key measures (PTSD, health
behaviors, functioning) were strongly correlated with pre-deployment values of the same
measures. This was particularly true of smoking status, which changed very little over
time.

Multivariate SEM Analyses

SEM was used to test the hypothesized multivariate model involving PTSD
symptoms, health risk behaviors, health symptoms, and physical functioning at pre- and
post-deployment (Figure 1).

Measurement model. A measurement model was first calculated to determine
the adequacy of the hypothesized latent model structure in explaining the underlying
observed data. The measurement model was shown to produce an acceptable model
fit. Although the chi-square test was significant (x* (5, N = 800) = 14.37, p = .01), this
test is shown to be extremely sensitive to even small model-data deviations with large
samples and is, therefore, a poor measure of the overall statistical model [68].
Therefore, the comparative fit index (CFIl) [69] and root mean square error of
approximation (RMSEA) are more appropriate fit indices by which to judge model fit.
The CFl was .98, exceeding the recommended standard of .95, and the RMSEA
estimate of .05 fell below its suggested maximum value of .08 [70-72]. These results
suggested that the latent variable model effectively matched the underlying data
structure.

Structural model. A structural model was next computed to test the hypothesized
relationships among study variables (Figure 1). Fit indices for the structural model
suggested an acceptable fit to the data, (x> (5, N = 800) = 16.53, p = .006), CFI = .98,
RMSEA = .05.

Pre-deployment. At pre-deployment, more severe PTSD symptomatology was
associated with greater alcohol consumption, but the relationship between PTSD
symptoms and smoking behaviors was nonsignificant (Figure 2). Endorsement of pre-
deployment smoking was associated with poorer pre-deployment physical health
functioning, whereas level of drinking was not related to physical functioning at the pre-
deployment assessment. In addition, pre-deployment PTSD symptomatology was
negatively associated with pre-deployment physical health functioning.

Post-deployment. At post-deployment, PTSD symptoms were again directly
associated with drinking behavior. Moreover, this relationship was maintained even
after controlling for pre-deployment drinking, suggesting that higher levels of post-
deployment PTSD were associated with increases in drinking from pre- to post-
deployment. A large positive relationship was also observed between post-deployment
PTSD and post-deployment health symptoms. In contrast to a direct relationship
between PTSD symptoms and health functioning observed at pre-deployment, the
association between post-deployment PTSD symptoms and change in physical health
functioning across deployment was found to be indirect (Figure 2). Specifically, the
relationship between PTSD and functional change was almost entirely explained by
post-deployment health symptoms (standardized indirect effects = -.27, p <.001). In
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the presence of PTSD, neither post-deployment drinking nor post-deployment smoking
behaviors were associated with post-deployment health symptoms or physical health
functioning (Table 3). Hence, changes in pre- to post-deployment physical health
functioning were partially explained by the positive pathway from post-deployment
PTSD to health symptoms and by the negative pathway from health symptoms to
residualized change in physical health functioning.

DISCUSSION

To our knowledge, this is the first study to examine longitudinal relationships
between PTSD symptomatology and health-related functioning. In a sample of 800 US
Army soldiers deployed to Iraqg, we found an indirect relationship between PTSD and
health-related functional outcomes. Specifically, post-deployment PTSD symptom
severity was only weakly related to day-to-day health related functioning if the influence
of health symptoms was controlled. Instead, PTSD symptoms seem to adversely
impact physical health functioning via their negative effect on health symptoms, which in
turn negatively influence day-to-day functioning. While intuitive that the impact of health
on day-to-day functioning has much to do with the number and frequency of somatic
symptoms, of particular relevance to military veterans and other trauma victims seeking
treatment for PTSD, such health symptoms appear to be set in motion by PTSD.

Contrary to our hypotheses, the statistical model revealed no evidence that
select health risk behaviors served as a mediator between PTSD symptoms and health
symptoms. Although smoking mediated the relationship between PTSD and health
functioning at pre-deployment, smoking was not related to either PTSD symptoms or
health functioning at post-deployment. Instead, smoking status appeared to be
relatively invariant across time, regardless of PTSD symptom levels or health
functioning status. Therefore, neither the direct relationship between PTSD symptoms
and health symptoms nor the indirect relationship between PTSD and decline in health
functioning (mediated by health symptoms) could be explained by health risk behaviors.

This finding suggests a more direct relationship, or the existence of an
unobserved mediating factor, between PTSD and health symptom development. There
are several alternate mechanisms, such as depression [74], coping behaviors [75], and
biological resiliency factors [76], that have been proposed but not tested within our
model. Alternately, it may be that our measurement of behavioral health risk factors,
which was limited to relatively course screening measures, did not capture the most
relevant dimensions of health risk behavior.

It is also noteworthy that relationships between PTSD symptoms, health
symptoms, and day-to-day functioning were demonstrated in a cohort of non-treatment
seeking, predominantly young Army soldiers who had recently returned from overseas
deployment. It could be hypothesized that such relationships might be even more
prominent among treatment-seeking military veterans or among those beginning to
express more chronic symptoms of PTSD. That PTSD symptoms were already
appearing to exert some impact on health-related functioning in a population that should
not otherwise be at heightened risk for diminished health status also highlights the
benefits of early mental and physical health screening in both primary care and mental
health settings, even among seemingly healthy newly returning veterans. Finally, these
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findings point to the need for early mental health interventions to take into consideration
health symptoms and functional impact. Such outcomes as quality of life, psychosocial
relationships, and occupational functioning are equal in importance as intervention
targets to more traditional symptom relief.

Interpretation of study findings is limited by several factors, including the failure to
measure somatic health symptoms at pre-deployment assessment, the restriction of
health risk assessment to screening measures, the under-representation in the sample
of women, officers, and reservists, and the inclusion of only one service branch.
Nonetheless, the prospective design, large sample size, range of military occupational
specialties, and the representativeness of the sample to the larger deployed Army
population on other relevant dimensions provide examination of relationships among
PTSD symptoms, health, and functioning in a manner not previously possible.

CONCLUSION

This prospective study of a large cohort of US Army soldiers who deployed to
Iraq in support of OIF revealed that the impact of PTSD extends beyond adverse
emotional sequelae to health symptoms and health-related day-to-day functioning. The
findings have significant implications for the reduction of personal burden and societal
costs among military veterans and other trauma-exposed populations who develop
PTSD symptoms following exposure to extreme stress.

ACKNOWLEDGMENTS AND DISCLAIMER

We would like to thank the soldier participants and their sponsoring military units.
We are also grateful to the Corp Surgeons’ Offices that supported the study; the Office
of the Command Surgeon, US Army Forces Command; and, the US Army Research
Institute of Environmental Medicine. The study could not have been conducted without
the generosity of the largely volunteer examiner team. Finally, we thank Dr. Casey Taft
for his review of an earlier version of the manuscript.

This work was supported by US Army Research and Materiel Command (DAMD
17-03-0020; HSRRB Log No. A-11815), VA Clinical Sciences Research and
Development Awards, and the VA South Central Mental lllness Research, Education,
and Clinical Center. Portions of this work were completed at the Southeast Louisiana
Veterans Healthcare System (formerly New Orleans VA Medical Center).

The opinions or assertions contained herein are the private views of the author(s)
and are not to be construed as official or reflecting the views of the U.S. government.
The investigators have adhered to the policies for protection of human subjects as
prescribed in Army Regulation 70-25, and the research was conducted in adherence
with the provisions of 32 CFR Part 219. Human subjects participated in these studies
after giving their free and informed voluntary consent. Investigators adhered to AR 70-
25 and USAMRMC Regulation 70-25 on the use of volunteers in research.

39



REFERENCES

1. Wilson JP. PTSD and complex PTSD: Symptoms, syndromes, and diagnoses.
In: Wilson JP. Keane TM, editors. Assessing psychological trauma and PTSD. 2d
ed. New York:Guilford; 2004. p. 7-44.

2. Friedman MJ, Schnurr PP. The relationship between PTSD, trauma, and physical
health. In: Friedman MJ. Charney DS. Deutch AY, editors. Neurobiological and
clinical consequences of stress: From normal adaptation to PTSD. 1% ed.
Philadelphia: Lippincott-Raven; 1995. p. 507-527.

3. Beckham JC, Moore SD, Feldman ME, Hertzberg MA, Kirby AC, Fairbank JA.
Health status, somatization, and severity of posttraumatic stress disorder in
Vietnam combat veterans with posttraumatic stress disorder. Am J Psychiatry.
1998;155:1565-1569.

4. Schnurr PP, Jankowski MK. Physical health and post-traumatic stress disorder:
Review and synthesis. Semin Clin Neuropsychiatry. 1999;4:295-304.

5. Buckley TC, Mozley SL, Bedard MA, Dewulf A, Greif J. Preventive health
behaviors, health-risk behaviors, physical morbidity, and health-related role
functioning impairment in veterans with post-traumatic stress disorder. Mil Med.
2004;169(7):536-540.

6. Green BL, Kimerling R. Trauma, posttraumatic stress disorder, and health status.
In: Schnurr PP. Green BL, editors. Trauma and health: physical health
consequences of exposure to extreme stress. 1% ed. Washington DC: American
Psychological Association; 2004. p. 13-42.

7. Hoge CW, Terhakopian A, Castro CA, Messer SC, Engel CC. Association of
posttraumatic stress disorder with somatic symptoms, health care visits, and
absenteeism among Iraqg War veterans. Am J Psychiatry. 2007;164(1):150-153.

8. Zatzick DF, Marmar CR, Weiss DS, Browner WS, Metzler TJ, Golding JM, et al.
Posttraumatic stress disorder and functioning and quality of life outcomes in a
nationally representative sample of male Vietham veterans. Am J Psychiatry.
1997;154:1690-1695.

9. Schnurr PP, Spiro A. Combat exposure, posttraumatic stress disorder symptoms,
and health behaviors as predictors of self-reported physical health in older
veterans. J Nerv Ment Dis. 1999;187(6):353-359.

10. Schnurr PP, Spiro A, Paris AH. Physician-diagnosed medical disorders in relation
to PTSD symptoms in older male military veterans. Health Psychol.
2000;19(2):91-97.

11.Barrett DH, Doebbeling CC, Schwartz DA, Voelker MD, Falter KH, Woolson RF,
et al. Posttraumatic stress disorder and self-reported physical health status
among U.S. military personnel serving during the Gulf War period: Population-
based study. Psychosomatics. 2002;43:195-205.

12.Zayfert C, Dums AR, Ferguson RJ, Hegel MT. Health functioning impairments
associated with posttraumatic stress disorder, anxiety disorders, and depression.
J Nerv Ment Dis. 2002;190:233-240.

13.Magruder KM, Frueh CB, Knapp RG, Johnson MR, Vaughan JA, Carson TC, et
al. PTSD symptoms, demographic characteristics, and functional status among
veterans treated in VA primary care clinics. J Trauma Stress. 2004;17(4):293-
301.

40



14.Mancino MJ, Pyne JM, Tripathi S, Constans J, Roca V, Freeman T. Quality-
adjusted health status in veterans with posttraumatic stress disorder. J Nerv
Ment Dis. 2006;194(11):877-879.

15.Schnurr PP, Hayes AF, Lunney CA, McFall M, Uddo M. Longitudinal analysis of
the relationship between symptoms and quality of life in veterans treated for
posttraumatic stress disorder. J Consult Clin Psychol. 2006;74:707-713.

16.Erbes C, Westermeyer J, Engdahl B, Johnsen E. Post-traumatic stress disorder
and service utilization in a sample of service members from Irag and
Afghanistan. Mil Med. 2007;172(4):359-363.

17.Frueh BC, Turner SM, Beidel DC, Cahill SP. Assessment of social functioning in
combat veterans with PTSD. Aggress Violent Behav. 2001;6(1):71-90.

18.Bolton D, Hill J, O'Ryan D, Udwin O, Boyle S, Yule W. Long-term effects of
psychological trauma on psychosocial functioning. J Child Psychol Psychiatry.
2004;45(5):1007-1014.

19. Seal KH, Bertenthal D, Miner CR, Sen S, Marmar C. Bringing the war back
home: Mental health disorders among 103,788 U.S. veterans returning from Iraq
and Afghanistan seen at Department of Veterans Affairs facilities. Arch Intern
Med. 2007;167:476-482.

20. Stein MB, Walker JR, Hazen AL, Forde DR. Full and partial posttraumatic stress
disorder: Findings from a community survey. Am J Psychiatry. 1997;154:1114-
1119.

21.Greenberg PE, Sisitsky T, Kessler RC, Finkelstein SN, Berndt ER, Davidson JR,
et al. The economic burden of anxiety disorders in the 1990s. J Clin Psychiatry.
1999;60(7):427-435.

22.Solomon SD, Davidson JRT. Trauma: Prevalence, impairment, service use, and
cost. J Clin Psychiatry. 1997;58:5-11.

23.Marshall RP, Jorm AF, Grayson DA, O’'Toole BI. Posttraumatic stress disorder
and other predictors of health care consumption by Vietham veterans. Psychiatr
Serv. 1998;49(12):1609-1611.

24.Kessler RC, Zhao S, Katz SJ, Kouzis AC, Frank RG, Edlund M, et al. Past-year
use of outpatient services for psychiatric problems in the national comorbidity
survey. Am J Psychiatry. 1999;156:115-123.

25.Deykin EY, Keane TM, Kaloupek D, Fincke G, Rothendler J, Siegfried M, et al.
Posttraumatic stress disorder and the use of health services. Psychosom Med.
2001;63:835-841.

26.Calhoun PS, Bosworth HB, Grambow SC, Dudley TK, Beckham JC. Medical
service utilization by veterans seeking help for posttraumatic stress disorder. Am
J Psychiatry. 2002;159(12):2081-2086.

27.Walker EA, Katon W, Russo J, Ciechanowski P, Newman E, Wagner AW. Health
care costs associated with posttraumatic stress disorder symptoms in women.
Arch Gen Psychiatry. 2003;60:369-374.

28.Kulka RA, Schlenger WE, Fairbank JA, Hough RL, Jordan BK, Marmar CR, et al.
Trauma and the Vietnam war generation: Report of findings from the National
Vietnam Veterans Readjustment Study. New York: Brunner/Mazel;1990.

29.Kang HK, Natelson BH, Mahan CM, Lee KY, Murphy FM. Post-traumatic stress
disorder and chronic fatigue syndrome-like illness among Gulf War veterans: A

41



population-based survey of 30,000 veterans. Am J Epidemiol. 2003;157(2):141-
148.

30.Hoge CW, Castro CA, Messer SC, McGurk D, Cotting DI, Koffman RL. Combat
duty in Irag and Afghanistan, mental health problems, and barriers to care. N
Engl J Med. 2004,;351:13-22.

31.Dohrenwend BP, Turner JB, Turse NA, Adams BG, Koenen KC, Marshall R. The
psychological risks of Vietham for U.S. veterans: A revisit with new data and
methods. Science. 2006;313:979-982.

32.Buckley TC, Green BL, Schnurr PP. Trauma, PTSD, and physical health:
Clinical issues. In: Wilson JP. Keane TM, editors. Assessing psychological
trauma and PTSD. 2d ed. New York:Guilford; 2004. p. 441-465.

33.Wolfe J, Proctor S, Erickson DJ, Heeren T, Friedman MJ, Huang MT, et al.
Relationship of psychiatric status to Gulf War veterans’ health problems.
Psychosom Med. 1999;61:532-540.

34.Martin L, Rosen LN, Durand DB, Knudson KH, Stretch RH. Psychological and
physical health effects of sexual assaults and nonsexual traumas among male
and female United States Army soldiers. Behav Med. 2000;26:23-33.

35.McCarroll JE, Ursano RJ, Fullerton CS, Liu X, Lundy A. Somatic symptoms in
Gulf War mortuary workers. Psychosom Med. 2002;64:29-33.

36.Wagner AW, Wolfe J, Rotnitsky A, Proctor S, Erickson DJ. An investigation of the
impact of posttraumatic stress disorder on physical health. J Trauma Stress.
2000;13:41-55.

37.Boscarino JA, Chang J. Electrocardiogram abnormalities among men with stress-
related psychiatric disorders: implications for coronary heart disease and clinical
research. Ann Behav Med. 1999;21(3):227-234.

38.Kubzansky LD, Koenen KC, Spiro A, Vokonas PS, Sparrow D. Prospective study
of posttraumatic stress disorder symptoms and coronary heart disease in the
Normative Aging Study. Arch Gen Psychiatry. 2007;64:109-116.

39.Boscarino JA. Diseases among men 20 years after exposure to severe stress:
implications for clinical research and medical care. Psychosom Med.
1997;59(6):605-614.

40.Aldwin CM, Yancura LA. Coping and health: A comparison of the stress and
trauma literatures. In: Schnurr PP. Green BL, editors. Trauma and health:
physical health consequences of exposure to extreme stress. 1° ed. Washington
DC: American Psychological Association; 2004. p. 99-125.

41.Ford DE. Depression, trauma, and cardiovascular health. In: Schnurr PP. Green
BL, editors. Trauma and health: physical health consequences of exposure to
extreme stress. 1% ed. Washington DC: American Psychological Association;
2004. p. 73-97.

42.Dougall AL, Baum A. Psychoneuroimmunology and trauma. In: Schnurr PP.
Green BL, editors. Trauma and health: physical health consequences of
exposure to extreme stress. 1% ed. Washington DC: American Psychological
Association; 2004. p. 129-155..

43.Friedman MJ, McEwen BS. Posttraumatic stress disorder, allostatic load, and
medical illness. In: Schnurr PP. Green BL, editors. Trauma and health: physical

42



health consequences of exposure to extreme stress. 1* ed. Washington DC:
American Psychological Association; 2004. p. 157-188.

44.Schnurr PP, Green BL. Understanding relationships among trauma,
posttraumatic stress disorder, and health outcomes. In: Schnurr PP. Green BL,
editors. Trauma and health: physical health consequences of exposure to
extreme stress. 1% ed. Washington DC: American Psychological Association;
2004. p. 247-275.

45. Zatzick DF, Jurkovich GJ, Gentilello L, Wisner D, Rivara FP. Posttraumatic
stress, problem drinking, and functional outcomes after injury. Arch Surg.
2002;137:200-205.

46.Adams RE, Boscarino JA, Galea S. Alcohol use, mental health status and
psychological well-being 2 years after the World Trade Center attacks in New
York City. Am J Drug Alcohol Abuse. 2006;32:203-224.

47.Beckham JC, Kirby AC, Feldman ME, Hertzberg MA, Moore SD, Crawford AL, et
al. Prevalence and correlates of heavy smoking in Vietham veterans with chronic
posttraumatic stress disorder. Addict Behav. 1997;22(5):637-647.

48.Boscarino JA. Posttraumatic stress disorder and mortality among U.S. Army
veterans 30 years after military service. Ann Epidemiol. 2006;16:248-256.

49.Rheingold AA, Acierno R, Resnick HS. Trauma, posttraumatic stress disorder,
and health risk behaviors. In: Schnurr PP. Green BL, editors. Trauma and health:
physical health consequences of exposure to extreme stress. 1 ed. Washington
DC: American Psychological Association; 2004. p. 217-243.

50.Sareen J, Cox B, Stein M, Afifi T, Fleet C, Asmundson G. Physical and mental
comorbidity, disability, and suicidal behavior associated with posttraumatic stress
disorder in a large community sample. Psychosom Med. 2007;69(3):242-248.

51.Taft CT, Stern AS, King LA, King DW. Modeling physical health and functional
health status: The role of combat exposure, posttraumatic stress disorder, and
personal resource attributes. J Trauma Stress. 1999;12(1):3-23.

52.Ford JD, Schnurr PP, Friedman MJ, Green BL, Adams G, Jex S. Posttraumatic
stress disorder symptoms, physical health, and health care utilization 50 years
after repeated exposure to a toxic gas. J Trauma Stress. 2004: 17(3): 185-194.

53.Vasterling JJ, Proctor SP, Amoroso P, Kane R, Gackstetter G, Ryan MA, et al.
The Neurocognition Deployment Health Study: A prospective cohort study of
Army Soldiers. Mil Med. 2006;171(3):253-260.

54.Vasterling JJ, Proctor SP, Amoroso P, Kane R, Heeren T, White RF.
Neuropsychological outcomes of army personnel following deployment to the
Iraq war. JAMA. 2006;296(5):519-529.

55.Weathers FW, Litz BT, Herman DS, Huska JA, Keane TM. The PTSD Checkilist:
Reliability, validity, & diagnostic utility. Proceedings of the Annual Meeting of the
International Society for Traumatic Stress Studies; 1993 Oct; San Antonio, TX.

56.King DW, Leskin GA, King LA, Weathers FW. Confirmatory factor analysis of the
Clinician-Administered PTSD Scale: Evidence for the dimensionality of
posttraumatic stress disorder. Psychol Assess. 1998;10:90-96.

57.Ruggiero KJ, Del Ben K, Scotti JR, Rabalais AE. Psychometric properties of the
PTSD Checklist—Civilian version. J Trauma Stress. 2003;16(5):495-502.

43



58.Palmieri PA, Weathers FW, Difede J, King DW. Confirmatory factor analysis of
the PTSD Checklist and the Clinician-Administered PTSD Scale in disaster
workers exposed to the World Trade Center Ground Zero. J Abnorm Psychol.
2007;116(2):329-41.

59.Proctor SP, Heeren T, White RF, Wolfe J, Borgos MS, Davis JD, et al. Health
status of Persian Gulf War veterans: Self-reported symptoms, environmental
exposures and the effect of stress. Int J Epidemiol. 1998;27(6):1000-10.

60. Ware J, Kosinski M, Keller S. A 12-item short-form health survey—construction
of scales and preliminary tests of reliability and validity. Med Care.
1996;34(3):220-233.

61.Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. How to score Version 2 of
the SF12 Health Survey (with a supplement documenting Version 1). Lincoln, RI:
Qualitymetric Incorporated; 2002.

62.Lenert LA. The reliability and internal consistency of an internet-capable
computer program for measuring utilities. Qual Life Res. 2000;9(7):811-7.

63. Salyers MP, Bosworth HB, Swanson JW, Lamb-Pagone J, Osher FC. Reliability
and validity of the SF-12 health survey among people with severe mental iliness.
Med Care. 2000;38(11):1141-50.

64.Muthén LK, Muthén BO. Mplus (Version 4.1) [Computer software]. Los Angeles:
Author; 2006.

65.Cohen J. Statistical power analysis for the behavioral sciences. 2d ed. Hillsdale,
NJ: Lawrence Erlbaum Associates; 1988.

66. Muthén, LK, Muthén, BO. Mplus version 4 user’s guide. Los Angeles: Author;
2006b.

67.Muthén, B, du Toit, SHC, Spisic, D. Robust inference using weighted least
squares and quadratic estimating equations in latent variable modeling with
categorical and continuous outcomes. Unpublished manuscript; 1997.

68. Tabachnick B, Fidell LS. Using multivariate statistics. 4th ed. New York:Addison
Wesley; 2003.

69.Bentler PM. Comparative fit indexes in structural models. Psychol Bull.
1990;107:238-246.

70. Steiger JH. Structural model evaluation and modification: An interval estimation
approach. Behav Res. 1990;25:173-180.

71.Browne MW, Cudeck R. Alternative ways of assessing model fit. In Bollen KA.
Long JS, editors. Testing Structural Equation Models. Newbury Park, CA: Sage,;
1993. p. 136-162.

72. Hu L, Bentler PM. Fit indices in covariance structure modeling: Sensitivity to
underparameterized model misspecification. Psychol Methods. 1998;3:424-453.

73. Self-reported illness and health status among Gulf War veterans. A population-
based study. lowa Persian Gulf Study Group. JAMA. 1997;277(3):238-245.

74.Breslau N, Davis GC, Peterson EL, Schultz LR. A second look at comorbidity in
victims of trauma: The posttraumatic stress disorder-major depression
connection. Biol Psychiatry. 2000;48:902-909.

75. Sharkansky EJ, King DW, King LA, Wolfe J, Erickson DJ, Stokes LR. Coping with
Gulf War combat stress: mediating and moderating effects. J Abnorm Psychol.
2000;109(2):188-197.

44



76.McEwen BS, Stellar E. Stress and the individual: Mechanisms leading to
disease. Arch Int Med. 1993;153:2093-2101.

45



Table 1.
Descriptive statistics (mean + standard deviation) of observed SEM model variables for
deployed soldiers who participated in pre- and post-deployment assessments (N = 800).

Variable Time 1 Time 2
PCL re-experiencing summary score 7.68 + 3.88 9.38 +4.43
PCL avoidance summary score 3.47 +2.04 3.85+2.17
PCL numbing summary score 8.13+3.85 8.46 + 4.05
PCL hyperarousal summary score 9.32+4.16 11.06 + 4.87
PCL summary score 28.60 +12.04 32.70 + 13.47
% current smoker 48.9% 48.4%
alcoholic drinks per week, past month 7.51+11.52 8.29 + 10.61
VR-12 physical component score 51.99 + 6.90 50.51 + 7.57
Health checklist summary score -- 13.40 + 11.59

SEM = structural equation model; Time 1 = pre-deployment; Time 2 = post-deployment; PCL =
PTSD Checklist
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Table 2.
Estimated SEM latent variable correlations.

Variable 1 2 3 4 5 6 7 8 9 10
1.T1 age
2. TLPTSD -
0.12*
3.T1 - 0.10*
smoking 0.09*
4.T1 - 0.09* 0.27*
drinking 0.11*
5. T1 phys - - - -0.03 ---
function 0.11* 0.16* 0.10*
6. T2 PTSD 0.03 0.52* 0.04 0.12* -
0.13*
7.T2 - 0.09* 0.92* 0.23* - 0.10*
smoking 0.12* 0.07*
8.T2 - 0.12* 0.23* 0.57* 0.00 0.12* 0.31*
drinking 0.15*
9. T2 health 0.08* 0.40* 0.06 0.01 - 0.65* 0.05 0.06
symptoms 0.20*
10. T2 phys - - -0.04 -0.01 0.35* - -0.05 - - -
function 0.12* 0.16* 0.26* 0.03 04 -
0* -

T1= pre-deployment, PTSD = posttraumatic stress disorder, smoking (0= non-smoker, 1=smoker), drinking =
alcoholic drinks per week, phys function = physical functioning, T2 = post-deployment. Relationships involving
smoking are based upon polychoric correlations. * p < .05.



Table 3
SEM model standardized effects of post-deployment model predictors on post-

deployment physical health functioning while controlling for pre-deployment physical
health functioning.

Variable Direct Effects  Indirect Total Effects
Effects

Post-deployment smoking .00 -.02 -.02

Post-deployment drinking -.02 .01 -.01

Post-deployment PTSD .06 -.28%** - 22%**

Post-deployment health symptoms - 40%** - 40%**
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Austere and stressful circumstances, including exposure to horrific and life-threatening
situations, typically characterize war zones. Both human and animal studies have provided
considerable scientific evidence that exposure to extreme stress of the type encountered in war
zones can lead to adverse neurobiological and psychological sequelae, including pronounced
psychiatric symptoms and maladaptive behavioral changes. Unfortunately, it is becoming
increasingly apparent that the consequences of war and other psychological trauma can extend
well beyond classic psychiatric symptoms to include other types of health-related and
psychosocial problems. Neuropsychological functioning encompasses cognitive (e.g., memory,
attention, and reasoning), perceptual-sensory-motor (e.g., motor speed), and emotional (e.g.,
mood) behaviors thought to reflect brain integrity. In this paper, we discuss the
neuropsychological correlates of trauma exposure, particularly among war zone veterans, and
the implications of these findings for prevention, health care, and the research agenda.
Specifically, this paper reviews the occupational and functional consequences of trauma
exposure and describes both the arguments supporting and factors limiting the implementation
of neuropsychological screening assessments as standard health surveillance among military
populations.

Epidemiology of trauma exposure and PTSD

Psychological trauma is typically defined as an experience that poses a serious threat to
the life or physical integrity of the individual or someone close to him or her. Trauma of this
nature is often accompanied by an intense emotional reaction. Examples include physical and
sexual assault, child abuse, fires and other natural disasters, terrorist attacks, life-threatening
accidents, community violence, and military combat. At least one out of two people will be
exposed over the course of their lifetimes to a psychologically traumatic event, and over half of
those exposed to psychological trauma will be exposed to multiple traumatic events[1]. The rate
of exposure increases in populations at high risk, such as military personnel deployed to war
zones.

Exposure to psychological trauma results in a physiological and psychological stress
response thought to be immediately adaptive during life-threatening situations. This response
helps the organism take appropriate action and therefore enhance the odds of survival.
Posttraumatic stress disorder (PTSD) can develop , however, when acute stress responses
occurring in the immediate context of the life-threatening situation endure after the threat is
removed and become chronic symptoms. The symptoms of PTSD include re-experiencing of
the trauma (e.g., nightmares, intrusive thoughts), avoidance of thoughts and environmental
stimuli reminiscent of the trauma, emotional “numbing”, and increased incidence of arousal
(e.g., difficulties with sleep, exaggerated startle). The lifetime prevalence of PTSD in the adult
U.S. population has been estimated to be 6.8%, with the 12-month prevalence rate estimated to
be 3.6%][1, 2]. PTSD occurs much more frequently in populations in which trauma exposure is
more common and severe, such as war-zone veterans. For example, a recent re-analysis of
the National Vietnam Veterans Readjustment Survey yielded a conservative estimate that
18.7% of Vietnam veterans experienced PTSD at some point in their lives, and 9.1% met criteria
for current PTSD over ten years after their war-zone service[3]. Although not derived from
population-based samples, recent screening estimates of current PTSD among Iraq War
veterans have suggested that over 12% of veterans of contemporary war zones experience
clinically significant posttraumatic stress symptoms within the first 90 days of their return[4], with
the prevalence of the disorder increasing over time[5].



Neuropsychological functioning and PTSD

Subjective complaints of cognitive impairment among those affected by exposure to
severe stress are not uncommon, as reflected by the integration of attention and memory
abnormalities into the PTSD diagnostic criteria. These symptoms include poor concentration,
“hypervigilance” (i.e., enhanced attention) to threat, intrusion of distressing trauma-related
memories into conscious thoughts and dreams, and psychogenic amnesia (i.e., certain aspects
of the traumatic event cannot be readily recalled). These clinical expressions of cognitive
abnormalities are echoed within two bodies of scientific research involving humans. In one area
of research, studies have documented how people experiencing PTSD preferentially process
trauma-relevant information as compared to information not perceived to be threatening. In the
second research domain, observational studies have revealed performance decrements on
specific types of emotionally neutral neuropsychological tasks. Not reviewed in this paper, but
also of relevance, is a large body of analog research conducted with animals that suggests at
least transient changes in learning and memory following stress exposure. We focus below on
the evidence derived from studies involving humans exposed to traumatic events.

Information processing biases

Consistent with the clinical phenomenon of hypervigilance to potential environmental
threat, PTSD is associated with biases in how threat-relevant information is processed[6].
People with PTSD are more likely to attend to, and to remember, trauma-relevant information
than other types of information that is less personally threatening[7, 8]. There also is
preliminary evidence that individuals with PTSD are biased to interpret emotionally ambiguous
information as threatening under certain conditions[9].

The tendency in PTSD to attend to threat-relevant information has been especially well
documented using an experimental paradigm known as the emotional Stroop task. The
emotional Stoop task involves performing a perceptual task (i.e., naming the color of ink in
which a word is printed) when the semantic content of words is potentially distracting because of
their emotional relevance. Individuals with PTSD typically name the color of ink in which
trauma-related words are presented more slowly than they color-name emotionally neutral or
trauma-irrelevant word[10]. The slowed color-naming performance of individuals with PTSD is
interpreted as reflecting greater interference imparted by the threat value of these words. The
experimental finding of attentional bias resembles very closely the distraction that people with
PTSD report when they are confronted with elements in their immediate environment or internal
thoughts that remind them of the trauma.

Although not as extensively studied, there is also evidence of threat-relevant
anterograde memory biases in PTSD. Anterograde memory refers to the process of learning
and remembering new information. When presented with words that vary in their threat-
relevance, trauma-exposed individuals with PTSD show enhanced recall of the trauma-related
words whereas those without PTSD do not. This finding is especially true when memory is
tested with free recall tests (i.e., recall without prompts)[11]. On memory tasks that require
recall of a person’s prior life events (i.e., autobiographical memory tasks), individuals with PTSD
produce “overgeneral” memories in which they recall only broad categories of events, rather
than specific detailed accounts of life events[11, 12].

When placed within an evolutionary context, information processing biases to threat-
relevant information are initially adaptive. The cognitive capacity of any individual is limited,
leading to ongoing prioritization of cognitive effort and resources. What this means is that we



cannot attend to, or process with equal effort, all possible stimuli or events in our environments.
How we allocate cognitive resources can therefore influence survival when we are confronted
with life threat. In a potentially dangerous situation, it could be argued that survival will be
enhanced if the source of danger is held in focus enough to take appropriate action. Selective
memory of information relevant to previous threats can likewise help influence future behavior if
the individual is again confronted by the threat. Unfortunately, initially adaptive cognitive
responses to threats may be perpetuated beyond dangerous contexts and crossover to normal
life. Inthe case of PTSD, this occurs even when such thought processes are no longer
necessary and instead have become maladaptive.

Neuropsychological abnormalities on emotionally neutral tasks

Examination of neuropsychological abnormalities on emotionally neutral tasks remains a
developing area of research. Learning, memory, attention, and intellectual functioning have
been among the most commonly studied neurocognitive domains in PTSD samples, with
learning and memory studies constituting the largest proportion of these studies[13]. Overall,
this growing body of research indicates that PTSD is associated with mild deficits on learning
and memory tasks, especially during the initial acquisition phases of learning, on tasks
assessing specific components of attention, and on intellectual tasks assessing verbal
abilities[14]. This emerging field is not without controversy, however, and some studies have
not found neuropsychological abnormalities specific to PTSD[15-17].

Nevertheless, the evidence for anterograde memory dysfunction in PTSD is robust. A
recent meta-analysis that aggregated data from more than 1,400 participants provided strong
evidence that PTSD, as compared to the absence of PTSD comparators, is associated with less
proficient memory for emotionally neutral material[18]. Despite considerable variability between
studies, both civilian and military samples of adults with PTSD showed a consistent decrement
in memory performance that was small to moderate in magnitude and concerned primarily with
verbal rather than visual memory. Examination of concurrent conditions revealed that PTSD-
related memory deficits could not be attributed to head injury, a condition with particularly high
relevance to Iraq War veterans due to their elevated risk of exposure to road bombs and other
blasts resulting in concussive injuries[19-20].

There is also significant evidence of attentional impairment associated with PTSD. In
particular, PTSD has been associated with performance deficits on tasks that require working
memory (i.e., the ability to manipulate information mentally) or the ability to maintain optimal
levels of vigilance consistently over a prolonged interval (“sustained attention”)[21-23]. In
contrast, other aspects of attention, such as the ability to shift focus, appear impervious to
PTSDJ[23]. Interestingly, PTSD has been associated with cognitive disinhibition and commission
errors across both attention and memory tasks, a pattern collectively suggestive of a failure to
screen out task-irrelevant information[21]. Such a cognitive gating failure can be invoked to
explain the failure to inhibit unwanted and distressing re-experiencing of the trauma, one of the
hallmark symptoms of PTSD. In other words, people with PTSD are not always able to ignore
upsetting information related to their trauma experiences.

Although few studies have comprehensively measured intellectual functioning in PTSD,
those that have suggest that individuals without PTSD as compared to trauma-exposed
individuals with PTSD tend to perform better on 1Q tests, especially on those assessing verbal
skills[17, 22, 24-26]. The dissociation between verbal and visuo-spatial performances on
intellectual tasks[27] mirrors the pattern of relative verbal weaknesses on learning and memory
tasks, pointing to potential functional brain asymmetries in the direction of the left cerebral



hemisphere being relatively less activated than the right.
Neuropsychological functioning, stress, and the Iraq War

There is currently little published work addressing the neuropsychological outcomes of
the Iraqg War; however, we have recently published the results of a large scale study examining
neuropsychological outcomes of contemporary war-zone participation[28, 29]. In this study, we
used prospective methodology to document changes occurring from pre-deployment to post-
deployment among over 600 Irag-deployed Army soldiers and a comparable group of over 300
non-deployed Army soldiers. The results indicated that deployment to Iraq was associated with
performance disadvantages on objective tests of learning, memory, and attention, and
performance advantages on a test of simple reaction time. There is an elevated risk of
concussive brain injury associated with deployment to Irag; however, examination of the
potential contributions of brain injury to the neuropsychological findings revealed that the
findings could not be explained by deployment-related brain injury. Although PTSD symptoms
could similarly not explain the deployment-related findings, the results are consistent with the
pattern that might be expected to accompany a neurobiological stress response. The pattern of
results suggested to us that the neuropsychological findings represented an arousal-based
stress response that precedes PTSD symptoms but that may eventuate in PTSD if perpetuated.

Cognitive deficits and PTSD: Functional implications

In considering the clinical significance of neuropsychological abnormalities associated
with war-zone stress and PTSD, the potential impact of cognitive impairment on daily
functioning is the correlate of PTSD that is perhaps of greatest relevance to the individual and to
society. Evidence that PTSD leads to decreased occupational functioning[30], reduced quality
of life[31], and increased health risk[32,33] is accumulating. Although little work has been done
to assess the specific functional impact of cognitive abnormalities in PTSD, cognitive
impairment has potential to negatively impact work performance and other aspects of quality of
life.

Cognitive deficits, for example, have been associated with negative employment
outcomes following brain injury [34], including high rates of unemployment[35,36], frequent
termination from jobs, and decreased work efficiency[37]. Schizophrenia studies have similarly
revealed that neurocognitive functioning exerts a more potent effect on work capacity than do
the more overt and often salient psychiatric symptoms associated with the disorder[38]. Even in
healthy populations, cognitive impairment negatively affects occupational functioning via
mechanisms such as reduced performance efficiency, compromised decision-making,
distractibility, and increased error rates[39-44].

As a correlate of the potentially chronic neurobiological abnormalities associated with the
stress response, neuropsychological deficits may also reflect a prodrome or surrogate for
stress-related somatic illnesses. For example, allostatic load models of disease hold that an
organism adapts to stress by directing energy to achieve biological stability. After going through
repeated cycles of such adaptation, there can be a physiological cost, including the failure to
“shut off” certain neurobiological responses that, when prolonged, can result in decreased
immunity, tissue injury, and other adverse physiological effects such as elevated blood pressure
and hormonal disruption[45]. If neuropsychological impairment indeed reflects neurobiological
dysfunction associated with adaptation failures, these neuropsychological deficits may indicate
the initial progression to a much more extensive array of health problems than cognitive
compromise alone.



Cognitive deficits and PTSD: Policy implications
Healthcare, prevention, and surveillance in military and military veteran populations

The potential implications of neuropsychological compromise to the health and
functioning of war-zone veterans suggests that neuropsychological screening assessments
could be an important addition to standard health surveillance among military populations. In
addition to the relevance of neuropsychological functioning to stress-related conditions,
neuropsychological functioning is also sensitive to other potential deployment exposures such
as some classes of environmental hazards and traumatic brain injury. An additional advantage
of neuropsychological assessments as a measure of brain integrity is that they can be
conducted without physical discomfort, invasive methods, or expensive technology. Moreover,
neuropsychological functioning can be measured using standardized, performance-based
instruments that result in reliable and objective measurement. The neuropsychological
assessment process is a therefore a safe, portable, reliable, and cost-effective means of
estimating neural health.

There are currently several limiting factors to the widespread implementation of standard
neuropsychological surveillance in military and military veteran populations. First,
neuropsychological evaluations can be time-consuming and may therefore be limited in
feasibility, especially in times of increased demands on military personnel. Screenings are a
viable alternative; however, the field is at a point of development in which significant work still
needs to be done to assess the diagnostic efficiency of neuropsychological screening
evaluations against more comprehensive “gold-standard” assessments in healthy, military
populations[46]. A second and related impediment is that databases providing population-
based normative data on neuropsychological screening batteries are scarce, making it difficult
to effectively and appropriately interpret data derived from screening batteries. Finally, the
widespread use of neuropsychological screenings implies the existence of an infrastructure,
including sufficient healthcare providers with neuropsychological expertise that can handle
referral of positive screens to the subsequent levels of assessment and/or intervention. The
large potential gains in prevention and healthcare that can be realized through the
implementation of neuropsychological screening, combined with the large numbers of currently
deployed service members, highlight the immediate need to develop the appropriate normative
work and healthcare infrastructure to facilitate clinically meaningful neuropsychological
surveillance.

Implications for PTSD treatment research

There is a growing trend in treatment outcome and clinical trials research to define
outcomes more broadly than symptom alleviation. Given the practical implications of
neuropsychological integrity on day-to-day functioning, neuropsychological measures are a
potentially valuable ancillary index of treatment success. Measurement of neuropsychological
functioning as a treatment outcome may be especially relevant among returning veterans with
polytrauma conditions, many of which involve both PTSD and traumatic brain injury. Similarly,
inclusion of neuropsychological and information processing measures can inform mechanistic
intervention research with relevance to both the neural substrates and cognitive mechanisms
underlying the clinical expression of PTSD.

Neuropsychological assessment also has the potential to be used to examine individual
differences as predictors of treatment response, adherence, and completion. Although



treatments might show generally positive efficacy across large groups of people, not all
individuals respond to treatments similarly. Biological variation (reflected in neuropsychological
measures) may interact, for example, with psychopharmacological interventions in determining
outcomes. Similarly, certain psychological interventions, particularly those with strong cognitive
components (e.g., cognitive processing and cognitive-behavioral interventions), may be more or
less effective depending on the cognitive strengths and weaknesses of the individual. Certain
types of cognitive deficits, such as forgetfulness, could potentially affect adherence to many
different types of treatment. Therefore, the effectiveness of a number of interventions will
potentially be enhanced with memory aids, suggesting the need for systematic research
targeting protocol modifications that will increase adherence to, and completion of, promising
interventions via improving memory. To our knowledge, inclusion of cognitive predictors of
treatment response is a vastly understudied area that has significant potential to contribute to
optimized service delivery.

Conclusions

In summary, it has become increasingly clear that war-zone participation and other
exposures to extreme stress can result in an array of psychiatric symptoms and functional
impairments, including neuropsychological abnormalities. PTSD-related neuropsychological
dysfunction highlights the breadth of stress-related sequelae and underscores the importance of
looking beyond emotional distress in trauma-exposed individuals. Because of the direct
relevance of neuropsychological functioning to occupational performance and other aspects of
daily living, neuropsychological assessment is a potentially important healthcare tool that can be
used to assist in recovery and treatment efforts. Specifically, neuropsychological assessment
can help guide providers in their decisions about whether to initiate ancillary health care
services such as cognitive and vocational rehabilitation, or whether modification of standard
PTSD treatments is needed to accommodate any cognitive limitations. Finally, as a cost-
effective indicator of brain integrity and cognitive resources, neuropsychological assessment
stands to inform neurobiological and cognitive models of PTSD, contributing knowledge
regarding mechanisms of treatment and which individuals might best benefit from various
available treatment options.
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