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ABSTRACT

BACKGROUND: Female veterans are at risk for stmetated physical disorders
given unique environmental stress factors, higasraf trauma exposure and a
heightened physiologic stress response. Theraeégd to identify modifiable risk
factors which may help minimize the emergence amghrt of veteran illness.
RESEARCH QUESTION: The present study investigatedldontributions of
posttraumatic stress symptoms, maladaptive repetithought (MRT), depression,
childhood trauma and health behaviors (sleep, alcoke and smoking) to physical
disease as operationalized by immune-mediatednmflatory disease occurrence
and related functional disability. METHOD: Fem&eserve or National Guard
veteransN = 643) enrolled in a parent study conducted thinaihg lowa City Veteran’s
Affairs Hospital completed a one-time computer-stssi telephone interview. The
current study examined self-report measures oftq@ashatic stress symptoms, MRT,
depression, childhood trauma, smoking, alcohol sisep, inflammatory disease
incidence and physical functioning. RESULTS: Psgmbmodels of primary hypotheses
were tested using structural equation modelingsuRe indicated that both physical
disease and functional decline were greater inraegereporting a history of trauma.
Physical disease was associated with greater depnesnd childhood trauma but lower
levels of alcohol use after accounting for covasatUnexpectedly, greater MRT was
associated with less physical disease, althoughstonly related to disease when
depression was included as a covariate. Redueed was linked with greater disease
but only when depression was not included in theehand depression was found to
fully mediate the relationship between sleep angbglal disease. Smoking and the
interaction between posttraumatic stress symptordSvRT were generally unrelated to
physical disease in this sample. CONCLUSIONSuRe®f this study are consistent
with the hypothesis that physical disorders andteel functional decline are greater in

trauma-exposed individuals and that depressiofglobod trauma, repetitive thought and



alcohol use have independent associations withigdlydisease. This study offers
support for further research and interventions Wigiddress these relationships to protect

female veteran health.
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INTRODUCTION

Stress-related disease emerges, predominantlpf tl fact that we so often
activate a physiological system that has evolveddsponding to acute physical
emergencies, but we turn it on for months on eratyying about mortgages,
relationships, and promotions. (Sapolsky, 2004)p.

The role of the mind in both health and diseas®tsew, with references dating
back to the medical philosophy of the ancient Gsgékpowski, 1984). Modern
understanding of the effect of the mind on ourdggatal systems emerged in the 1920s
with the work of Walter Cannon (Lovallo, 2005). r@@n recognized that mental, as
well as physical challenge could disrupt the bogbyigsiological functioning and coined
the term “stress” in reference to such demandsplao the body. Building on the
work of Cannon, Lazarus and Folkman (1984a, 198ébgribed in their transactional
theory of stress that appraisal of an event pldysidamental role in determining the
magnitude of the stress reaction. Thus not ordyetlent, but also oumterpretationsof
the event are associated with a disruption of gay$unctioning.

The reactions these stressors provoke in our badeesalled the stresssponse
entailing both our body’s initial defensive reaatio the stressor and homeostasis, a
compensatory return to the normal pre-stressoripalystate in order to maintain internal
stability. Such stressors and stress responsenaceintered many times a day, often of
short duration and with little long-lasting effediiowever, when the stressor is
prolonged, the stress response is also prolonged.

Chronic stress has been defined as a threat irhvitiie eliciting stimulus
remains in the environment for an extended periddree...or, alternatively, that the
threat a stimulus poses to the self looms for dereled period of time (e.g. the sense of
danger that follows a sexual assault), even iktimaulus itself does not” (Miller, Chen &
Zhou, 2007, p. 28). A plethora of studies in thet ken years have provided evidence

that chronic stress negatively impacts healthpigiclg impaired wound healing (Kiecolt-



Glaser, 1995), disease onset (Leserman,1999) ardg#i-related immune dysregulation
(Kiecolt-Glaser, McGuire, Robles & Glaser, 200R).addition, stress-related diseases
are associated with increased disability (Sareeh ,2006).

Between 7 and 9 billion dollars are projected tspent on Iraq and Afghanistan
veteran health costs in the U.S. over the nexteEdsy(Goldberg, 2007). This enormous
financial and functional burden to our soldiers andiety indicates the importance of
identifying factors which may help minimize the egence and impact of veteran
illness. Trauma exposure and associated posttitaustigess symptoms adversely impact
both health and functioning (Benyamini, Ein-Dorn@urg & Solomon, 2009).
Approximately 83% of female veterans have a lifetinistory of trauma exposure
(Escalona, Achilles, Waitzkin & Yager, 2004). Acdingly, our soldiers may be at risk
for not only increased stress and stress-relataatdiers, but also a greater burden of
those disorders. Research is needed to impravemalerstanding of the mechanisms of
the stress-disease relationship and identify malolé disease and disability risk factors.
The need is particularly true for female veteragsause of their high rate of trauma
exposure.

The present study proposes the concurrent assessingosttraumatic stress
symptoms, maladaptive repetitive thought (MRT),Idhood trauma, depression,
health behaviors and both physical disease occoerand related functional
disability, with the aim of detailing the links weten these constructs more fully.
The following review of the literature provides ttieoretical context for the current
study. First, the concept of posttraumatic strasd,a maladaptive response to that stress
in the form of posttraumatic stress disorder (PT8D) posttraumatic stress symptoms,
will be considered. Second, a discussion willdadlof the relationship of stress and
posttraumatic stress symptoms to physical headibrders, including inflammatory
disease and physiological disease indicators, eatisideration of the role of childhood

trauma and female veteran’s particular vulnerapititthese relationships. Third, the role



of repetitive thought in the stress-disease ratatigp will be explored, including an
overview of the construct of repetitive thought anspecifically maladaptive form of
repetitive thought. The conceptual overlap betwd&T and both intrusive thoughts
within posttraumatic stress disorder and avoidantide reviewed. Third, the
relationship of MRT to both posttraumatic stressigioms and inflammatory diseases
are discussed. Fourth, consideration will be giwetihe contribution of health behaviors
to the association between trauma exposure, postatc stress symptoms, MRT and
both disease and functional disability. Finallpnclusions drawing from all fields are
offered and the current study is proposed.

Posttraumatic Stress Disorder, Posttraumatic S8esgptoms

and General Health

War Stress and Health

The relationship between stress and health haswielety studied within the
active-duty military environment, since threatdtih physical and psychological
integrity are constant and prolonged. As earlthadl.S. Civil War, war-related trauma
was observed to be positively associated with grote of cardiac and gastrointestinal
disorders (Pizarro, Silver & Prause, 2006). Am@udf War veterans, greater combat
exposure was correlated with an elevation in repbsbmatic symptoms such as joint
stiffness, muscle tension and fatigue (Noyes e2@D4). Moreover, combat
involvement was unrelated to hypochondriacal wasnggesting that this type of MRT
did not contribute to the relationship between catr@xposure and physical discomfort.
Although findings are correlational, such studieggest that the chronic stress of combat
may result in the physical decline observed in offesistently stressed populations.

Stressors associated with the most recent waragnaind Afghanistan may leave
veterans uniquely at risk for stress-related plafsicsorders. Hoge et al. (2004)
interviewed over 7,000 Army and Marine Corps mersli@th before and after

deployment to either Iraq or Afghanistan and regmbthat several aspects of these wars



are particularly strenuous. First, the guerillafage environment of these conflicts puts
soldiers at constant risk of violence, resultingineed for more constant vigilance than
other recent military actions. Hypervigilancefunn, may prolong their emotional and
physiological stress reactions. In these confliatsalso much more difficult to ascertain
the difference between innocent civilians and damgecombatants. Thus the ambiguity
of the situation leaves soldiers both feeling taey unable to appropriately defend
themselves, and at a heightened risk for feelimgrghand guilt when they do.
Additionally, they found that veterans are alsaic&nt to seek help for emotional stress;
over 70% of veterans who reported a mental disaditenot seek mental health care
post-deployment, often due to the fear of stignaditin. Soldiers expressed fears about
how they would be perceived by both peers and Isaafter seeking mental health
services; importantly, the soldier relies on these&orkers for not only a paycheck, but
also protection. In addition, fear of stigmatipatwas greatest among those needing
mental health services.

The stressors of the most recent conflicts haveséterans at risk for
psychopathology associated with the stress andradigait their ability to seek care for
their psychological needs. These factors leawerans at risk for prolonged stress
responses, associated psychopathology and potgpiisical health difficulties.
Consequently both the NIMH and representativesuofaomed forces have emphasized
the importance of identifying factors which maygheiinimize the emergence of veteran
iliness (Department of Veterans Affairs Office afgearch and Development, National
Institute of Mental Health & United States Army Mea&l Research and Material
Command, 2006). One such factor, a maladaptiy@res to trauma in the form of

posttraumatic stress disorder, will be considemd.n



Posttraumatic Stress Disorder and
Posttraumatic Stress Symptoms Overview

Seventeen percent of currently deployed soldieve baen diagnosed with one
type of chronic stress, posttraumatic stress desdfdTSD; Mental Health Advisory
Team [MHAT] IV, 2006). PTSD is defined by the DSM-TR (American Psychiatric
Association PSM-1V-TR, 2000) as an anxiety disorder which involvesifegd of
intense fear, helplessness or horror in reacti@antextreme traumatic stressor. The
trauma must involve either threat of death, actiealth, serious injury, or threat to the
physical integrity of the self, witnessing suctheetit to others, or learning of a similar
event involving a loved one.

A diagnosis of PTSD involves three clusters of siongs: a) re-experiencing of
the event (e.g. nightmares, intrusive thoughtsgvmidance of phenomena that stimulate
recollections of the trauma (e.g. thoughts, fedjrigghaviors or situations) or emotional
numbing (e.qg. restricted affect), and c) hyperaabagmptoms (e.g. hypervigilance,
exaggerated startle respondepM-1V-TR 2000). In addition, these symptoms must
persist for at least 1 month and be accompaniesidoyficantly impaired functioning.

In a further examination of the structure of PTSDnms, Watson & Doebbeling
(2002) performed a confirmatory factor analysi®#dSD symptoms and found four
primary factors; intrusions, avoidance, hyperarbasd dysphoria. They suggest that
while the avoidance, hyperarousal and dysphorigdsions may represent nonspecific
distress common to anxiety and mood disorderganthesion factor is specific to PTSD.
These findings help illuminate the inclusion of BI'&s a chronic, as opposed to acute,
stressor. The traumatic event, although itselftsineed, may be in effect maintained in
the patient’s environment through the recurrenusite images and thoughts prominent
in those diagnosed with PTSD.

PTSD is one of the most common mental disorderth, avlifetime prevalence

rate of 6.8% in the United States (Kessler e28I05), over 20 million people. While this



number represents only a fraction of the 50% ofptbygulation that will experience at
least one traumatic event (Kessler, Sonnega, Brdfughes, & Nelson, 1995), 30% of
those who experienced high-impact trauma were disgphwith PTSD, including both
Vietnam veterans (NCPTSD, n.d.) and sexual assatitns (Resnick, Kilpatrick,
Dansky, Saunders & Best, 199B)'SD is also a persistent disorder. Data from the
National Comorbidity Study revealed that 40% of PT&ses fail to resolve after ten
years, even in those who obtained treatment (Kesglal., 1995). In a longitudinal
study of Vietham Veterans almost 30 years afterrnetrom deployment, 10% of
veterans reported severe PTSD symptoms (Koendim&te Sommer & Stellman,
2008). Moreover, within these veterans a PTSDrharg predicted worsening
functioning 10 years later.

While the field of psychology cannot prevent ouldggrs from being exposed to
the trauma of war, the disability associated widuina may be mitigated through a better
understanding of the etiology of posttraumaticsstreymptom-related functional
decrements. Consideration will turn next to theipalar impact of PTSD and
posttraumatic stress symptom-related functionalimem the form of physical illness.

Posttraumatic Stress Disorder, Posttraumatic S8gsgptoms
and General Health

Across DSM-1V anxiety disorders, post-traumati@ss disorder (PTSD) has the
strongest relationship with chronic physical digysd(Sareen et al., 2005). Although
trauma exposure is associated with increased @sesks post-trauma health decline is
more strongly related to a maladaptive responsetona than to the traumatic
experience itself (Spitzer et al., 2009). For eglnWeisberg et al. (2002) cross-
sectionally examined 502 primary care patientsfandd that PTSD was a stronger
predictor than trauma history of medical conditiomduding arthritis and diabetes.
Similarly, in a sample of over 1500 victims of amraade disaster, van den Berg et al.

(2008) reported that reactions to the trauma sadhteusions and avoidance, not



necessarily a PTSD diagnosis, mediated the rekttiprbetween trauma exposure and
medically unexplained physical symptoms includiaigue and headache. The
relationship between either PTSD or posttraumatess symptoms and physical disorder
has been found in a number of other studies as weluding diseases such as
fiboromyalgia, anemia, arthritis, asthma, back pdiabetes, eczema, kidney disease, lung
disease and ulcers (Ciccone, Elliot, Chandler, N&&aphael, 2005; Sareen, Jacobi &
Cox et al., 2006; Weisberg et al., 2002). In &n¢eneta-analysis, among trauma
survivors both PTSD and subthreshold posttraunséitess symptoms were found to be
associated with elevated general health symptoradiaal conditions and poorer health-
related quality of life (Pacella, Hruska & Delahgari?012).

Health decrements in PTSD and posttraumatic stngeptoms have also been
reported in an exclusively female veteran poputafierayne et al., 2004). In a cross-
sectional survey of over 30,000 women enrolled whihU.S. Veteran Health
Administration, PTSD with or without comorbid depseon was associated with a greater
number of serious medical conditions (e.g. arthrithronic pain) and worse physical
functioning than those with a history of depresdsannot PTSD or neither disorder.
Moreover among female veterans one year afterrrétam combat in Iraq, a diagnosis
of PTSD was related was related to not only woeseegal health and illness symptom
severity, but also greater sick call visits andsedsworkdays, even after controlling for
physical injury (Hoge, Terhakopian, Castro, Messé&mgel, 2007).

Importantly, subthreshold posttraumatic stress $gmp, rather than a full PTSD
diagnosis, are also associated with significanttional and physical morbidity
(Benyamini, Ein-Dor, Ginzburg & Solomon, 2009; EadRuntz & Spencer-Rodgers,
2008; Marshall & Schell, 2002; Pacella, Hruska &dbanty, 2012), including
dysregulated biological stress markers (Thomas,2@L2) and inflammatory activity
(von Kénel et al., 2007). For example, subthragipoisttraumatic stress symptoms have

been associated with reduced functioning (Bredlaagia & Davis, 2004) and the



impairment associated with subthreshold posttranséiess symptoms has been
observed to be long-standing (Cukor, Wyka, Jayd&sir® Difede, 2010). Furthermore, a
PTSD-related adjustment disorder is proposed ®iD8M-V (Friedman, Resick, Bryant
& Brewin, 2011), indicating a move toward greatse wf subthreshold PTSD symptoms
both in research and clinical arenas. Recent relsedso suggests that the morbidity
associated with potentially traumatic events iepehdent of the DSM-IV PTSD A2
criteria that an event be experienced with fedplbssness or horror (Anders, Frazier &
Frankfurt, 2011). It is thus important to consitiex impact of the full spectrum of
potentially traumatic events and related posttraimséress symptoms rather than just a
PTSD diagnosis on physical disease and relatedgatyanctioning difficulties.

Thus a growing number of studies suggest that daliagnosis of PTSD and
subthreshold posttraumatic stress symptoms aredeia not only greater physical
disorders, but a high burden of those illnesses.prtysical health morbidity associated
with posttraumatic stress symptoms may be partilgusalient to recently returned Iraq
and Afghanistan veterans. Since seventeen pestentrently deployed soldiers
assessed in 2006 met criteria for PTSD (MHAT IVO@)) a significant number of future
veterans may be at risk for the chronic illnesss®eaiated with this disorder. To better
understand this relationship, attention will naxntto a review of chronic illness in the
form of inflammatory disorders and related physyatal mechanisms, as well as the
contribution of posttraumatic stress symptoms aadnba to both physical disease and
functioning decline.

Immune Mediated Inflammatory Disease and Stress

Immune Mediated Inflammatory Disease Overview
The term immune-mediated inflammatory disease (IMdBcompasses a diverse
set of disorders affecting a range of organs wittammatory dysregulation central to
their pathogenesis. These diseases have tradljidre®in labeled autoimmune disease,

and over 80 such diseases have been identifiddding rheumatoid arthritis, lupus,



Crohn’s Disease and ulcerative colitis (Nationatitate of Health [NIH], 2005).

However there is a growing recognition that theeeraore inflammatory-related diseases
than has been encompassed in the autoimmune digees®ire, thus the term IMID has
been proposed as a new, broader and potentiallg asmurate category of such diseases
(Williams & Meyers, 2002). For example, while chrofatigue syndrome often co-
exists with autoimmune diseases, only recentlyréssarch found a relationship between
levels of proinflammatory cytokines and cortisoboggulation within symptoms of
chronic fatigue (Nater et al., 2008). Other disosdghich might be considered based in
part on identification of inflammatory etiology ilncle interstitial cystitis (Lamale,
Lutgendorf, Zimmerman & Kreder, 2006), fioromyalgBuskila & Sarzi-Puttini, 2008)
and cardiovascular disease (van Bussel, Schoutmryk& Schalkwijk, 2011).

The incidence and prevalence of IMIDs is widespraad growing, with up to
eight percent, or 23 million people, living with IBs in the United States alone (NIH,
2005). IMIDs are the third leading cause of moitlgidnd mortality among
industrialized nations (Notkins, Lernmark & Lesl&§04). For example up to 80% of
rheumatoid arthritis patients are disabled by tkease (Choy & Panayi, 2001).
Moreover IMIDs are the eighth leading cause of @aidytin young and middle-aged
women in the United States (Walsh & Rau, 2000)esEhdiseases account for a
significant portion of the rising U.S. health cawests (NIH, 2005), including at least 6%
of total employer healthcare spending (Williams &Wérs, 2002). These disorders also
disproportionately affect women. Approximately gé&rcent of IMIDs occur in women,
often during childbearing years (NIH, 2005). &loe has been found for these
disorders, and treatments often involve toxicigksi (Shoenfeld & Gershwin, 2006),
underscoring the need to find avenues of preventiadressing the role of trauma and

posttraumatic stress symptoms in IMID etiology megresent one such approach.
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Posttraumatic Stress Disorder, Posttraumatic S8gsgptoms
and Immune-Mediated Inflammatory Disease

While both trauma and PTSD are associated withtgréacidence of disease,
IMIDs seem to be more specifically related to agmged maladaptive response to the
trauma in the form of PTSD (O'Toole & Catts, 200&or example, in a study by
Boscarino (2004), Vietnam veterans with chronic BMgre more likely to have IMIDs
such as rheumatoid arthritis, psoriasis, diabatdshgpothyroidism. Similarly,
researchers have reported that both civilian aterae patients with PTSD present with
greater prevalence of IMIDs such as arthritis (Werg et al., 2002), asthma and eczema
(Davidson et al., 1991; Dobie et al., 2004) andd §iabetes (Sepa & Ludvigsson,
2006). Spitzer et al. (2009) also found increassdfor cardiovascular disease in
members of the general population with a historyraxima, with the risk higher for those
with a PTSD reaction to the trauma. Strikinglyayire (2004) found that 60% of female
veterans with PTSD reported being diagnosed withriéis.

Seng, Clark, McCarthy and Ronis (2006) examinedeapiological data on
women with PTSD and found that among reproductyedavomen, chronic PTSD was
associated with an elevated risk for physical natpibeyond variance contributed by
depression or victimization itself, and with a dessponse pattern increasing with PTSD
severity. Patients with PTSD uncomplicated by dsgion were more likely to have
IMIDs such as chronic fatigu®R=3.1) and fiboromyalgia@QR=1.9). These rates were
generally higher among women with complex PTSDhwit odds ratio of 6.7 for
chronic fatigue within the PTSD group. In addititime PTSD group had significantly
more chronic physical conditions, such as beingrh&s more likely to have four such
diagnoses.Similarly, in the O’'Toole and Catts (2008) studyPd@ SD and physical
morbidity, the pattern of diseases specificallatedl to PTSD were those known to be

associated with an altered inflammatory response.
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Hence, across multiple studies, evidence is accatiglfor an increased
incidence of IMIDs within patients diagnosed with$D, and these diseases seem to be
more strongly related to a prolonged reactiondarnra than to the exposure to the trauma
itself In addition, it is crucial to address swehnerabilities early in the stress-disease
pathway, before a positive feedback system of staed disease is entrenched. The
relationship between stress and disease can bexe@mm®us cycle, with chronic
disorders such as IMIDs amplifying psychologicaéss, further increasing vulnerability
to disease progression (Stojanovich & MarisavljeyR008). The particular
vulnerability of women to the effects of stresshaalth will be considered next.

Posttraumatic Stress Disorder, PosttraumatesStsymptoms
and Disease in Women

In both civilian and veteran populationggmen have been found to have a
greater incidence of PTSD (Kessler et al., 200fluding female veterans of the recent
OIF / OEF conflicts (MHAT 1V, 2006). In addition,rBslau and Davis (1992) found that
women were four times as likely to have a chrowigrse of PTSD, defined as PTSD
symptoms sustained for at least one year. Consigfieéh other studies, those with
chronic PTSD reported a greater number of medmadlicions, including arthritis.

Female veterans are also at risk for particulaglyadtating non-combat trauma
exposure while serving in the military. SadleroBg Cook, Torner & Doebbeling
(2001) interviewed 537 female veterans who serwgthd the Vietham War, post-
Vietnam or Persian Gulf War. When asked aboubswe to non-fatal assaults during
their military service, 79% reported sexual haraasin54% reported unwanted sexual
contact, 36% experienced threatened or completgsigai assault, with 30% of all
participants acknowledging completed physical d¢tsaln addition, these assaults were
most often perpetrated by the coworkers they niytworked but also lived with. The

unique nature of military service may amplify thstaess and associated pathology of
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such assault since victim and assailant live andkwagether, the victim is not at liberty
to leave, and weapons are readily available talasss (Frayne et al., 1999).

Furthermore, barriers to reporting such assaufitexithin sexually victimized
female veterans, 75% did not file a report of th@dent, with 25% reporting that the
ranking officer was their attacker and the majositgting a belief that such a report
would make the situation worse and harm their aryitcareer (Sadler, Booth, Cook &
Doebbeling, 2003). These factors associated Wwemtilitary environment may inhibit
the normal stress recovery process and predispas&é soldiers to a maladaptive stress
response. In fact, whereas PTSD is diagnosedarogpnately 30% of civilian rape
survivors (Resnick et al., 1993), it is diagnose@0% of female military sexual trauma
victims (Yaeger et al., 2006).

Young returning female veterans may be particulaniyperable to the health
sequelae of deployment-related stress. While ammdites of PTSD have been found in
women and men deployed to Iraq (MHAT-IV, 2006), difects of PTSD on health may
be intensified in young female veterans due toightened physiologic stress response
(Becker, Monteggia, Perrot-Sinal et al., 2007) angjue environmental stress factors
such as sexual assault perpetrated by coworkeagr{€ret al., 1999; Street, Vogt &
Dutra, 2009). In a review of risk for PTSD in fdmaombat veterans, Hoge, Clark &
Castro (2007) describe the need to understand gdifterences in long-term post-
deployment PTSD coursd&hese authors found that veteran PTSD was measured
relatively soon after return from active duty. &rcivilian women tend to have a
prolonged course of PTSD (Breslau & Davis, 1992ndle veterans may be more likely
than their male counterparts to maintain debiligatiigh levels of PTSD-related
biological dysregulation with an associated inceglassk for mental and physical
morbidity.

In fact, in female veterans both trauma and a nagitake response to trauma are

associated with increased rates of physical dissrdecluding diseases with
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inflammatory mechanisms. Increased reports by kes@diers of rheumatoid arthritis,
chronic fatigue, pelvic pain and fibromyalgia ass@ciated with both assault during
military service (Frayne et al., 1999) and a PT$iulosis (Dobie et al., 2004; Frayne,
2004). Decreased physical functioning is also @ased with history of sexual trauma
and current PTSD in female veterans (Booth e@ll2). Furthermore, compromised
health status is still robustly related to femad¢evan assault after controlling for age and
pre- and post-military violence exposure (SadlemtB, & Doebbeling, 2005). These
studies reflect the fact that inflammatory-relatikskases disproportionately affect
women; approximately 75% of inflammatory diseasasuoin women, often during
childbearing years (NIH, 2005). Moreover, theltgical dysregulation found in both
PTSD and inflammatory disorders may affect not ahg/female veteran but future
generations, since such stress-related physiologjgaiption changes the interuterine
environment, producing long-lasting health conseqas for the unborn child (Yehuda,
Blair, Labinsky, & Bierer, 2007).

The number of women in the military is increasirithe U. S. Department of
Veteran Affairs (DVA; 2007) reported that the 186tyears have evidenced an almost
four-fold increase in the percent of active dutyitasly women, from 2.5 percent in 1975
to nearly 14 percent in 2005, representing an exhdit 150,000 females in the military.
The rise in female veterans represents relateeéases in VA healthcare usage by
women. Since PTSD is the top diagnostic categaryeimale veterans treated by the VA
(DVA, 2007) and both IMIDs and the biological dyguéation associated with them are
greater in women, a more accurate understandingaded of the relationship between
PTSD and female veteran health outcomes. IMIDpamicular, have been associated
with PTSD (O’'Toole & Catts, 2008; for a review d&ascarino, 2004), with stress being
implicated in the disease pathogenesis (Calcadgliefakov, 2006; Cutolo & Straub,

2006). In order to better understand the waydtrass can influence disease initiation
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and progression, physiological mechanisms of ttesstresponse will next be
considered.
Biological Mechanisms of the Stress Response

Recent research has begun to elucidate the bialogiechanisms by which
traumatic stress can “get inside the body” to imseesusceptibility to chronic disease
(see reviews by Ironson, Cruess & Kumar, 2007; Loy@005; Stam, 2007). Moreover,
posttraumatic stress symptoms and PTSD are inagigsmplicated in these pathways,
as discussed in several recent reviews (Stam, 20@%sa & Rohleder, 2007). During a
stressful event, sensory intake of the situatiacompanied by cognitive and emotional
processing, investing the information with meanihgterpretations of the situation as
threatening trigger the sympathetic nervous systeralease catecholamines such as
norepinepherine and epinephrine, activating theviddal's fight or flight defense. In
addition, immune cells have catecholamine recepédiaving activation of immune
defenses in response to signals of perceived pdydanger. One component of this
immune response is the cytokine family, protein seagers which promote the cellular
inflammatory response. Examples of pro-inflammatytokines are IL-1, IL-6 and
TNF-a.

Parallel to increased catecholamine and pro-inflatony cytokine production,
the body initiates a protective dampening of thiggiological response, since prolonged
defensive activation is in itself harmful (McEwer§98). The hormone cortisol is
released by the hypothalamus-pituitary-adrenaksysh response to perceived threat.
Similar to catecholamines, cortisol helps prephesttody for defensive action. In
addition, however, high levels of cortisol triggenegative feedback loop, tempering the
production of both catecholamines and pro-inflananatytokines. Thus cortisol-related
systems, when functioning properly, help bringltley back to biological homeostasis
(Lovallo, 2005). The change in this sequence undeditions of chronic stress will be

considered next.
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Biological Mechanisms of Posttraumatic Stress [Risor
and Immune-Mediated Inflammatory Disease

The cycle described above, of proinflammatory upl&tipn followed by
compensatory cortisol-driven down-regulation, istaate in the face of acute stressors.
However the clinical significance of acute stressmr inflammatory diseases may be
minimal, in part because the stressors, or thegpéians of the stressors, do not persist
long enough to influence disease vulnerability €sgom & Miller, 2004). In contrast,
in the face of chronic stressors, such as PTSDhaldg is in a constant state of high alert.
Maintenance of the cortisol/proinflammatory cytakimomeostasis during prolonged
stressors can eventually impair health, includiagédge from persisting high levels of
cortisol (McEwen, 1998).

Consequently during long-term stressors, the bodyetimes adjusts to
chronically high cortisol levels by decreasing smit production or cortisol receptor
sensitivity on other cells, blocking the effectscoftisol regardless of actual cortisol
level. For example, Miller, Chen and Zhou (200@)ducted a meta-analysis of chronic
stress and HPA activity. They found that, as etgge@cute laboratory stressors resulted
in cortisol increases. In contrast, within indivals exposed to a traumatic stressor, only
those diagnosed with PTSD evidenced blunted ledfatsrtisol. Thus once again the
prolonged negative response to trauma rather thama itself was associated with
physical disruption in the form of cortisol downudgtion.

Not all studies have reported low cortisol levetsoag individuals with PTSD
(reviewed in Ironson et al, 2007). However, iresiew of neuroendocrine function in
stress disorders, Raison and Miller (2003) fourad BATSD patients reliably
demonstrated either hypercortisolism or reduceldilegresponsivened® cortisol,
indicating that regardless of cortisol levels, gloarticoid signaling was reliably reduced.
With chronically elevated stress, the body may tmgeting itself from the damage

produced by protracted high levels of cortisol @ithy reducing overall cortisol levels
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(Miller et al., 2007) or by reducing cellular resisoveness to cortisol regardless of level
(Butts & Sternberg, 2008; Tait, Butts & Sternbezg08).

Reduced cortisol signaling, however, means thdtsabidoes not regulate the
stress-induced immune upregulation, resulting nowically elevated levels of
inflammation. For instance, Raison and Miller (3DGund that chronic stress was
related to not only insufficient glucocorticoidgsaling, but also elevations in
inflammatory activity. Similarly, de Kloet et §2007) examined trauma survivors both
with and without PTSD. They report that while glaodicoid receptor activity was
reduced in both groups, immune regulation was redlirc PTSD survivors only.

Without cortisol-driven regulation, the overactimemune system begins to attack its
own tissues.

For example, IMIDs such as rheumatoid arthritiapétes and lupus are
associated with both abnormal cortisol levels gnaling and elevated levels of the
proinflammatory cytokines IL-6, IL-1 and TN&as well as inflammatory markers such
as leukocytes (Calcagni & Elenkov, 2006; Ford, 2@¥hchez et al., 2008; Tarrant &
Patel, 2006). Likewise, Boscarino (2008) found treteran PTSD diagnosis predicted
elevations in inflammatory markers such as highgtheocyte sedimentation rate and a
trend toward higher white blood cell count. Salale(2008) note that within individuals
diagnosed with PTSD, studies have found both btuatel dysregulated cortisol, higher
catecholamine levels, and increased circulatingmphocytes, all potential precursors to
inflammatory-related diseases. PTSD-related egiechanges to immune regulation
have also been reported (Uddin et al., 2011).dtiteon, relationships have been found
between specific aspects of the PTSD responseMiittrelated pathology. A positive
relationship has been noted between PTSD-relatagsine re-experiencing and IL6
receptors, which both function as IL-6 agonists hade proinflammatory actions of their
own (Miller et al., 2001). Thus both PTSD diagmscasnd symptoms are related to both a

high rate of IMIDs and the biological dysregulatiomplicated in these inflammatory
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disorders.  Furthermore, PTSD-related biologieaponses may be particularly
frequent in women, and may help account for thatgrenumber of IMIDs found in
women (Butts & Sternberg, 2008; Meewisse, Reitsvinigs, Gersons & Olff, 2007).
Attention will next turn to the role of childhoochima in IMID development, especially
among female veterans.

Childhood Trauma, Disease and Biological Mechanisms

Childhood trauma exposure is another factor whsdmportant to consider in the
relationship between stress and health in veter@mildhood trauma and a generally
greater length of time since trauma exposure dateckto both IMID incidence and
greater disease-related physiological dysregulatieor example, in the Adverse
Childhood Experiences Study survey of more thafd®adults, childhood trauma
exposure was related to increased incidence ohahtisease, including diabetes and
cardiac disease (Felitti et al., 1998). Similaligistory of childhood adversity was found
to be related to chronic physical disease indepanufehe effects of psychopathology
(Scott et al., 2011). Recently greater depressi@hinflammatory dysregulation have
been reported for females with a history of chilodhdrauma, potential precursors for
medical difficulties (Miller & Cole, 2012).

Moreover a history of childhood trauma may resulirauma-related
physiological disruption by adulthood. In factydies have found a positive relationship
between length of time since trauma and diseas¢erebiological dysregulation. For
example, von Kanel et al. (2007) reported a pasitiorrelation between PTSD re-
experiencing symptoms and the proinflammatory ayg@K NF-o. However this
relationship was moderated by the length of timeesithe trauma, with an increased
length of time since trauma related to higher leve#l TNF«. This study suggests that
when trauma occurs early in life greater wear &ad on the body’s systems may occur,
such as dysregulated cortisol and elevated inflaimmpanarkers such as TNd&- Thus

when a PTSD response to trauma is not resolvedsaciated prolonged biological
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dysregulation may result in development of inflanbongrelated disorders. The effect of
childhood trauma exposure on disease is espeaigfigrtant to consider in female
veterans as a history of childhood trauma expasurequent in that population (Rosen
& Martin, 1996).
Summary of Posttraumatic Stress Disorder, PosttaéiarBtress Symptoms and
Immune-Mediated Inflammatory Disease Associations
Thus research has revealed that the elevated atalrsed physiologic arousal
associated with PTSD can increase physical moghid#T SD and early trauma exposure
are related to both an increased risk of IMIDs #redphysiological dysregulation
associated with immune-related disorders. Morethwese relationships have been
observed particularly in war veterans, women andviduals with a history of childhood
trauma. However the psychological mechanismsisfrélationship are still poorly
understood and require further investigation (Saeteal., 2006). It has been proposed
that psychological stressors or the perceptionretsors do not, on their own, confer
physiologic dysregulation great enough to resuttisease. Brosschot, Pieper & Thayer
(2005) suggest that a protracted cognitive reptasien of these stressors is necessary to
prolong the physiological effects of the stressdkssimilar viewpoint was expressed in a
2006 joint meeting between the VA, NIMH and US Argonvened to examine the
physical and mental health needs of veterans pEtdment (Department of Veterans
Affairs Office of Research and Development, Natldnatitute of Mental Health &
United States Army Medical Research and Materiah@and, 2006). They
recommended the identification of the cognitive haedsms involved in the
pathogenesis of PTSD and physical morbidity. dpeort also underscored the clinical
significance of such pathways as they would infeangets for prevention and medical
management of PTSD. As such, one potential cogmmechanism by which stress can

adversely impact health will be considered.
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Maladaptive Repetitive Thought

One psychological process increasingly associatddpsolonged and elevated
physiological arousal as well as poor psychologstiadss recovery is maladaptive
repetitive thought (MRT) such as rumination, waand anticipatory stress (see Watkins,
2008 for a review). In their review of persevaratcognition and health, Brosschot,
Gerin and Thayer (2006) describe that while thgnttove coping style is associated with
both physiological arousal and immunological dystation, the role of perseverative
cognition in the etiology of somatic disease igédy unexamined. Moreover, MRT in
the form of rumination is predictive of both incidee and course of PTSD (Ehring, Frank
& Ehlers, 2008; Michael, Halligan, Clark & Ehle)07; Nolen-Hoeksema & Morrow,
1991). Thus there is support for consideratiorepgtitive thought patterns such as
rumination as a partial mechanism of the PTSD afi®Irelationship. The following
review of MRT will examine first a general non-viated repetitive thought construct.
Next, aspects of specifically harmful repetitivetight will be considered, including a
review of avoidance and negative affect as possil@ehanisms of the relationship
between MRT and psychopathology.

Repetitive Thought Overview

Repetitive thought has been described as “thegsroaf thinking attentively,
repetitively or frequently about oneself and onetsld” (Segerstrom, Stanton, Alden &
Shortridge, 2003, p. 909). Models of repetitireught have been extensively studied
within the field of psychology, as summarized inuamber of recent reviews (Clark,
2005; Nolen-Hoeksema, Wisco & Lyubormirsky, 2008g&rstrom et al., 2003; Stroebe
et al., 2007; Watkins, 2008). Many separate come@dgations of repetitive thought have
emerged in diverse research domains, such as rtiampaorry, perseverative cognition,
cognitive and emotional processing, counterfadhiaking, reflection and habitual
negative self-thinking. repetitive thought modarlap in theoretical

conceptualization, sharing a focus on cognitioia¢ #ine either prolonged or recurrent and
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with content involving a focus on the self, one’saions, or life events, either past or
future (Segerstrom et al., 2003).

Repetitive thought is reported as a common psydhicdd phenomenon in both
clinical and nonclinical populations. For exam@egerstrom et al. (2003) examined
repetitive thought in healthy individuals and refpdrthat on average healthy participants
report experiencing moderately frequent and pratangpetitive thought. In addition,
independent raters judged the valence of the tharagitent as either positive or
negative, and a balance of both positive and neg#tioughts were found in this healthy
sample. Brewin, Christodoulides and Hutchinsor®@)@lso found that healthy
individuals report a high frequency of repetitiv@tight, specifically intrusive thoughts,
over the course of two weeks, providing furthedevice of repetitive thought in non-
clinical samples. Similarly, worry has been fouade a common experience in
psychologically healthy individuals (Borkovec, R&ystober, 1998).

Although repetitive thought is reported by healfayticipants, it has been found
to be greater in those with clinical disorderseviated levels of repetitive thought are
found in almost all Axis | disorders, including banxiety and depressive disorders (for
reviews, see Ehring & Watkins, 2008; Nolen-Hoeksep@®8). There is thus evidence
of a relationship between repetitive thought angtbepathology; however the fact that it
is a commonly experienced phenomena suggestd ikatlated to psychopathology in
only a portion of those who experience it. Repatithought also seems to be reflective
of the self-absorption paradox proposed by Traparedl Campbell (1999), in which
private self-consciousness is associated with faatfors of psychological growth such as
increased self knowledgmdincreased psychological distress and psychopaikiol&or
example, repetitive thought about traumatic expees has been suggested as necessary
to come to terms with the event (Pennebaker, 188d)s associated with finding

meaning in the experience (Ullrich & Lutgendorf02). Conversely, post-trauma
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repetitive thought has been found to predict futlgpression and overall poor recovery
(Nolen-Hoeksema & Morrow, 1991).

The seemingly opposing effects of repetitive thdwaghhealth appear to be due to the
existence of both adaptive and maladaptive formepétitive thought. Researchers and
theorists in a number of domains have identifieddees distinguishing adaptive versus
maladaptive repetitive thought. These conceptaadins of repetitive thought include
(1) Segerstrom and colleagues who have found tefgethought to vary on two
dimensions, valence and purpose (Segerstrom, RB&ahs, Schipper & Darville, 2010;
Segerstrom, Stanton, Alden & Shortridge, 2003)eyTteport that while adaptive
repetitive thought is associated with positivelyeveed content with a solving, planning
and/or certain purpose, MRT contains negativelyervaed content with a purpose that is
searching, questioning and/or uncertain; (2) ToeyGonzales and Nolen-Hoeksema
(2003), in their examination of rumination, posioam of adaptive repetitive thought
they call reflective pondering, which representsvaauminative repetitive thought
aimed at understanding and solving problems, vaévR$ in the form of brooding
rumination, passively thinking about problems dmgirtrelated consequences; (3)
Coarocco, Vohs & Baumeister (2010) describe adap#ypetitive thought as active, with
content which is goal-oriented, task-relevant asai$ed on error-correction, and MRT
which contains thoughts that are brooding aboutigafons of mistakes; (4) Watkins
and Teasdale (Teasdale, 1999; Watkins & Teasda@zl)zhote that among conscious
cognitions about distressing events, adaptive rpethought is non-evaluative and
involves directly experiencing distress, while MRBTconceptual-evaluative, with
thoughts that are vague and abstract about thesamsl consequences of distressing
events. Thus across conceptualizations, adappegitive thought and MRT differ by
function and context, with adaptive repetitive thburepresenting active, goal-oriented
problem solving cognitions while MRT involves pasdy thinking about the

implications of problems and more often containgatiwely-valenced content.
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Clinical Differences Between Adaptive and Maladegti
Repetitive Thought

Empirical studies of repetitive thought providedance of the differing effects of
adaptive versus maladaptive repetitive thoughtytipological health. For instance,
rumination has been found to contain repetitivaigi about both negative and positive
content (Martin & Tesser, 1996). Treynor, Gonzaddolen-Hoeksema (2003)
explored the possibility of such different aspeaxftsumination within the Ruminative
Response Scale (RRS) of the Response Styles Quesitieo (RSQ; Nolen-Hoeksema &
Morrow, 1991). After removing Ruminative Respo&ale items confounded with
depression content, factor analysis revealed twars¢e aspects of ruminative self-focus.
One was labeled brooding and involves focusinghemiegative consequences of life
events (e.g. “Think ‘Why do | have problems thdtestpeople don’t have?”). The
second factor, called reflective pondering, invelweutrally-valenced attempts to
understand the reasons for current problems (&g.dway by yourself and think about
why you feel this way”). They examined the relasbip of each rumination subscale on
depression in a secondary analysis of data cotldnteNolen-Hoeksema et al. (1999).
Results indicated that the reflection subscale nelded to more depression concurrently
but less depression longitudinally. They hypothedithat self-reflection may arouse
negative affect in the short-term but may be adapti the long term, potentially
reducing negative affect through effective probleoh/ing. In contrast the brooding
rumination subscale was both concurrently and pegitiely related to elevations in
depression, even after controlling for baselinereegion.

Intriguing support for the relationship betweenatege, brooding self-thought
and psychopathology was reported in a depresstervention study. Gortner, Rude and
Pennebaker (2006) found that an expressive writitggvention led to decreases in both
depressive symptoms and RRS brooding subscalesscAralyses revealed that

brooding, but not reflective rumination mediated #ifect of the writing intervention on
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the benefits of treatment. Moreover, in a diffén@petitive thought domain, a meta-
analysis of studies of self-focus negatively-vakmhself-focus was related to elevated
negative affect, while positively valenced selfd#eavas associated with less negative
affect (Mor & Winquist, 2002).

These studies demonstrate a positive relationgtipden MRT and
psychological morbidity across diverse repetitiveught definitions. In fact MRT has
been proposed to be a transdiagnostic process imémtenance of emotional problems,
such as generalized anxiety disorder, PTSD ancdedsion (Ehring & Watkins, 2008),
and interventions aimed at MRT reductions are psedas treatment strategies for both
anxiety and mood disorders. Ciesla and Roberts7/2&amined the relationship of
rumination and depression in undergraduate studdritey found that rumination was
associated with depression only following a sigraifit number of stressful life events.
Thus while people may have stable tendencies iat@unt of repetitive thought they
experience, the consequences of repetitive thauglgtbe more dire following an
increase in life stressors.

Maladaptive Repetitive Thought and Avoidance

A recent development in the repetitive thoughtlfis to dismantle the construct
of repetitive thought to specify the maladaptivpexss of prolonged cognition. The
relationship of repetitive thought to avoidance basn proposed as one such mechanism
of poor adjustment. Borkovec et al.’s (1998) awoick theory of worry posits that the
verbal nature of worry is used to avoid distressmaggery, thus limiting physiological
arousal to aversive stimuli. Accordingly, recentds¢s have found that although MRT
focuses on negative content, it is paradoxicalgdu® avoid other painful emotions and
sensations. For example, a study by Laguna €@04) found that high trait worriers
avoided distressing images despite specific instms to attend to the images.

Similarly, among rape survivors diagnosed with cicd®TSD, intrusive symptoms were
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related to avoidance but not numbing, suggestiaguie of effortful avoidance to cope
with reminders of the trauma (Feuer, Nishith & R&sR005).

Avoidance has been found to have a paradoxicatiedin internal states,
however, as described by Walser and Hayes (20Q@&ixrént research suggests that
attempting to avoid or suppress unwanted negatiweghts, emotions and memories as a
means to create psychological health may actualyribute to a magnification of the
negative emotional responses and thoughts, antbtayar period of experiencing those
events” (p. 150). Empirical evidence of this ph@eoon was described in the classic
white bear experiments conducted by Wegner, Scengtarter and White (1987). They
found that participants who were instructed ndhtok of a white bear reported
significantly more thoughts about the bear thatigpants who were told to think about
the bear.

A study by Trinder and Salkovskis (1994) found that only do participants in a
thought suppression condition experience moreegdtthoughts; they also experience
more distress with the thoughts. Similarly, exoasattempts to control emotional
experiences have been found to increase the venti@m the individual is attempting to
regulate (Craske, Miller, Rotunda & Barlow, 199@)nally, in a prospective study 78
adolescents reported levels of MRT in the formumhination and worry, behavioral and
cognitive avoidance, and sad and anxious affect fdays (Dickson, Ciesla & Reilly,
2012). Cognitive but not behavioral avoidance veamél to predict increased rumination
and worry, and rumination was found to mediateréiationship between cognitive
avoidance and both sadness and anxiety.

Thus studies suggest that MRT is associated witbtiermal and behavioral
avoidance of distressing internal phenomena. Hewswch avoidance has been found to
instead increase both the intensity and duratigmsg€hological distress. In addition,
avoidance of such private events has been noted 8D patients, preventing healthy

forms of exposure and strengthening problematisaeses such as avoidance of
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intimacy (Walser & Hayes, 2006). Thus MRT can eersas a feed-forward mechanism
of emotional distress, both sustaining and ampldythe effects of suffering on both the
psychological and biological systems of the indinatd This review will next consider
the role of negative affect in the process by wiNGRT impacts physical health.
Maladaptive Repetitive Thought and Negative Affect

The possibility of a third variable, negative atfanediating the effect of MRT
on poor adjustment must be considered, howeveth Bmnination and worry have
demonstrated a strong relationship with negatifecttity, or the predisposition to
experience negative mood states (Thomsen, 20060N&t Clark, 1984). Thus the
relationship between MRT and both psychological pimgsical health may be spurious,
due to shared variance with negative affect insedadechanisms unique to MRT.

However a number of studies have demonstratedfect ef MRT on
psychopathology independent of indices of negatfiect. A structural equation
modeling examination of the contributions of runtioa and negative affect to health
anxiety found that rumination and health anxietyenadirectly related through the
pathway of negative affect operationalized as dsgpo@ (Marcus, Hughes and Arnau,
2008). However the model also suggested a diabt petween rumination and health
anxiety independent of depression. Thus ruminatias found to contribute independent
variance to health anxiety, above variability cianited by negative affect. Moreover, in
student nurses undergoing examination, trait rutiananas been found to predict
cortisol dysregulation more strongly than neursticj implying that MRT contributes to
physiologic dysregulation independent of negativech (Roger & Najarian, 1998).

Experimental evidence of the relationship betwesgative affect and rumination
was explored in an examination of the relative gbations of rumination and negative
affect to induced distress (Feldner, Leen-Feldfeolensky & Lejuez, 2006). Ninety
healthy individuals completed a cognitive challetes, the paced serial auditory

addition task (PASAT), known to elicit elevatiomsstate frustration and irritation, as
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well as measures of rumination through the Resp8ihde Questionnaire (Nolen-
Hoeksema et al., 1991) and trait negative affedhbyMultidimensional Personality
Questionnaire — negative affectivity superfactoP@MNA,; Tellegen et al., 1988). They
found that while negative affect moderated theatftd rumination on the valence of the
emotional response, rumination was related toetiel lof emotional arousal independent
of negative affect.

An experience sampling study by Moberly and Watk#@08) provided further
clarification of the relationship between MRT arebative affect on state mood. Ninety-
three adults completed measures of depressionuamdation at baseline. Participants
then completed measures of depression and rummn@times daily for 1 week in
response to randomly timed beeps on an electroaichw Analyses revealed that
controlling for baseline depression, ruminationdicted depression at subsequent
recording, indicating an independent effect of nuation on state negative affect.
However depression also independently predictednation controlling for baseline
rumination. The results of these studies inditdaé¢ MRT has independent predictive
power in emotional adjustment, and this relatiopstinot simply an artifact of
associations with negative affect. However thatrehship between MRT and negative
affect is complex. For example elevations in negadffect make high ruminators more
at risk for psychopathology (Feldner et al, 20@®)J conversely associations between
negative affect intensity and PTSD were only foumthe presence of MRT in the form
of negative evaluation of emotional responses (Dalkupcak, McFadden & Roemer,
2007). These studies also suggest that while MRitdependently related to morbidity,
MRT and negative affect are reciprocally relatetheir impact on psychopathology.

Maladaptive Repetitive Thought Summary

Thus strong evidence has emerged for a role of MRfie etiology of PTSD-

related biological dysregulation and inflammatorgedse. Repetitive thought has been

found to be common phenomena in both clinical asthnical populations (Segerstrom
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et al., 2003). However evidence suggests that ppathology is primarily associated
with repetitive thought which has negatively valeticontent, frequent or prolonged
duration, and reduced feelings of control (Wiscay&bormirsky, 2008). In addition,
worry and rumination are suggested as methodseratipnalizing MRT. They have
been found to have similar long-term, detrimentats on both psychological and
physical adjustment, and these effects were foarmttdue to a shared latent factor of
MRT (Segerstrom et al., 2000). However therdde aome evidence that rumination
may be more potent in its effects on psychopathglegpecially anxiety (Hughes et al.,
2008).

Possible mechanisms of MRT considered above ieciwdidance and its
association with negative affect. Avoidance oérintl sensations has been found to
paradoxically increase magnify and prolong the sarates (Wegner et al., 1987). MRT
is associated with avoidance of distressing inigptee states, and may not only prevent
therapeutic exposure within PTSD patients but elscease their distress (Walser &
Hayes, 2006). In contrast, the relationship betA&T and negative affect is more
complex. Evidence suggests a reciprocal relatipnsttween these constructs. Events
that elicit negative affect are found to put thbigh in MRT at greater risk for
psychopathology, thus MRT may be especially dangeadter distressing events.
However PTSD risk in those high in trait negatifeet was only found with comorbid
trait MRT; negative affect on its own did not canfisk. In addition, analyses suggest
that MRT contributes to variance in psychopathologiependent of a trait negative
affect. Thus since MRT is implicated in developtneinpsychopathology and its effects
are independent of but reciprocally related to tiegaffect, its specific relationship with

PTSD and PTSD-related disease will now be considere
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Maladaptive Repetitive Thought and PosttraumatiesStDisorder

Maladaptive Repetitive Thought and
Posttraumatic Stress Disorder Etiology
As discussed previously, efforts to avoid traumateel thoughts and material are a

core diagnostic feature of PTSD. Experiential daace is also a key feature of many of
the problematic coping patterns that develop ipoase to exposure to a traumatic event,
such as self-harm, substance use and both cogaitiyéehavioral avoidance of trauma-
related stimuli (Polusny & Follette, 1995). Innuthese maladaptive coping patterns
serve to minimize the experience of painful traulated affect and cognitions. The
white bear studies of Wegner et al. (1987) confdrtieat avoidance of emotional distress
intensifies this distress over time. Batten, Qysahd Walser (2005) suggest that this

phenomenon is true within PTSD as well.

Although such [avoidant] regulatory processes nmandygatively reinforced in
the short term because they result in reduced inateedistress, they are likely to
cause increased symptoms and behavioral problesrdiowe. Thus, experiential
avoidance can be seen as a contributory factdreiniévelopment and
maintenance of PTSD (p. 247).

Empirical support for this theory was provided istady of male veterans seeking
PTSD treatment (Plumb, Orsillo & Luterek, 2004 artitipants completed self-report
measures tapping the constructs of experientiatlance through the Acceptance and
Action Questionnaire (AAQ; Hayes et al, 2004), dsgof combat experienced with the
Combat Exposures Scale (CES; Lund, Foy, Sipprel&tr&chnan, 1984), and depression
with the Beck Depression Inventory (BDI; Beck, Waktkendelsohn, Mock & Erbaugh,
1961). Results indicated that experiential avoigamas positively associated with
PTSD severity, and accounted for 13% of the unigu&ance in PTSD symptoms after
controlling for combat exposure.

Thus there is evidence that avoidance of interoeeptistress is related to a
maladaptive reaction to traumatic stress. Sinckiphailines of research have

demonstrated the association between MRT and avodéddt follows that individuals
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high in trait MRT, and thus avoidance, would be enadversely impacted by traumatic
events. A recent prospective study of road trafticident survivors by Ehring et al.
(2008) supports this hypothesis. The authors teépat controlling for baseline PTSD
and depression, both rumination and ruminationueegy predicted both PTSD and
depression 6 months post-accident. Holeva, TaandrWells (2001) similarly
demonstrated that worry immediately following traupredicted the presence of PTSD
three months post-trauma.

Murray and colleagues speculate on the mechanigmaich rumination may
maintain PTSD (Murray, Ehlers & Mayou, 2002). Eithey propose that MRT may
prevent trauma survivors from accepting the traasian event from the past, and
instead cognitively maintain it as an ongoing ev&eacond, MRT may also interfere with
the formation of complete trauma memories by faogigin the “what if” questions of the
trauma, rather than memories of the experienceaadually happened. Third, through
these mechanisms MRT may actually cue intrusive one® of the event. Thus there is
evidence that premorbid MRT is a factor which cosfeaulnerability to a maladaptive
response to trauma. In addition, researchers pasied that MRT may increase
likelihood of the intrusive memories central to BSD reaction to trauma. The
similarities and difference between MRT and intonsi will next be considered in more
detail.

Maladaptive Repetitive Thought and Intrusions
in Posttraumatic Stress Disorder
The validity of MRT as an etiological mechanismPdiSD may be questioned in
light of its potential overlap with the PTSD diagtio criteria of intrusive re-
experiencing, another form of repetitive cognitinirauma survivors. Similar to MRT,
trauma-related intrusions positively correlate with severity of trauma exposure, and in
a factor analysis of PTSD diagnostic criteria was to be the only factor unique to

PTSD (Simms, Watson & Doebbeling, 2002). In additintrusions have been found to
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mediate the relationship between trauma and maadgnt, including unexplained
physical symptoms (van den Berg et al., 2008).

However important conceptual differences have lseggested to exist between
MRT and intrusive thoughts (reviewed in WatkinsQ2Q As described by Clark and
Rhyno (2005),

Rumination represents a much longer train of thotiudt is recurrent, repetitive,
cyclical, highly ego-systonic, past-oriented, amgcted. Unwanted intrusions,
on the other hand, are brief, sudden, and somewtgdpected thoughts or
images, of relatively short duration, often egotdyggc, and undirected by the
individual (pp. 16-17).

Similar distinctions have been proposed between MRI PTSD-related
intrusive reexperiencing, including within the dansof content, type of cognition and
duration (Ehring et al., 2008). Support for sublempomenological differences was found
in a study involving 31 trauma survivors referred PTSD treatment (Speckens, Ehlers,
Hackmann, Ruths & Clark, 2007). Characteristicthefpatient’'s most salient
ruminations and intrusions were explored throughisstructured interview. Similar to
the description by Clark and Rhyno (2005), rumioragi were of significantly longer
duration and though-based, while intrusions wegaiicantly more sensory-oriented. In
addition, feelings of shame were significantly tethto ruminations, but not intrusions.

Empirical investigations of MRT and intrusionsRit SD have demonstrated
MRT as an independent risk factor for maladaptesponses to trauma. In a 6-month
prospective study of assault survivors, MichaeleE) Halligan & Clark (2005) found
that both baseline intrusions and rumination sigaiftly predicted 6 month PTSD
severity. In addition, in regression analysespoeses to the intrusions, including
rumination, distress and suppression, predictedP3&verity after controlling for
baseline intrusion frequency. Thus this study gles evidence of not only the role of

both intrusions and rumination in PTSD, but alsthefindependent role of MRT in

PTSD maintenance.
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These studies provide support for an earlier oladenv that it is distress caused
by particularly obsession intrusions, not theirwcence per se, which distinguishes
clinical from nonclinical populations (Rachman & 8#va, 1978). While posttraumatic
intrusions are common, not all survivors find suthusions distressing (Shalev,
Schreiber & Galai, 1993) and thus poor post-traanjastment may be caused by
maladaptive responses to the intrusions, suchras\grative thinking and distress, not
the intrusions themselves. For example, the effenttrusions on depression was found
to be fully mediated by cognitive coping style,luding rumination (Kraaij et al. 2006),
and rumination, but not intrusions, was found teigmificantly related to post-trauma
emotional reactions such as shame (Speckens 20@I). Moreover, trauma survivors
with PTSD are more likely than those without toaeghat ruminations about PTSD
serve to trigger intrusive memories (Michael, Hgh, Clark & Ehlers, 2007).

Similarly, Watkins (2004) had 69 healthy particitmandergo an induced failure
IQ test stressor, then write 2 essays about thet @xer the course of 24 hours.
Participants were randomly assigned to write tssays with a focus that was either
ruminative and conceptual-evaluative (e.g. “Why yhd feel this way?”) or a control
condition of writing directly about their feelingdout the event (e.g. “How did you feel
moment-by-moment?”). The Impact of Events ScdkS)lwas completed after essay 2
to measure post-writing intrusions and avoidariResults indicated that participants in
the conceptual-evaluative writing condition repdrsggnificantly more intrusions,
avoidance and a higher overall IES score thangygaints in the control condition. This
study provides evidence that MRT may play a cargdalin the relationship between
trauma-related intrusions and psychological motpidiThus although both intrusive
memories and MRT are perseverative cognitionsetlgesupport for considering MRT

as an independent predictor of the morbidity asgediwith traumatic exposure.
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Maladaptive Repetitive Thought and Immune-Mediated

Inflammatory Diseases

As Sapolsky (2004) suggests, physiologic arousalhsalthy and necessary alarm
reaction to short-term stressors. However hewtns that when negative thought
prolongs the psychological and thus physical reastto stress, the protracted biological
arousal can result in physical disease. Brossethait (2006) elaborate this concept in
their perseverative cognition hypothesis of stre$ated disease. If follows, then, that
since MRT is associated with increases in bothritensity and duration of PTSD, MRT
may also be associated with the increased IMIDderete found in PTSD patients
(Boscarino, 2004), as well as the biological mearan associated with those disorders.
However Brosschot et al. (2004) note that MRT heendargely neglected in the
literature on stress, coping and disease, witlthj@rity of studies focusing on cardiac-
related illness. For example, rumination has deand to contribute to hypertension by
prolonging stress-related cardiovascular activafioey, Campbell, Bacon & Gerin,
2008).

Maladaptive Repetitive Thought and
Immune-Mediated Inflammatory Disease Incidence

Some evidence does also exist for a role of MRthéendevelopment of physical
disorders and health perceptions, including IMIDSor example, the prevalence of
rumination was examined in a cross-sectional stigdults diagnosed with lupus,
depressed but otherwise healthy adults, and heafttlgrgraduates (Siegle, Moore &
Thase, 2004). Rumination was found to be signfigamore prevalent in the adults with
lupus than the healthy controls, although the dsym@ participants reported the greatest
rumination elevations. In addition, while the aaléRuminative Style Questionnaire was
more strongly related to depression than the atimamation measures, the brooding
subscale was not uniquely associated with depresymptomatology, providing

divergent validity of its use to measure ruminatimeontaminated by negative affect.
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Since psychological stress is both strongly assediaith lupus and hypothesized to
intensify lupus symptoms (Elenkov & Chrousos, 20@4¥ possible that rumination is
also involved in the pathogenesis of lupus. Sieglka. provide a cautionary note in
interpreting their results since both rumination @epression were elevated in the lupus
participants. However, as discussed above, MRTbaas found to account for unique
variance in stress-related morbidity controlling depression, thus their study does not
rule out a unique role for MRT in lupus etiologypmyogression. Rather, it indicates the
importance of controlling for depression when exang MRT and disease outcomes.

Prospective studies have also indicated a reldtiprizetween MRT and IMID
pathology. The relationship between worry and nhatoid arthritis functional status was
assessed in 91 rheumatoid arthritis patients Wuaihtly after diagnosis and at a one-year
follow-up visit (Evers, Kraaimaat, Geenen & Bijlspi®98). Regression analyses
revealed that baseline worry predicted objectivasuees of functional status (mobility
and grip strength) one year later after controlfimgbaseline reports of demographic
variables, laboratory measures of disease actwityreported levels of pain. Hence this
study suggests a causal role for MRT in functiatalus declines associated with one
IMID, rheumatoid arthritis.

An examination of psoriasis patients provides evageof an etiological role of MRT
in biological manifestations of IMID disease progg®n (Fortune et al., 2003). Among
patient being treated for psoriasis, an elevatedyacore at pre-treatment was found to
be the only significant predictor of the treatmegited time to clearance of disease
symptoms. Patients with high levels of worry wér@ times slower to clear psoriasis
than those with low levels of worry. As elevatalammation is implicated in the
etiology of psoriasis (Spah, 2008), this study ssiga causal role of MRT in IMID

progression.
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Maladaptive Repetitive Thought and Biological Iratmrs
of Immune-Mediated Inflammatory Disorder Pathology

While MRT has been found to predict both the biataband functional course of
IMIDs, the putative biological mechanisms of treationship are less clear. Similar to
the literature on disease course, exploration gsjhogical disease parameters has
focused primarily on concomitants of cardiovascdiaease such as blood pressure
recovery (Gerin et al., 2006). As described prasip, an overactive proinflammatory
cytokine response and dysregulated hypothalamienathpituitary axis, including
cortisol, is at the heart of current theories otD\prevalence. Relationships between
MRT and these biological parameters, such as IL-8,and TNFe, have been largely
neglected. One correlational study conducted lge&trom et al. (2008) examined the
relationship between immune response to vaccinamohMRT in caregivers of
Alzheimer’s disease patients and controls. Thegnted a trend for MRT to be
positively related to pre and post vaccination |kt that it did not reach significance.
Interestingly, they also found that among caregi\etevated levels of neutral repetitive
thought were associated with significantly highestpvaccination IL-6 levels.

The relationship between MRT and biological dystation was also examined in an
experimental paradigm. Relationships between tvathand state rumination and
cortisol were measured in response to an experatigmianipulated stressor among
healthy adults (Zoccola, Dickerson & Zaldivar, 2R08rait rumination (Response Style
Questionnaire) was assessed pre-task, while psisstate rumination was
operationalized as the self-rated frequency of ieg#houghts contained in the
Thoughts Questionnaire (Edwards, Rapee & FranRi03). The stressor task consisted
of performed a speech and contained two conditieitiser in front of an evaluative panel
or without being evaluated. Cortisol was colledbeth pre and post-task, then 10, 25 and
40 minutes post-task. Study results indicatedtiigit post-task state rumination was

associated with elevated cortisol levels both pasik-and through the 40 minute recovery
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period. However a different cortisol pattern eneerfpr trait rumination, with greater
trait rumination predicting a blunted cortisol reape to the social evaluative stressor and
in fact not differing from participants in the cooittask. Bivariate correlations suggested
that both state and trait measures had indepeedfets on cortisol response after
adjusting for the other measure. These resulisatelthat although acutely elevated
cognitive responses are associated with normalexeons in cortisol in response to a
stressor, more long-standing patterns of MRT ase@ated with blunted cortisol
reactions regardless of acute stress reactionsatit a more dysregulated
hypothalamic-adrenal-pituitary axis stress resporiseddition, trait rumination was
unrelated to cortisol responses in the control.té&kce IMIDs are associated with
hypothalamic-pituitary-adrenal axis dysregulatittns study may indicate a relationship
between MRT and the types of biological changesadan inflammatory disorders.
Maladaptive Repetitive Thought, Posttraumatic Sti2isorder and
Immune-Mediated Inflammatory Disorders

Thus while examination of MRT and immune-mediatesgtases and disease
processes are still relatively rare, data is emgrghat both rumination and worry are
related to incidence and progression of IMIDs.adidlition, there is evidence that MRT is
related to the biological dysregulation associatét IMIDs, such as elevated immune
parameters and a less flexible hypothalamic-pitygairenal axis response to stress.

However the relationship between MRT and IMIDs rbayparticularly strong when
accompanied by stress. As discussed previouslyl BRI negative affect are
synergistically related to psychopathology. Eaghtgbutes independent variance to
psychopathology, but the effect of each is alsomiegl when accompanied by the
other. Thus while trait MRT may be related to IMilevelopment or progression, this
relationship may be particularly strong in the wakéhe elevated distress associated

with a PTSD reaction to trauma.



36

This interactive effect of stress and trait MRT t&nseen in the above study of trait
rumination and cortisol response to stress (Zocdailzkerson & Zaldivar, 2008). High
trait rumination was related to a blunted cortigslponse to the acute stressor, similar to
the hypocortisolism reported in both PTSD and IMIDdoreover, those low in trait
rumination mounted the expected rise in cortisoksponse to the stressor task. Hence
the stressful event itself wasn’t necessarily segldb an unhealthy biological response;
those with low trait rumination demonstrated a tigatortisol rise, which would
regulate any stress response-induced inflammatewagon. The stressful event was
only associated with blunted cortisol in high traiminators, impairing their ability to
regulate stress-induced cytokine elevations. Thedbiological implications of stress
occurred only in the presence of trait ruminati@onversely, trait ruminators may be
especially vulnerable to IMIDs in the face of chimstressors; their blunted cortisol may
leave them unable to regulate stress-induced aytaddevations, but may not matter as
much when stress is low, and cytokine levels arenab

Thus the chronic stress of PTSD may only be aswutiaith the development of
inflammatory diseases in the face of trait rumio@tiwhen rumination prolongs both the
emotional and biological stress response, leadinglisease (Brosschot et al, 2006).
However trait rumination may only activate IMID adopment in the face of stressors
such as PTSD, as the heightened stress fuels #tefoe coping, prompting a spiral of
avoidant coping through rumination and paradoxiceteases in stress, with associated
increases in inflammatory activity. So althougdittrumination may predate a traumatic
event, its relationship to IMID development may yostart after a PTSD reaction to
trauma. In turn, MRT may prolong and intensify tdestress and physiological
dysregulation related to PTSD and lead to eventelelopment of inflammatory

disorders.
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The Role of Health Behaviors in the Relationshifpw&en
Posttraumatic Stress Disorder, Maladaptive Repetithought and
Immune-Mediated Inflammatory Disorders

Although converging evidence suggests a causabfdi#éRT in the biological
dysregulation associated with both PTSD maintenandelMID development, it is
important to examine health behaviors in a mod¢hefimpact of PTSD on disease
(Boscarino, 2008; Freedland, Miller & Sheps, 2008aladaptive behavioral coping
patterns are well-known to adversely affect theaotwf traumatic stress on both
physiology and autoimmune disease outcomes (feviaw see Olff, Langeland &
Gersons, 2005). For example, smoking has beeaditkinflammatory dysregulation,
and smoking cessation with reduced peripheralnmit@ation (reviewed in Goncalves et
al., 2011). It follows that risky health behaviarge associated with poorer IMID
outcomes and functioning (Karlson et al., 1999ieeed in Stojanovich &
Marisavljevich, 2008). Individuals with PTSD ar®ra likely to have such risky health
habits, such as a greater propensity for alcohdldrng abuse and less exercise
(reviewed in Rheingold, Acierno & Resnick, 20049r Example, among 921 male
veterans, PTSD symptom level was found to positipeédict both smoking and alcohol
use (Schnurr & Spiro, 1999). A PTSD diagnosis agnegterans was also found to
predict alcohol abuse and dependence twenty yates(Boscarino, 2008). Moreover,
male veterans with comorbid diabetes, PTSD andedsmn were found to have higher
total cholesterol, body mass index, weight and odsbstance use disorders than those
with depression alone, suggesting that PTSD imgaeftaviors that are risk factors for
this IMID (Trief, Ouimette, Wade, Shanahan & Weott, 2006).

Conclusions and the Current Study

Literature Summary
We know that chronic stress can negatively impaetth (Kiecolt-Glaser,

McGuire, Robles, & Glaser, 2002). Seventeen peraecurrently deployed soldiers
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have been diagnosed with one type of chronic stpesttraumatic stress disorder
(PTSD; U.S. Army Surgeon General, 2006). PTSD#oeaiated with a significant
functional burden to our soldiers (Hoge, Terhakop@astro, Messer & Engel, 2007) as
well as a financial burden to both the soldiers soclety (Goldberg, 2007). PTSD is
strongly related to chronic physical illnesses égaret al., 2005) and functional
impairment, indicating the importance of identifyifactors which may help minimize
the emergence of veteran illness.

IMIDs, in particular, have been associated with BWMdthin both the general
population (O'Toole & Catts, 2008) and veteranpanmticular (Boscarino, 2004). In
addition, PTSD has been associated both with thegpice of individual IMIDs such as
arthritis (O’'Toole & Catts, 2008) and the overalihmber of IMIDs diagnosed (Boscarino,
2004). Seng and colleagues (2006) demonstratedexr@sponse relationship of PTSD
symptoms and IMID risk. PTSD is also associatelth @ysregulation of biological stress
correlates such as proinflammatory cytokines amtistd being implicated in the disease
pathogenesis (Cutolo & Straub, 2006). IMIDs, sasiType 1 diabetes, rheumatoid
arthritis and Crohn’s disease, occurs when the lsadymune system attacks its own
tissues, causing damage to organs, tissues aisdMaliional Institute of Health [NIH],
2005). Moreover, subthreshold posttraumatic stsgaptoms, rather than a full PTSD
diagnosis, are also associated with significanttional and physical morbidity and
associated physiological dysregulation (Benyanttm;Dor, Ginzburg & Solomon,

2009; Eadie, Runtz & Spencer-Rodgers, 2008; Margh8kthell, 2002; Pacella, Hruska
& Delahanty, 2012; Thomas et al., 2012). Ther@ss evidence that traumatic events
are associated with functional decline regardlésshether fear, helplessness or horror
are experienced in conjunction with the event (AsdErazier & Frankfurt, 2011). Itis
thus important to consider the impact of the fpikstrum of potentially traumatic events
and related posttraumatic stress symptoms ratherjtist a PTSD diagnosis on physical

disease and related physical functioning diffiasti
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The incidence and prevalence of IMIDs is widespraad growing, with 23
million people living with these diseases in thatead States alone. In addition, IMIDs
are the third leading cause of morbidity and magtaimong industrialized nations
(Notkins, Lernmark & Leslie, 2004), and accountdasignificant portion of the rising
U.S. health care costs (NIH, 2005). No cure hanlbeund for IMIDs, and treatments
often involve toxicity risks (Shoenfeld & GershwR(06), underscoring the need to find
avenues of preventionln addition, the relationship between stress asdatie can
become a vicious cycle, with chronic disorders saglutoimmune disease amplifying
psychological stress, further increasing vulnerghib disease progression (Stojanovich
& Marisavljevich, 2008). However the mechanismshid relationship are still poorly
understood and require further investigation (Saetel., 2006).

There is a growing consensus among psychopathoésgarchers that a
protracted cognitive representation of stressong Ibeanecessary to produce emotional or
physical morbidity (Brosschot et al., 2006; Watkid808). MRT, which figures strongly
in the development of PTSD, may be particularly am@nt to advance our understanding
of the effects of chronic stress on IMIDs (Brosd¢lRieper & Thayer, 2005). The
physiological and emotional effects of MRT are $amto both IMIDs and PTSD.
Experimental MRT inductions result in dysregulatairthe specific immune and stress
hormone parameters implicated in both IMID etioldggccola et al., 2008) and PTSD
(Ironson et al., 2007). MRT is also positivellated to and predictive of PTSD (Murray
et al., 2002).MRT is associated with emotional and behaviorai@ance of distressing
internal phenomena, serving to paradoxically ineedaoth the intensity and duration of
psychological distress, and this relationship reenimoted in patients with PTSD
(Walser & Hayes, 2006).

The contribution of MRT to PTSD morbidity is indejkent of the effect of
general negative affect on adjustment (Tull, JakkpdcFadden & Roemer, 2007) as

well as empirically distinct (Speckens et al., 20@id predictive of the intrusive
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memories found in PTSD (Michael et al., 2005; Wagki2004). In addition, while both
worry and rumination are used to operationalize MB&gerstrom et al., 2008),
rumination may be a more potent form of MRT (Huggeal., 2008) and is more
frequently used in literature examining the relasioip of MRT to PTSD.

A closer examination of MRT within PTSD is also ded to refine psychological
treatment approaches. Although MRT is a promifeatiure of prolonged PTSD, it may
not be addressed adequately in the most commoaty RESD psychotherapies (Walser
& Hayes, 2006). Unaddressed MRT may disrupt tkeajpeutic effects of the most
effective PTSD psychological treatment, imaging@sure, or may even lead to worse
symptoms (Lee, Scragg & Turner, 2001). Neglegirofracted cognitions may be
increasing veteran vulnerability to future physiaatl emotional pathology. In fact
recent studies suggest that rates of neuro-immysiegulation are positively related to
the amount of time since the stressor onset. lyiretlidies have found that an increased
duration of time since stressor onset is relategt¢ater neuro-immune disruption (Miller
et al., 2007; von Kanel et al., 2007), suggestiay these maladaptive cognitive and
physiological reactions to trauma may incubate mwithe body, possibly resulting in
disorders such as inflammatory disease. In addititaladaptive health behaviors both
predict IMID course and are overrepresented indhagh PTSD (Karlson, 1999;
Schnurr & Spiro, 1999), suggesting that they mayant for additional variance in the
impact of PTSD on IMIDs.

Specific Aims and Hypotheses

The goal of the current study was to expand thesdture in five key ways. In
sum, it appears that MRT may increase the duramehintensity of posttraumatic stress
symptoms. It has also been reported to resuleurgrimmune dysregulation, both in
laboratory manipulations and longitudinal studi&milar biological dysregulation has
been found in PTSD, and is implicated in the paginegis of IMIDs (both individual

diseases and total disease number); in fact, teemerging evidence of elevated MRT
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predicting IMID development. This relationship mas especially true for individuals
with a history of childhood trauma and thus londerations since stressor onset. Itis
crucial to consider this disease pathway in fermaterans of the current conflicts since
they may be particularly vulnerable to the develeptrof both PTSD and IMIDs.
Researchers have not yet, however, investigatetaef MRT in the relationship
between posttraumatic stress symptoms and IMIDsddition, it is important to
consider the separate role that maladaptive lilesagtors will play in this model. A
more complete understanding of the role of MRT laaanful health behaviors in both
posttraumatic stress symptoms and physical diseiés@low us to increase the
specificity and efficacy of our current diagnogesychological interventions and disease
prevention within the female veteran population.

In the current study, brooding rumination was usedperationalize MRT based
on its prevalence in the PTSD literature and ewdédhat it is a more potent form of
repetitive thought than worry among anxiety disosdélughes et al., 2008). In addition,
the brooding rumination subscale of the Rumina®esponse Style questionnaire has
been noted as an adequate representative of ruomnatstudies examining health
outcomes (Segerstrom, 2008) and found to be retathdalth independent of depression
(Siegle et al., 2004).

This study was designed to examine the followingdtlgeses:

1. Consistent with previous research, IMID prevalead related functional decline
will be greater in participants who have experieha¢rauma than among those
without a trauma history.

2. Among participants who have experienced a traunegetwill be a positive
relationship between posttraumatic stress symptordsoth IMID incidence and
functional decline. Specifically, greater posttraiin stress symptom severity

will be related to increased overall number of IMIBnd increased functional
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decline. These relationships will be found aft@ntcolling for demographic
factors significantly related to outcome variables.

3. Among participants with a history of trauma, areraction between MRT and
posttraumatic stress symptoms will predict overathber of IMIDs and
functional decline. Specifically, the interactiohhigh levels of both
posttraumatic stress symptoms and MRT will be eelad elevations in IMID
diagnoses and poorer physical functioning. THatie@nship will be significant
after including in models, and thus controlling,fdepression and childhood
trauma and health behaviors including smoking,l@tase and sleep. MRT and
posttraumatic stress symptoms are each also hygnéigeto be independently,
positively related to physical disease.

4. Among participants with a history of trauma, heddéhaviors such as smoking,
alcohol use and sleep will mediate the relationslefpveen the posttraumatic
stress symptom-MRT interaction and elevations itCrevalence and physical
function status. In other words, the cross prodfigiosttraumatic stress
symptoms and MRT will be calculated and the refetiop of that cross-product
to IMID prevalence and functioning will be estiméteHealth behaviors are
predicted to mediate the relationship between dsttraumatic stress symptom-
MRT interaction (cross-product) and IMID prevaleracel function.

In addition, the following exploratory analysis lxalso be conducted:

5. The impact of individual symptom clusters of paatinatic stress symptoms (re-

experiencing, avoidance and hyperarousal), ratfger & posttraumatic stress

symptom latent variable, on hypotheses 2 through 4.
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METHOD
Participants

The sample for the current study were drawn frozroas-sectional Veteran’s
Affairs funded study being initiated by Dr. Anned&a, P.I. at the lowa City Veteran’'s
Hospital entitledPhysical and sexual assault in deployed women:, Risicomes and
services Participants identified for the Veteran’'s Aflastudy were 643 female Reserve
or National Guard veterans who were either depldagdtle combat-related regions of
Irag or Afghanistan, or were not deployed. Thesenen were selected from a 5-state
region, including lowa, lllinois, Kansas, Missoand Nebraska.

Procedure

Qualifying female veterans were mailed a summaih® study and asked to take
part in a study examining the deployment healtmiitary women. Consenting
participants completed a one-time computer-asststeghone interview assessing
variables including socio-demographic status, traexposures, history and current
physical and emotional health, military environnai&ctors, both military and
Department of Veteran Affairs health care and usagevell as barriers to such care.
Participant involvement was voluntary. Consent wgdlied by their participation in the
study and participants were paid $50.00 for thaitipipation. Phone interviews were
conducted by trained employees of the lowa Citye¥&t’'s Hospital. Phone interviews
were conducted from 3/11/2010 to 9/26/2010.

Objectives of the larger VA study included 1) Itigmng and describing risk
factors for both physical and sexual assault anfemgle veterans; 2) Determining the
relationship between such assault and both phyar@hinental health, as well as health
risk behaviors; and 3) Identifying internal andegrl barriers to health services with
regard to deployment and assault status. Therdwstedy involved only a portion of the

phone interview measures included in the largatystuncluding those measuring PTSD,



44

rumination, demographics, health behaviors, inflatory related disorders and related
physical and emotional functioning.
Measures

All measures being used in the current investigagie included in Appendix B.
Predictor, mediator and outcome variables are ptedeand summarized in Table Al.
All measures were administered orally due to thenghnterview format of the study.
Cronbach alpha of measures for the current studyegound in Table A4.

Demographic Information

Participants were asked to report basic demogecagdta, including age, ethnicity,

education level, partner status, employment statasfamily income.
Posttraumatic Stress

PTSD ChecklistPCL; Blanchard, Jones-Alexander, Buckley & Foise996).

The PCL is a 17-item questionnaire that assessesi€B, C, and D of the DSM-IV
PTSD symptoms. Participants rated how much they Wwethered in the past month by
each symptom on a 5-point scale, ranging from 1 dball) to 5 (extremely). The
Cronbach alpha of the PCL-C was found to be highHe total score (0.94) as well as
for the reexperiencing (0.94), avoidance (0.82) layygerarousal (0.84) subscales
(Blanchard et al., 1996). This same study reparteorergent validity of correlation with
the gold-standard Clinician Administered PTSD Iview (CAPS; Blake, Weathers,
Nagy, Kaloupek, Klauminzer, Charney & Keane, 199003. A value of 38 for female
veterans (Dobie et al., 2002) was used as a csitoffe to provide descriptive information
about the sample regarding the proportion who se@@ositive for a likely diagnosis of
PTSD. Based on the example of von Kanel and aplles (2007), who found a dose-
response relationship between PTSD symptoms alarinfatory activity in even sub-
threshold PTSD, PTSD total and symptom clusterescarere used as continuous

variables in analyses to represent the posttraarstéss symptom variable.
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Traumatic ExperiencesParticipants were asked whether they experieangf

27 discrete potentially traumatizing events. Ehgsestions came from a number of
sources, including the Diagnostic Interview Schedal the DSM-1V - Criterion A for
PTSD (Robins, Cottler, Buckoltz & Compton, 1995i@as accident, fire etc, natural
disaster, non-sexual assault, imprisonment, Iifeatening illness, witnessed someone
seriously injured, witnessed someone killed, sesaddody, experienced sudden death
of close friend, cared for wounded soldier), thegpbDgment Risk and Resilience
Inventory - Post Battle Experiences (King, King &3, 2003; exposed to sight sound
smell of dying, interaction with enemy POWSs), thdléhium Cohort Study
Questionnaire (Smith et al., 2007; IED explode ryear, feeling great danger of being
killed), as well as questions original to studigliipatrick and Ruggiero (2004; lifetime
history of attempted sexual assault and lifetingtdny of completed rape) ahtbge and
colleagues (2004; receiving incoming artillery,atiarge weapon at enemy, responsible
for death of enemy combatant, seeing dead bodiem)gill civilians, being wounded,
clearing homes or buildings) as well as questiotgral to the parent study of this
project (responsible for body searches, left by daring mission, observed children run
over, any other traumatic event).

The participant was classified as having experiérecauma if one or more of
these events were positively endorsed. Particspaste given this designation
regardless of whether or not they reported the O8MTSD A2 criteria of experiencing
fear, helplessness or horror with the event siacent research suggests that the
morbidity associated with potentially traumatic etgeis independent of the A2 criteria
(Anders et al., 2011).

Rumination

Ruminative Response Subscale of the Response &lykestionnairéRSQ);

Nolen-Hoeksema & Morrow, 1991). The RSQ is a 22nitself-report instrument which

assesses a characteristic tendency to engage inative behavior when depressed.
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Treynor, Gonzalez and Nolen-Hoeksema (2003) demvgdtem Brooding Rumination
subscale from the RSQ which is free of depressoonent and is proposed to be
maladaptive, assessing a tendency to passivelya@gme’s current situation with an
unattained standard. This Brooding subscale wilifed to assess negative ruminative
thought. All five items identified by Treynor dt as belonging to the Brooding Scale
were summed to compute Brooding rumination scdtesis appear to have minimal
overlap with depressive symptoms and read: “What daing to deserve this?”, “Why
can't | get going?”, “Think about a recent situatiavishing it had gone better”, “Why do
| have problems other people don’t have?”, “Why'thhandle things better?”
Coefficient alpha of the Brooding subscale has lveported as acceptable<.77-.78;
Fresco et al., 2007; Treynor et al., 2003). Dieatgralidity with depression was
explored among lupus patients and the Broodingcaldsvas found to be unrelated to
depressive symptomatology (Siegle et al., 2004).

Depression

Patient Health Questionnaire®HQ-9; Kroenke, Spitzer, & Williams, 2001).

The PHQ-9 is a self-report measure of depressingtyms that is comprised of 9 items
that map onto the 9 DSM-IV and asks about the piesef symptoms in the past 2
weeks. Items are scored from 0 to 3 with respopsierts “not at all” (score 0), “several
days” (score 1), “more than half the days” (scorarid “nearly every day” (score 3). The
maximum total score is 27. Higher scores representased severity of depressive
symptoms, and the standard cutoff score to idepbfisible depression is 10 (Kroenke et
al., 2001; Manea, Gilbody & McMillan, 2012). Oftegthere is little conceptual overlap
among the PHQ-9 items and rumination. Coeffic@pha was found to be 0.89 in a
sample of primary care patients (Kroenke et al0120
Self-Reported Health
Millenium Cohort Study QuestionnaifMCSQ; Smith et al., 2007). This

instrument is an 83-item questionnaire being use@ 1-year longitudinal study of
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more than 100,000 U.S. veterans. The questionaagesses a range of symptom
domains and experiences, including current chrbeadth condition diagnoses given by a
medical professional within the past 3 years (rhatand arthritis, lupus, Crohn’s
Disease, chronic fatigue syndrome and fiboromya)@ayl health behaviors (smoking and
alcohol use). The MCSQ study was launched in Z0@Dpreliminary results of this
study have been published. Although internal ieacy was not computed for these
scales, test-retest reliability is reported as mat@eto excellent for all (kappa:
demographics=.87; smoking=.82; alcohol use=.54slay conditions=.48), and
reliability was generally greater among female oggjents. Participants in the current
VA study were asked a portion of the MCSQ items.

There is also additional support for the validifyngeasuring health in a self-
report format in both national studies of traumadimdividuals (Boscarino, 1997;
Schnurr et al., 1998) and examinations of bioldgicediators. For example, Lekander
et al. (2004) found that among female participdotser ratings of health as measured by
a single health item was related to elevationgainflammatory cytokines, including IL-
1B, IL-1ra, and TNFe.. Undén et al. (2007) replicated this result iméée participants.
Moreover, self-reported health but not depressian feund to be related to levels of
inflammation (Janszky, Lekander, Blom, Georgiade&hfave, 2005). Thus while
objective validation of health status would be Id#ere is support for a relationship
between self-rated health and inflammatory dysigar.

Medical Outcomes Study Short Form-{&F-12; Ware, Kosinski & Keller, 1996).

The SF-12 is a 12-item self-report shortened varsiche SF-36, a measure of
functional disability. Two summary scores cardkeeved, the physical component
score (PCS) and mental component score (MCS).1Zhems were scored and
transformed according to the standard procedutieeimanual (Ware et al., 1995).
Briefly, each item score is weighted by a factard from regressing response

category scores of each of the SF-12 items on F&C&18 MCS-36 scores in a general
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US sample (Ware et al., 1996). The resulting scareshen transformed to a mean of 50
and a standard deviation of 10 in the general Usuladion, with higher scores reflecting
better health. The SF-12 norm-based scoring allotespretation of scores by
comparing them to a reference population, and 8oates are interpreted as departures
from the standard. This shortened version is tegdo have strong predictive validity
with the 36-item version (physical functioning scdier?=.91; mental functioning
subscale®=.92) and test-retest reliability is reported aseptable i°=.86; Ware et al.,
1996). Internal consistency has been examined, negorted alpha coefficients of .80
for physical functioning and .78 for emotional ftinaing (Larson, Schlundt, Patel,
Beard & Hargreaves, 2008). The SF-12 has beerdftube a useful measure of
disability in inflammatory rheumatic diseases (Macinat, Ehlebracht-Konig, Kiihn &
Bullinger, 2006). The PCS was used in this studgstimate the outcome variable of
general physical impairment. For SEM analyse@G& was multiplied by negative one
so that higher scores indicate worse functioniagnatch the directionality of the other
indicator of the physical disease latent variatN8#D diagnoses. For preliminary
analyses, including correlations, ANOVAs and ANCQ3/Ahe untransformed PCS was
used for ease of interpretation (thus high scordgate better functioning).
Childhood Trauma
Childhood Trauma Questionnaif€TQ; Bernstein et al., 2003). The CTQ is a

28-item adult self-report retrospective measurehafi maltreatment. Items are rated on
a 5-point Likert scale with higher scores indicgtanhigher degree of childhood
maltreatment. Items assess childhood histori¢ésaofma including emotional, sexual,
and physical abuse and emotional and physical oegl&€his study utilized a shortened
8-item version of the full measure with items resar@ting each type of childhood

maltreatment.
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Statistical Plan

IBM SPSS Statistics for Windows, Version 19.0.0r&nk, NY) was used for
preliminary data analyses. AMOS, Version 17.0 (fde, 2008) was used for SEM
analyses with covariance matrix data as input.

Preliminary Analyses

Four sets of preliminary analyses were conduckadst, all variables were tested
for non-normal distributions and transformed if fiduto be non-normal.

Second, bivariate correlations and univariate ANGQWfere performed to
examine the possibility of significant associatite$ween demographic characteristics
and outcome variables (reported IMID diagnosesamsadciated physical functioning
decline). Independent variables were regressel @@mographic characteristics with
significant associations to outcome variables &ed¢siduals were saved and used as the
independent variables in further analyses.

Third, with respect to the first study hypothesis, ANCOVA was conducted to
determine whether the prevalence of IMID and plaldignctioning were greater in
female veterans who have experienced a traumaritanse who have not, controlling
for demographic characteristics, including agepme, ethnicity, partner status,
educational attainment and employment status. cifsqaly, a trauma variable (0O=no,
1=yes) was indicated for each veteran, and thepgratere compared on the mean
number of IMIDs diagnosed and physical functionsegre.

Fourth, a correlation between the PCL and the RRS8ding subscale was
conducted to examine whether PTSD and ruminatipresent unique constructs in this
population.

Primary Analysis

Structural equation modeling was used for the remgianalyses. Structural

equation modeling (SEM) is a two-step statistieahhique that is an extension of the

general linear model, thus is in the same familypnattiple regression. However, SEM
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has a number of advantages over multiple regressiolnding the ability to test multiple
predictor and dependent variables and overall nsa@gher than individual coefficients,
interpretation with multicollinearity among precdbcs, as well as modeling both
mediating variables (rather than additive modets) arror terms. SEM models allow for
exploration of multiple construct relationshipsoime analysis, thus examining
relationships while accounting for multiple otheusces of variability. Thus two
primary purposes of SEM include first, understaggatterns of correlations amoag
priori specified variables and second, explaining as nofithe variance among these
variables as possible through the model specifiethé researcher.

Within SEM, the data collected are referred to laseoved variables, or
indicators, and are said to represent the underigamstructs of interest, or latent
variables (MacCallum & Austin, 2000). According®&M convention, in graphical
models observed variables are represented by gdetaand latent variables by ovals. In
this study the latent variable of PTSD was hypa#teskto be comprised of three
observed variables, the individual PTSD symptonsteluscores (intrusions, avoidance
and arousal) and the latent variable of physicsgase was represented by two observed
variables, the number of reported IMID diagnoses @mysical functioning. Additional
observed independent variables not encompasseddnt variables included the health
behaviors of smoking, alcohol consumption and sldepression, childhood trauma, and
post-deployment health change.

SEM allows assessment of the effectiveness of nneamant of latent variables as
well as estimation of the relationship both betweelependent variables (both latent and
observed) and between independent and dependeaiblear Thus it is a two-step
process involving both validation of the measureinmeodel of the data through factor
analysis and fitting of the structural model throymath analysis (Weston & Gore, 2006).

Five sets of model analyses were planned and/afumed. First, the

measurement model, depicted in Figure B3, wasddstt. The measurement model
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delineates how the latent variables in the modklbei measured, thus the observed
variables were tested in a model with their respedaitent variables. Specifically, the
observed indicators of the PTSD and physical desésent variables were subject to
confirmatory factor analysis to examine the degrerelatedness between the observed
indicators within latent variables, since strongdiated indicators define the latent
variable most accurately. The next step involvei@meining how the independent latent
variables and additional independent observed bi@savere related to the outcome
variables of interest as well as to each otherM &a more direct way than regression
analyses of testing direct and indirect paths frodependent to dependent variables.

Second, upon establishing that the measurementlmadean adequate fit for the
data, the full structural model was tested. Thecstiral model, also shown in Figure B3,
contained the physical disease latent variableesl¢pendent variable and as
independent variables the posttraumatic stress teymiatent variable, MRT, a
posttraumatic stress symptom-MRT interaction, dego®, childhood trauma, smoking,
alcohol use and sleep duration.

Third, analysis of the potential mediating effethealth behaviors on the
posttraumatic stress symptom-MRT interaction wae planned. Four conditions have
been considered necessary for mediation (Baron 8nl{e1986; Judd & Kenny, 1981a,
1981b). In the following description of these faanditions, X represents the
posttraumatic stress symptom-MRT interaction, Yrespnts the physical disease latent
variable, and M represents the mediating healtlalbe. The four conditions for
mediation are as follows (Baron & Kenny, 1986; £t MacKinnon, 2007):

1. The total effect of X on Y is significant.

2. The effect of X on M is significant.

3. The effect of M on Y controlling for X is significe.

4. The direct effect of X on Y controlling for M museé nonsignificant for full

mediation (Judd & Kenny, 1981a, 1981b) or smahantthe total effect of X on
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Y for partial mediation (Baron & Kenny, 1986).

These four conditions can be established by exaigitwwo SEM models (Hopwood,
2007). The first, the full model described abaamines the first condition, whether
the effect of the posttraumatic stress symptom-NiR@raction term on physical health is
significant. The second through fourth conditiarese planned to be examined in a
second mediator relationship model. There is sewidence that SEM is as adequate or
superior to regression in examining a mediatedioziship as SEM explicitly models
both error and multiple indicators for Y, the oute®variable (lacobuci, Saldanha &
Deng, 2007).

Fourth, the relationship of individual PTSD sublesdo outcome variables was
examined by substituting the PTSD subscales (re@qmeng, avoidance and arousal) for
the posttraumatic stress symptom latent variabtheerfull structural model.

Fifth, based on initial results the following eamtory analyses were conducted:
1) depression mediating the relationship betweerm MRd physical disease;

2) depression mediating the relationship betweettiumatic stress symptoms and

physical disease; 3) depression mediating theioakttip between sleep and physical

disease; and 4) a parsed version of the full strattmodel which excluded depression.
Power Analysis

For the ANCOVA test of group differences betweeterens with and without
trauma, ara priori sample size was estimated based on guidelinesatiedien Cohen
(1992). Previous studies have indicated oddsgati@.6 (Boscarino, 2004) and 2.12
(Dominick, Golightly & Jackson, 2006) for IMID diase occurrence in traumatized
versus non-traumatized populations. As specifie@hbinn (2000), these odds ratios can
be compared to effect sizes of .53 and .41, resedgta medium effect. According to
Cohen (1992) and MacCallum, Browne & Sugawara (1.9%6ample size of 64 per

group provides power of .80 to detect medium e$fettthex. = .05 level in tests of
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differences between means. Therefore, the presemple size of 643 participants
reporting a history of trauma was more than swgfitifor detecting medium effects.
For the SEM analyses, power analysis for the datdeatfit was conducted using
guidelines recommended by MacCallum, Browne, argh$ara (1996) and Hancock
(2006). These analyses estimated the sample size thddl woavide sufficient power
(#=0.80) for testing null hypotheses of unacceptabkrall data-model fit (in structural
equation models the role of the null hypothesigi®rsed, so that significant results
provide strong support for a good data-model fithis approach allows for a direct
estimation of power, where effect sizes are definddrms of fit indices such as the
root-mean-square error of approximati®MSEA. According to Hancock, the
minimum sample size for testing a “close” data-mditiein order to achieve = 0.80
with df=25 (rounded up from the actual degrees of freedb24) isSN=368; in order to
achiever = 0.50 withdf=25 the requiretN=218. Thus, with the study sample size of
643 women reporting a history of trauma, this sthdy sufficient power to examine fit
of the proposed model to the data. Moreover, a@cgrto thet-rule of necessary
condition of identification (Bollen, 1989), the meldvas able to be estimated and was
identified, since the number of observed variabl&3 was greater than the number of

known parameters (54).
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RESULTS

Participant Characteristics

Out of the 1,682 women contacted by the lowa €&yMedical Center for study
participation, 350 refused and 832 agreed to ppatie. When the target goal of 665
complete interviews was reached, recruitment wapesuded on 436 potential
participants and 167 participant interviews pastiabmpleted or not completed. Of the
665 participants who completed full interviews, G4@men (96.69%) reported a history
of trauma exposure, including both early and curteumatic experiences. Further
analyses were restricted to participants who repaathistory of trauma. Demographic
characteristics of the sample are presented ineT/AB|

With respect to clinical characteristics, as carséen in Table A3, 14.8% met
criteria for a PTSD diagnosis and 16.7% for a dosgmof depression. Physical
functioning (PCLM = 50.03) was higher than has been previously redort female
veterans within a similar age range (PRl= 37.1; Frayne et al., 2006). Self-reported
inflammatory disease incidence (4.4% IMID, 14.0%gdcavascular) was commensurate
with previously reported rates for IMIDs in the geal population (4%; Robinson et al.,
2006) but lower than reported rates for IMIDs imsar-aged female veterans (9.8% for
just one IMID, fibromyalgia; Booth et al., 2012)ata veterans (6.3%; Boscarino, 2004)
or cardiovascular disease in women (35%; Rogel,e2@12). Specific inflammatory
diseases assessed in the current study includexifylalgia (2%), rheumatoid arthritis
(2.7%), Crohn’s disease (0.2%), Chronic Fatiguedgyme (.5%) and cardiovascular
disease (14%). No participant reported a diagrafdigpus.

Preliminary Analyses

Data were first examined for potential violatioristatistical assumptions.
Departures from univariate normality were deterrdibg skewness > 3 and kurtosis > 10
(Kline, 2010), and for non-normal variables Blortransformation ([r-3/8] / [w+1/4];

Blom, 1958) was applied to the raw scores. Alialales that required a transformation
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fell within the limits of skewness and kurtosiseaftransformations were applied. The
distribution of each variable was also examinedidtiers. Potential outliers were all
determined to represent reasonable variance wtileivariables of interest.
Multicollinearity was not detected among the valeslof interest (cutoff = .85; Kline,
2010). Multivariate normality is an assumptiortted most commonly used estimator,
maximum likelihood (ML; Bollen, 1989). Multivariatoutliers were determined by a
Cook’s distance score > 1 (Ullman, 2007) and ndieystwere detected (all values <
.10). As a precaution, one general model was sumguML and then bootstrapped
Bollen-Stine as the estimator, which has been faamtoduce robust estimates with
non-normal data (Bollen, 1989). There was foundeg@ negligible difference in the fit
indices. Thus, all models were estimated usingtheestimator with Blom transformed
variables as needed. Zero-order correlations gmariables as well as means, standard
deviations and alpha reliabilities of measureslmafound in Table A4—n’s ranged from
633-643.

Analyses were conducted to determine whether faaitit demographic
characteristics were significantly associated wh#traw scores of either the number of
IMIDs reported or physical functioning. Correlai®owere calculated using the
demographic characteristics of age and annual holdéncome. One-way ANOVAS
were performed using the demographic charactesisfieducation, ethnicity,
employment status and partner status. Plannedaasops were conducted using paired
sample t-tests. To reduce the risk of Type | epevalues were adjusted using
Bonferroni’'s method to account for the number stsgerformed.

Correlation analyses indicated a greater numbévitids reported among those
who were older age € .28,p < .01) and reported higher annual household incorme
19,p=.02). Physical functioning was worse in oldertiggpants ¢ =-.21,p < .01) but
was unrelated to annual household income {01,p = .97). Results of one-way

ANOVAs indicated that for IMIDs, significant diffences were found among
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participants for the characteristics of employnstatus and ethnicity. Specifically, more
IMID diagnoses were reported by participants cutydonoking for work (M = 0.42,SD=
0.89) and those who were unable to work for ansetdsed reasor =0.43,SD=0.81),
p < .01 than for participants working part tinkd € 0.09,SD= 0.29) ,F(7,631) = 3.45.
For the characteristic of ethnicity, participargparting an ethnicity of Native American
(M = 1.50,SD=0.71) reported significantly more IMID diagnoshart those reporting
ethnicities of AsianM = 0.11,SD= 0.33), Black M = 0.26,SD= 0.64), White i1 = 0.19,
SD= 0.47), Multi-race 1 = 0.00,SD= 0.00) or OtherN! = .25,SD= .46),F(6,635) =
2.88,p = .01. This result is similar to previously repattelevated incidence of IMIDs in
individuals of Native American heritage (Del Puerdaowler, Pettitt & Bennett, 1989).
Physical functioning was significantly differentrfine characteristics of education and
marital status. Specifically, participants whoigaded educational attainment of less
than a high school degrele € 48.38,SD= 10.04) reported worse physical functioning
than participants with either a high school degMe- 51.47,SD= 8.62) or some college
or technical trainingNl = 50.76,SD= 8.79),F(3,631) = 3.83p = .01. There were no
significant differences between the outcome vagablIMIDs reported and levels of
educational attainment or partner status or betybgrical functioning and levels of
either employment status or ethnicity (@ < .05). Due to these significant associations
between outcome and demographic variables, prediateables (MRT, re-experiencing,
avoidance, hyperarousal, posttraumatic stress ®m®pMRT interaction, depression,
childhood trauma, alcohol consumption, smoking sledp) were regressed on
demographic variables with a significant assocratith either outcome variable
(significant indicator variables were age, annualdehold income, education, ethnicity,
employment status and partner status) and theuasiavere saved and used as the
indicator variables in SEM analyses.

ANCOVA models demonstrated significant associatioetsveerraw outcome

variables and a history of early and/or currenirtta. For IMID prevalence, participants
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with a history of current trauma exposuké £ 0.21,SD= 0.50) reported more IMID
diagnoses than participants without a history afitna ¥ = 0.00,SD= 0.00),F(7, 636)
=9.70,p < 0.01. Similarly, participants with a historytohuma exposuréV{ = 49.89,
SD=9.29) reported worse physical functioning thartipants without a history of
trauma M = 52.87,SD=4.19),F(7, 639) = 7.17p < 0.01.

The zero-order correlation matrix among the rawalkdes can be seen in Table
A4. Across the raw variables, relationships weneegally in the expected direction.
Correlations between MRT and the PTSD subscales-experiencingr(= 0.36,
p < 0.01), avoidance €0.39,p < 0.01) and arousat € 0.41,p < 0.01) were moderate in
strength with greater MRT related to elevated PBE$Dptoms. Consistent with
previous research (Michael et al., 2005), thestepet provide support for discriminant
validity between MRT and PTSD, suggesting thahia sample these constructs are
related but independent. Relationships betwégsipal functioning and predictor
variables were small but significant with the excapof a moderate negative
relationship with depression £ 0.45) with greater depression associated witts/o
physical functioning. The correlations betweerdmt®r variables and the number of
IMIDs diagnosed were small, except for a lack ghgicant relationship between IMIDs
diagnosed and either cigarettes smoked perrday@.01) and alcohol drinks per day (
=-0.01). Strong relationships were seen betvdegmession and the PTSD subscales of
re-experiencingr(= 0.53), avoidance € 0.66) and hyperarousal£ 0.69), as has been
previously reported (Kessler, Berglund, et al.,20osta, Zoellner, Youngstrom, &
Feeny, 2011).

Model Analyses

Measurement Model
The measurement model was estimated first to exphe effectiveness of latent
variable measurement before testing the structnoael (Anderson & Gerbing, 1988;

Kline, 2010). Model fit for both the measuremend structural models was judged on



58

the fit indexes of chi-square, relative chi-squieot Mean Square Error of
Approximation (RMSEA), Comparative Fit Index (Clind Standardized Root Mean
Square Residual (SRMR). The chi-square statiglso, called “deviance,” reflects the
difference between the observed covariance matixtiae matrix predicted by the
model. The lower the chi-square statistic andhilgber thep value, the more closely the
researcher’s model reproduces the covarianceswauser the data. Thus a non-
significant chi-square is suggestive of good mdidelHowever chi-square is sensitive to
sample size and with large sample sizes (over 2@icpants) can be inflated,
incorrectly implying a poor data-to-model fit aresulting in Type Il error (Schumacker
& Lomax, 2004). Thus while chi-square will be rejeal, four other statistics will be
examined to draw the most accurate conclusionsatiRe chi-square is the chi-square
divided by degrees of freedomzl(df; Wheaton, Muthen, Alwin, & Summers, 1977).
This norming is designed to reduce the influencsamhple size on chi-square. Relative
chi-square of 2 or less is generally consideredidagUliman, 2007). CFl is an
incremental fit index that compares the improvenmemhodel fit over a baseline model
in which the indicator variables in the model anearrelated. A result of 1 indicates a
perfect fit and greater than or equal to .95 inisaood fit (Bentler, 1990). RMSEA is a
measure of overall fit which, unlike CFI, does require comparison to a null model but
instead assess the model on its own merit. RM$&B4 than .05 is considered good fit
(MacCallem, Browne, & Sugawara, 1996). CFl and BMSre considered the fit
indices least affected by sample size. SRMR isttegage difference between the
predicted and observed model covariances basethodasdized residuals. The closer
SRMR is to zero, the less discrepancy between tinaseces. SRMR less than .05 is
considered to indicate a model with good fit (Kli2€10).

The estimated measurement model is shown in Fig8ras a part of the first
structural model. In all models physical functimgiscores were multiplied by negative

one so that directionality of physical diseasecgatbrs were similar, with higher scores
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reflecting worse functioning and greater diseas&lance. In addition, the observed
reexperiencing and avoidance error terms were ledestbased on past research finding
these PTSD subscales to load on a single factak{By, Blanchard & Hickling, 1998;
Elhai, Gray, Cocherty, Kashdan & Kose, 2007; Taykarch, Koch, Crockett & Passey,
1998).

Overall fit of the measurement model was strcxrzlga) =0.07p= 0.99,x2/df =
0.02, CFl =1.00, RMSEA = 0.00, SRMR = 0.00. Ttendardized loadings were all
significant  <.004) and in the expected direction (loadings =.89), suggesting that
all indicators were adequate markers for their tiypsized construct. On the physical
disease latent variable, physical functioning l@ha®re strongly than IMID diagnosis.
A model was tested with correlated error termsafbthree PTSD indicators
(reexperiencing, avoidance and arousal). Howevenadel fit declined (AIC original
model = 24.06; correlated error terms on all thnglicators AIC = 26.05) and there is
less empirical support for conceptual overlap betwarousal and the remaining two
PTSD factors, the original model was retained.

Structural Models

Next the first general model (including both theasurement and structural or
causal model) was estimated. Once again, this hdepicted in Figure B3. In this
model physical disease is influenced by the Igpesttraumatic stress symptoms variable
and the observed variables of MRT, the posttraunsitess symptom-MRT interaction
term, depression, childhood trauma, alcohol useksmy and sleep. All exogenous
predictor variables, both observed and latent, \a#osved to covary. This model
evidenced adequate fix2(24) =39.48p = 0.02,x2/df =1.65, CFl =0.99, RMSEA =
0.03, SRMR = 0.02. Although the chi-square statistsignificant, the model was
retained as other fit indices less influenced bya size were within accepted ranges.
Figure B3 shows the standardized parameter essmat¢he relationships among the

constructs in the model. Within this model, MR€pdession, childhood trauma and
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alcohol use were significantly associated with ptglsdisease, with higher levels of
depression and childhood trauma associated withehilgvels of physical disease, but
contrary to expectations, lower levels of MRT afabhol use related to higher levels of
physical disease. For instance, the standardizefficient of physical disease on MRT
(-.16) indicates that a one standard deviation (BEepase in MRT results in a .16 SD
decrease in physical disease. Posttraumatic styegstoms, sleep, smoking and the
posttraumatic stress symptom-MRT interaction terenenunrelated to physical disease.
These variables were retained in the model debpiteg unrelated to physical disease as
the constructs have been found to be related tithhéecline in previous studies. When
eliminating variables based on model indicatorseathan theory there is a danger of
“overfitting” the model to the data and reducingdabgeneralizability to other
populations (McCallum, Roznowski & Necowitz, 1992jhe R value for physical
disease is 0.20, indicating that the model expl2(% of the variance in physical
disease.

Relationships among variables in the primary $tna model were examined to
determine the appropriateness of estimating a medimodel depicting the impact of
health behaviors on the relationship between tistt@aimatic stress symptoms x MRT
variable and physical health. As the posttraunstiess symptoms x MRT variable was
not found to be significantly associated with pkgshealth, this mediation model was
not estimated.

To explore the relationship of individual posttraatio stress symptoms subscales
with physical disease, three similar models were each including all of the variables
depicted in Figure B3, but substituting a posttratiostress symptoms subscale
(reexperiencing, avoidance or arousal) for thetpmstnatic stress symptoms latent
variable. Fit for all three models was adequaete>(periencingx2(7) =15.31,p=0.03,
ledf =2.17, CFl = 0.99, RMSEA = 0.04, SRMR = O.GSZoidancexz(?) =15.31,p=
O.O3,x2/df =2.17, CFl = 0.99, RMSEA = 0.04, SRMR = O.GBwsalzxz(?) =15.16,p =
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O.O3,x2/df =2.19, CFl = 0.99, RMSEA = 0.04, SRMR = 0.02)t none of the
posttraumatic stress symptoms subscales wereismmtify related to physical diseagss (
> 0.10). These results indicate that while sonrealstes in this exploratory model were
significantly related to physical disease, sucdegwession, childhood trauma and
alcohol use, the posttraumatic stress symptomsaldsswere not related to disease.

To further explore the finding that decreased MRS related to greater physical
disease, depression was modeled as a mediatog oflttionship between MRT and
physical disease; however this model was a nobd §jofor the datax2(30) = 331.86,p
< 0.001,X2/df =11.06, CFl = 0.83, RMSEA = 0.13, SRMR = 0.10ext a parsed model
was tested which excluded depression, as seelgumed=B4. Depression was taken out to
allow exploration of the relationship of MRT witlmysical disease when the general
factor of negative affectivity was not explicitlyadeled. This parsed model did evidence
good fit:xz(Zl) =26.04p = 0.205,x2/df =1.24, CFl = 1.00, RMSEA = 0.02, SRMR =
0.02. Within this model worse physical healttswelated to greater posttraumatic
stress symptoms and childhood trauma as well asrfel@ep hours but related to less
alcohol use. MRT, smoking and the posttraumatisstsymptoms-MRT interaction
were unrelated to physical health.

Finally, to explore the relationship of posttradimatress symptoms to physical
health, depression was modeled as a mediator g@idstigraumatic stress symptoms-
physical health relationship in the full model. i model, however, did not evidence
good fit: x2(21) =31.92,p= 0.03,X2/df = 0.32, CFI = 0.83, RMSEA = 0.04, SRMR =
0.05. Next a reduced model was fit to the dateclwaxamined depression as a mediator
of the relationship between posttraumatic streagp$yms and physical disease without
covariates included in the model. This model igicted in Figure B5. This model was a
good fit to the datapgz(6) =1.92,p= 0.93,X2/df =0.32, CFl = 1.00, RMSEA = 0.00,
SRMR =0.001. In this model the posttraumatiesgrsymptoms variable is

significantly related to depression and depressi@ignificantly related to physical
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disease, but the relationship between posttraurai@ss symptoms and physical disease
is not significant. In addition, as shown in FiguB4, posttraumatic stress symptoms
were significantly related to physical disease whepression was not included in the
model. Thus this model provides support for a @y role of depression in the
relationship between posttraumatic stress symptmdghysical disease. ThéWRilue
for physical disease is 0.18, indicating that treded explains 18% of the variance in
physical disease.

Finally, to better understand the relationship leetwsleep and physical disease
in the presence of an indicator of depression,elspon was modeled as a mediator of

the relationship between sleep and physical dis

CSED

n be seen in Figure B6. This
model was a good fit to the datgz:(l) =1.25,p= 0.26,X2/df =1.25, CFl =0.99,

RMSEA = 0.02, SRMR = 0.003. In this model slees w@nificantly related to
depression and depression is significantly reladguhysical disease, but the relationship
between sleep and physical disease is not signtficehis model provides support for
depression fully mediating the relationship betwsleep and physical disease in this
population of female veterans. ThéwRlue for physical disease is 0.19, indicating that

the model explains 19% of the variance in physiistase.
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DISCUSSION

The objectives of the current cross-sectionalystuere five-fold. First, a
preliminary goal was to explore both the rate fatime potentially traumatizing events
and the relationship of physical disease and trannf@male veterans. This is in contrast
to previous studies which have primarily examinsa trauma-disease relationship in
male veterans. Specifically, the present studyrnexed the prevalence of self-reported
immune-mediated inflammatory diseases (IMIDs) angspral functioning in female
veterans who report a history of at least one pi@ntraumatizing event versus those
who do not report a history of trauma, controllfog significantly related demographic
factors. A second, related goal was to examinedlationship of posttraumatic stress
symptoms to both IMID diagnosis and related fun@iadisability within those women
who report a history of trauma. It was hypothedithat greater posttraumatic stress
symptoms would be related to an increased numbiiffs and worse physical
functioning.

A third objective was to examine the relationstbpsveen posttraumatic stress
symptoms, maladaptive repetitive thought (MRT) phgisical disease as defined by
IMID prevalence and associated physical dysfunctiSpecifically, an interaction
between posttraumatic stress symptoms and MRT wastihesized to be associated with
elevated physical disease. The present study eeahtiis prediction controlling for
negative affect, childhood trauma and health badra\by including depression,
childhood trauma, alcohol use, smoking and sleejhi@s as model covariates. In
addition, demographic factors were accounted farelsidualizing predictor variables for
variance due to age, annual household income, gdogcathnicity, employment status
and partner status. A fourth objective was to esgthe relationships between both
MRT and posttraumatic stress symptoms with physlsdase when controlling for
model covariates. A related objective involveglexratory analyses to examine the

relationship of individual PTSD symptom clustershaphysical disease in a model which



64

included, thus controlled for, negative affecthe form of depression, childhood trauma
and health behaviors.

A fifth goal of this study was to examine the rofeharmful health behaviors as a
mediator in the relationship between posttraunstess symptoms, MRT and physical
disease. It was hypothesized that health behawioutd mediate the relationship
between the posttraumatic stress symptom-MRT iatieraand physical disease.

In the current investigation, 643 female veteramsgleted a one-time interview
to examine the relationships between MRT, PTSDregspon, childhood trauma and
health behaviors with physical disease. Nearly @7 @articipants in the study reported
a lifetime history of at least one potentially tnaatizing event, including both civilian
and military traumas, which is higher than previogggorts of female civilians (40% to
70%; Hidalgo & Davidson, 2000) and lifetime traumstory in female veterans (83%;
Escalona, et al., 2004). PTSD diagnosis was 14n8¥is study, similar to other reports
in female veterans (10-19%; Bean-Mayberry et &113. Depression diagnosis criteria
were met by 16.7% of participants, which is higtian one-year occurrence rates
described for the U.S. population (9%; Kessler,uCBiemler, Merikangas & Walters,
2005) but lower than the incidence among traumagans of the Oklahoma City
bombing (25%; North et al., 1999).

The remaining analyses were conducted only oretpasticipants who
experienced at least one potentially traumatiziene As expected, in correlation
analyses a greater number of IMIDs reported andvoose physical functioning was
associated with elevated posttraumatic stress ymgtbrooding MRT, depression,
childhood trauma and smoking but reduced alcohelamnsl sleep.

In structural equation modeling analyses, a histdityauma, including both
childhood and adult civilian and service-relatealitna, and elevated depression were
associated with greater physical disease. Contoanypotheses, greater MRT and

alcohol use were associated with lower reportecgichydisease. However MRT was
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only related to physical disease when modeled degpression. Also contrary to
hypotheses, posttraumatic stress symptoms and sgoldre unrelated to physical
disease when depression was included in the modlelus the construct of depression in
these models appears to represent an importanttasfgee variance between the latent
outcome variable of physical disease and the pidvariables of MRT, posttraumatic
stress symptoms and smoking behavior. The possibéning of depression to these
relationships will be discussed more fully belowhe posttraumatic stress symptom -
MRT interaction was unrelated to physical diseasalimodels. Previous literature has
suggested that the concurrent experience of pastaic stress symptoms and MRT may
initiate a spiral of avoidant coping through runtioa and paradoxical increases in stress,
resulting in heightened vulnerability to inflammatalisorders and related physical
functioning decline. However the lack of relatioshetween physical disease and the
posttraumatic stress symptom-MRT interaction terrthe current study implies that the
interplay of MRT and posttraumatic stress symptdidsot affect physical disease in
this sample. Several structural equation modete wested and, taken together, fail to
support the central hypothesis that an interadigtween posttraumatic stress symptoms
and MRT is related to impaired health as measueed by IMID incidence and impaired
physical functioning.

Trauma — Disease Associations

In examining the results in more detail, severglontant points emerge. There
was support for the first hypothesis; consisterhwrevious research, participants who
reported at least one potentially traumatizing évesre also more likely to report both a
greater number of IMIDs and worse physical funatigras compared to participants
who did not report a history of trauma. Previoesearch has demonstrated greater
inflammatory disease in male veterans with trauBws¢arino, 2004), and the current
investigation extends the literature by demonsteathat this relationship exists for

female veterans as well. Furthermore, the relabgnbetween trauma and inflammatory
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disease is potentially of greater clinical sigrafice to female versus male veterans since
IMIDs are more prevalent in women (NIH, 2005). Geeahildhood trauma, specifically,
was also significantly associated with elevatedsptal disease in SEM analyses after
parceling out variance due to the demographic bblesaof age, annual household
income, education, ethnicity, employment status@arther status and when the model
included as covariates, and thus controlled fostp@umatic stress symptoms,
depression, MRT and health behaviors.

These findings are similar to a substantial boditefature documenting the
relationship between trauma exposure and healtinded-or example, in female
veterans a history of rape has been associatedpaitter physical functioning (Booth et
al., 2012). Similarly, Ullman and Siegel (1996\fal that both acute and chronic trauma
exposure were associated with poor health peraeptid limited physical functioning
due to health decline. In accordance with theenirstudy, these patterns remained after
controlling for psychiatric diagnoses and demogrm@aphriables. Studies have also
reported negative health outcomes specific to bbibdl trauma (Dube et al., 2003;
Goodwin & Stein, 2004), including cardiac dised3er(g, Giles, Felidti, Dube et al.,
2004). Recently childhood adversity, specificaligs been shown to be related to greater
disease risk after controlling for current psyatidadlisorders, with associations found for
heart disease, diabetes and arthritis (Scott,e2@l1). Thus although negative health
outcomes are most strongly tied to a PTSD reat¢ti@antraumatic event, there is
evidence of health decline with exposure to travegardless of associated
psychopathology (Spitzer et al., 2009).

The positive relationship between trauma exposndephysical disease can be
considered in light of this study’s higher reportate of trauma (97%) than past studies
of female veteran (e.g. 83% ; Escalona, et al.420This elevated trauma rate may be
related to inclusion of a broad array of typesrafimas. For instance in the current study

traumatic stressors included those that may not theecriteria of PTSD in the DSM-IV
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but have been found to be related to functionaligiecsuch as the act of clearing homes
or buildings (Hoge et al., 2004), in which soldisearch buildings for enemy
combatants and are at increased risk of beingkattiaor ambushed. In addition,
participants were given the designation of havitgséory of trauma exposure regardless
of whether or not they reported the DSM-IV PTSD di&tress criteria as there is
evidence of trauma morbidity independent of thiteda (Anders et al., 2011). Results
of the current study support the relationship o troader definition of trauma to
pathology in the form of greater physical disease r@duced functioning.

Physiological and cognitive sequelae of trauma beligey factors in
understanding the relationship between trauma expand health difficulties in the
absence of comorbid psychopathology. First, a metdysis of trauma, PTSD and
cognitive functioning studies (Brewin, Kleiner, \fading & Field, 2007) found that
trauma exposure was associated with neurocogmigfieits in participants who did and
did not have a PTSD reaction to the trauma. Aothgsized by D’Andrea, Sharma,
Zelechoski & Spinazzola (2011), trauma — induceghdove difficulties may result in
distress in reacting to normative daily life stagss leading to elevated physiological
stress reactivity and thus a susceptibility to jptgidliness. Similarly, dysregulated
physiological responses to stress have been noteduma survivors without psychiatric
diagnoses, including cortisol suppression (de Kéetl., 2007), and such dysregulation
is associated with physical morbidity.

The previously proposed mechanisms are avenuesioh wauma may
adversely impact health. However as this studyamass-sectional in nature, it is
unclear whether increased trauma led to impair@dtiner whether compromised health
predisposed the participants to trauma exposubhererlis evidence that biological
markers of physical disease are related to com@arcognitive function (Sparkman et
al., 2006), which may result in increased vulndiigttio experiencing a traumatic event.

For example, among veterans, lower cognitive gtditmilitary enlistment was reported
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to predict future alcohol abuse (Gale et al., 2@G0®&) in turn among women greater
alcohol use has been found to predict risk for (dpessman-Moore, Coates, Gaffey &
Johnson, 2008). It is thus possible that compredeognitive function may result in
engaging in behavioral risk factors for future treu This pathway is unlikely in the
relationship between childhood trauma and currégsigal health, but is a possibility
with relatively recently experienced traumas. Ehegechanisms were not examined in
the current study.

Depression - Disease Associations

In all models, depression had the strongest aglahiip to physical disease of any
predictor. This finding is in agreement with thellacharacterized literature
documenting a strong association between depreasiiilness, including IMIDs. For
instance, depression is three times more commdmermatoid arthritis patients than in
the general population (Dickens, McGowan, Clarkt&a& Creed, 2002) and has been
reported to predict physical health decline morergjly than other comorbid conditions
(Moussavi et al., 2007).

Multiple pathways may explain the relationship betw depression and both the
disease prevalence and functional decline comperadnhe physical disease outcome
variable in the current study. The cross-sectioadlire of this study does not allow
determination of causation, thus reciprocal retegiops between these constructs will be
considered. First, it is possible that in thisgdy elevated depression conferred risk for
both disease occurrence and worse physical funagorin support of this hypothesis,
baseline depression has been found to predictancel of inflammatory bowel disease
controlling for disease at study initiation (Leueak, 2005). In addition depression was
found to contribute to functional decline in patewith inflammatory-related diseases
such as hypertension and asthma (Kessler, Ormel]dd& Stang, 2003). Moreover in
women there appear to be genetic contributionseéahronic effects of depression on

disease (Kendler, Gardner, Fiske & Gatz, 2009).
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In contrast, there is evidence that disease sgusré risk factor for depression.
For example, in rheumatoid arthritis patients, fioral disability, disease activity and
duration are all predictors of elevated depresftmvic, Tyson, Spencer & Howe, 2006).
Research also suggests that depression and deeastated through a shared etiology
of inflammatory dysregulation. The elevated peenalh inflammation common to IMIDs
has been found in depression as well (Blume, Deugl&vans, 2011; Miller, 2009 for a
review), although the exact role of inflammatiordepression is still under evaluation
(Raison & Miller, 2011). Thus the current studida to the substantial literature of an
association between elevated depression and digskse newly returning female
veterans and future research could examine thetdinality of this relationship in this
population.

Post Traumatic Stress Symptom — Disease Assocgtion

There was partial support for the hypothesis tlataded post traumatic stress
symptoms would be related to negative health oussonBivariate correlations indicated
that all three PTSD subscales were positively eelad both IMID incidence and
functional decline, with relationships strongestftinctional decline. This is consistent
with report from Pacella et al. (2012) that PTSK aosttraumatic stress symptoms were
more strongly related to health symptoms than heh#tgnoses.

Results were mixed for the relationship betweerntpsnatic stress symptoms
and physical disease when examined through SEAMMong women who reported a
history of trauma, greater posttraumatic stresspggm report was found to be
significantly related to worse physical diseasd,dnly in a reduced model which
excluded depression. When depression was inclundin@ model, posttraumatic stress
symptoms were unrelated to disease, both whenragostatic stress symptoms were
modeled as a latent variable encompassing all alégssand when PTSD subscales were
examined individually (reexperiencing, avoidancd arousal). Moreover, in a reduced

model depression was found to mediate the reldtiprizetween posttraumatic stress
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symptoms and physical disease. In all models, grepression was related to worse
physical disease.

The significant relationship between posttraumstiiess symptoms and physical
disease in both bivariate correlations and theaedstructural equation model adds to
the well-developed literature documenting compr@aisealth in those with elevated
posttraumatic stress symptoms and PTSD, includingntly returned OIF and OEF
veterans (Andersen, Wade, Possemato & Ouimete, 20arian, Kimerling & Frayne,
2012). Moreover the posttraumatic stress sympteaith relationship has been reported
as being stronger in female veterans than femaikacis (Pacella et al., 2012).

The lack of relationship between posttraumaticsstsymptoms and physical
disease when variance due to depression is modaiddhus controlled, in the current
study is in contrast to a subset of previous reseir veterans. Frayne et al. (2004)
found increased physical diagnoses and worse dyfsiectioning in female veterans
with PTSD regardless of whether or not they regbcemorbid depression. Similarly,
in recently returned veterans, PTSD was positiveligted to primary-care provider
disease diagnoses (Andersen et al., 2010) andgalhgsease burden (Possemato, Wade,
Andersen & Oimette, 2010) after controlling for degsion.

In contrast, this study is consistent with pasbrepthat depression is a strong
predictor of disease in veterans with a historyraima. For instance, combat veteran
males with PTSD were three times more likely toehmetabolic syndrome when
comorbid depression was present (Jakovljevic eP@08). PTSD-depression
comorbidity has been associated with reduced fanictg above PTSD alone, including
in war veterans (Ginzburg, Ein-Dor & Solomon, 2Q18)oreover among veterans a
diagnosis of depression, but not PTSD, was assaktigith increased mortality after
controlling for demographic factors and medical coondity (Kindler et al., 2007).
Hence although there are numerous studies documgemttrong relationship between

posttraumatic stress symptoms and health compraaiftisecontrolling for the variance
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due to depression, there is empirical support épression or PTSD-depression
comorbidity having a stronger relationship to phgbkdisease than PTSD or
posttraumatic stress symptoms alone.

The impact of depression on the relationship betEESD and physical disease
is important to consider given high rates of PTSdpr@ssion comorbidity (Keane &
Kaloupek, 1997; Kessler et al., 2005). The etiglofjthis comorbidity was explored in a
longitudinal study of the sequential relationshgtviieen PTSD and depression in war
veterans (Ginzburg et al., 2010). A prolonged fpasimatic stress response was found to
precede and possibly influence development of coidatepression. In turn, negative
affective states of depression and anxiety con&ase risk through both biological and
behavioral pathways (Cohen, Janicki-Deverts & MjlIR007). Results of the current
study suggest that physical disease may be manegtyrrelated to the occurrence of
depression following protracted stress than tqothet traumatic stress itself.

Negative affectivity may be a key factor in undansting why posttraumatic
stress symptoms were unrelated to physical healtifei presence of depression. A two-
factor structure of internalizing disorders hasrbeported, consisting of fear and
distress (Kendler, Prescott, Myers & Neale, 2003t&/n, 2005). In these models, the
distress disorders include depression, dysthynii&R and generalized anxiety
disorder, and the common distress has been ded@goeegative affect. Thus there is
emerging evidence of a trans-diagnostic negatifecfactor in both PTSD and
depression (Post, Zoellner, Youngstrom & Feeny12@&Imms et al., 2002). Negative
affect, in turn, has been reported to be a stroadigtor of both medical conditions and
symptoms (Vassend & Skrondal, 1999). As previodggussed, SEM models allow for
exploration of multiple construct relationshipsoime analysis, thus examining
relationships while accounting for multiple otheusces of variability. It is possible that
in the full model the effect of negative affectmimysical disease was represented by the

relationship of depression with disease and thatsstitally removed from the
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posttraumatic stress symptom - physical diseasgioakhip. In this scenario the
posttraumatic stress symptom — physical diseaagaeship would have been largely
due to either negative affectivity or another camndtoverlapping with depression.
Physiological disease indicators and health belhswviay represent mechanisms
by which depression or negative affect may medlaeaelationship between PTSD and
physical disease. First, depression may mediatadbociation between trauma and
physiological markers of disease. Among surviadrslurricane Katrina, heart rate
variability to trauma reminders was more stronghated to depression than PTSD
(Tucker, Pfefferbaum, Jeon-Slaughter, Khan, & Gar&®12). The authors describe the
contribution of heart rate variability to cardiasehse. Data from the current study
indicate that both trauma and depression wereegtkat greater physical disease,
including cardiac disease. Thus it is possiblé dn@aong the participants of the present
study, depression influenced physiological disesdefactors. In addition, depression
may mediate the trauma — disease relationshipflueimcing health behaviors. In the
recent Heart and Soul study, PTSD was relateddgatgr smoking and medication non-
adherence in cardiovascular disease patients. ek#evthe PTSD — health behavior
relationship was fully explained by adjustmentdomorbid depression (Zen, Whooley,
Zhao & Cohen, 2012). The results of these stuaesell as the current investigation
suggest that depression plays an equal or lar¢gethran PTSD in maintaining the effects
of traumatic stress on the body through mechangarok as dysregulated physiological
disease markers and poor health behaviors anactmisrring risk for disease. These
mechanisms were not examined in the current studyaddition, it is also possible that
PTSD mediates the relationship between depressidmplaysical disease in this sample
of female veterans; however this relationship watseplored in the current study.
Since this mediation relationship was not explotkd,relative contributions of PTSD

and depression to physical disease remain uncertain
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Finally, it is possible that the relationship beénd®TSD and physical disease is
confounded with physical injury sustained at timeetiof a traumatic event, as combat
injury is predictive of both PTSD and depressioni€Ger et al., 2006). However
previous research also suggests a robust relatphshween PTSD and physical health
problems in veterans after adjustment for traunstessor-related physical harm risk
factors including extent of physical injury (Hogeerhakopian, Castro, Messer & Engel,
2007) and chemical exposure (Jakupcak, Luterekt,Hionybeare & McFall, 2008).
Thus although the current study did not examinectwribution of injury to the PTSD-
disease relationship, there is previous supporthi@icontribution of both PTSD and
depression to physical disease regardless of #sepce of traumatic stressor-related
physical injury.

Maladaptive Repetitive Thought — Disease Assoaiatio

Contrary to hypotheses, the posttraumatic strasp®ym-MRT interaction was
unrelated to physical disease in all models. bhitexh, MRT as a stand-alone variable
was unrelated to physical disease in a parsed ntioatedlid not include depression.
When depression was included in the model, redR@ was associated witreater
physical disease. Moreover this negative relatignbetween MRT and physical disease
was significant, albeit small, when controlling fditional covariates of childhood
trauma and health behaviors. Thus results ofstinidy did not support the perseverative
cognition hypothesis that increased MRT is relatedompromised health outcomes
(Brosschot et al., 2006).

The lack of relationship between the PTSD and MR&raction term and physical
disease was contrary to expectations. Previoesrels has suggested that the
relationship between MRT and physical disease neagxXacerbated by trauma-related
distress. For instance, MRT has been reportedoas frequent in depressed patients
with PTSD than depressed patients without PTSDtoawana history (Birrer & Michael,

2011), suggesting that either trauma or a PTSDtimato the trauma was more strongly
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related to MRT than depression. Moreover the auigve effects of anxiety and MRT
were found to predict difficulty in disengagingeattion to threat in an experimental
paradigm (Verkuil, Brosschot, Putman & Thayer, 2008ontinued engagement with
threat stimuli could maintain physiological dissdbkat is related to disease, suggesting
that a posttraumatic stress symptom — MRT intesacthould be related to greater
disease. Statistical difficulties with interactitamms represent an explanation for the
lack of relationship between the posttraumaticsstigymptom - MRT interaction and
physical disease. The product variable used toefrtbé interaction effect will always be
less reliable than the original variables, and thaxge reduced power of detecting
interaction effects (Dimitruk, Schermelleh-Engeél&va & Moosbrugger, 2007). As
such, it is possible that the reciprocal relatigpdietween posttraumatic stress symptoms
and MRT does exist in this population but thatwlag it was operationalized in the
current study was underpowered to detect this effec

When the stand-alone MRT variable was modeled witdepression, MRT was
unrelated to physical disease. This is in contsat$t previous work which has reported
that MRT, including brooding rumination, is asséethwith poor health outcomes
(Fortune et al., 2003; Holman et al., 2008; Sieglal., 2004). Moreover in the present
study, MRTwasrelated to both increased disease incidence acréaked physical
functioning when examined through bivariate cotretes which did not control for
depression, childhood trauma or health behavitins. possible that MRT as measured in
this sample was not as salient a predictor of mlayslisease than other constructs in the
model such as childhood trauma or health behaviorontrast, MRT as measured by
several repetitive thought questionnaires has bmerd to adversely impact immune
response and this relationship was not mediatedepyession (Segerstrom, Schipper &
Greenberg, 2008). It is thus possible that MRif igct related to physical disease
independent of depression but was inadequatelyumed this study to detect such a

relationship.
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In analyses that included both MRT and depresg@vations in MRT were related
to better health. This finding is initially countguitive. However there are several
potential reasons for the negative relationshigvbeh MRT and physical disease when
statistically controlling for depression. Firgtndar to the PTSD-health relationship
above, the inclusion of a depression factor intieglel may have statistically removed
negative affect from MRT. While the exact natuf@ &IRT variable parsed for negative
affect is unclear, consideration of the functiod &alence of repetitive thought may
provide some clarity. As was described previouslg,valence and function more than
total amount of repetitive thought has been deedris influential to both mental and
physical health (Kashdan, Young & McKnight, 2012g8rstrom et al., 2010). MRT is
generally beneficial when the valence is positind/ar the function is error correction or
goal attainment. It is possible that MRT with niagaaffect controlled in this model
reverts to conceptually resemble a beneficial fofmumination such as the Reflection
subscale of the Ruminative Response Scale, a thduch was endorsed by the scale
author, Dr. Nolen-Hoeksema (personal communicaBdtt/2012).

One mechanism by which adaptive repetitive thoegltd influence physical
disease is through regulation of negative afféeta prospective study, Kashdan et al.
(2012) found that adaptive repetitive thought waisctirrently related to greater negative
affect but prospectively predicted less negativecaf Conversely, negative affect was
not related to future repetitive thought (Kashdaale2012). Similarly, Watkins (2004)
found greater emotional recovery from an upsewent among individuals randomized
to an adaptive, experiential repetitive thoughtdibon versus those in a maladaptive
conceptual-evaluative condition. If adaptive répat thought serves to reduce future
negative affect, it may also reduce the long-tehysplogical wear and tear of negative
affect and be protective against physical dise&ssupport of this hypothesis, previous
work has suggested a protective effect of adapépetitive thought on physiological

disease correlates. Segerstrom et al. (2008) fthatdvhile MRT was associated with
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poorer antibody response to a vaccine, adaptivetitee thought was related to a better
antibody response. Hence it is possible thatiggtudy repetitive thought with
depression controlled mitigated the effect of sirémading to reduced physical disease.
As the current study variables were measured atioreepoint, the effect of repetitive
thought on future depression and health could aahbasured.

The cross-sectional nature of this study meansthieatelationship between
repetitive thought and physical health are con@tell and directionality of causation is
unclear. As a result, the effects of physical disean repetitive thought need to be
considered. A second hypothesesis for the negaglagonship between repetitive
thought and physical disease is the effect of ds@a psychological functioning. As
discussed previously, poor somatic health cantr@sukegative psychological outcomes.
Segerstrom, Roach, Evans, Schipper and Darvill@QRBypothesize that increased
distress may result in elevations in both MRT alibatnegative mood and adaptive
repetitive thought such as emotional processirgytasl to reduce the distress. However
this hypothesis cannot be examined in the curiteiyssince the model with depression
as a mediator of the relationship between repetitnought and physical disease
exhibited poor model fit.

Health Behavior — Disease Associations

In the current study, health behaviors were propdsenediate the relationship
between the PTSD x rumination interaction and ptajslisease. As the interaction was
unrelated to disease, this hypothesis was not exaimiHowever structural equation
models did explore the individual relationship atk health behavior (sleep, alcohol use
and smoking) with physical disease. Analysis ciatas included posttraumatic stress
symptoms, MRT, childhood trauma and, in all but oredel, depression. In structural
equation models sleep was negatively related tgipalydisease as predicted, but only in
a reduced model which excluded depression. Inth#ranodels sleep was unrelated to

physical disease. Moreover depression was foufaliomediate the relationship
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between sleep and physical disease. Alcohol usecassistently related to physical
disease, but in the opposite direction than predidower levels of alcohol use were
related to greater disease. Also contrary to thgses, smoking was unrelated to
physical disease in all models. These unexpeatdthfis may be due to the moderate
average levels of all three health behaviors replart this study, with modest deviations
from those means (as shown in Table A4). It issfiods that participants were
underreporting poor health behaviors and that slke®pking and alcohol use are in fact
independently related to worse physical healttnis population.

Since the negative health outcomes associateddigitirbed sleep are well
characterized (Taylor, Lichstein & Durrence, 2008)vas unexpected to only find this
relationship in a model which excluded depressilonprevious research, self-reported
sleep has been independently associated with infory disease risk above the effects
of depression in women (Ayas et al., 2003) ancat has been reported as a mediator in
the relationship between depression and diseasgy(@sch et al., 2010). In contrast,
model analyses from the current study suggesirtfatnale veterans, depression may
mediate the relationship between sleep and phydisahse. This finding is partially
supported by recent data examining the relationseipreen sleep, depression and pain
in rheumatoid arthritis patients (Irwin et al., 201 Similar to the current study, in the
arthritis patients sleep loss was related to irsgdalepression. However the authors also
report that sleep disturbance predicted worse siseslated functioning in the form of
pain and that the sleep-pain relationship was restiated by depression. In contrast,
among female veterans in the current study datgesighat the relationship between
sleep and physical disease was fully mediated pyedsion. The measurement of sleep
may be a key factor in understanding the lack dépendent association between sleep
and physical disease. While sleep was definedarctirrent study by a single item
assessing the average number of hours per day étvdl. evaluated severity of sleep

disturbance through the Pittsburgh Sleep Qualidgin(Buysse, Reynolds, Monk,
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Berman & Kupfer, 1989) and studies which operatii@aed sleep as persistent sleep
problems (lasting over one year) were also likelprtedict disease (Nicholson, Fuhrer &
Marmot, 2005). It is possible that sleep probleawsluated in such formats would be
associated with disease in the current participaAtsother possible explanation is the
overlapping influence of depression and sleep enrtflammatory pathways believed to
play a role in IMID onset (Irwin, Olmstead, Ganz-Haque, 2012; Joynt, Whellan &
O’Connor, 2003). It is possible that in this stuthpression represented these
physiological processes more strongly than sleep.

In contrast to the effects of sleep with physidakdse, alcohol use was
consistently related to physical disease in theetuirstudy. However contrary to
hypotheses alcohol was negatively related to phaysisease, and the relationship was
roughly linear. Recently substance use disordectjding alcohol use, have been found
to be associated with increased odds for mediegndises in newly returning OIF / OEF
women, although PTSD was found to be more stroreghted to medical diagnoses than
substance use disorders (Nazarian et al., 201123. mModerate use of alcohol reported by
the current sample (1.5 drinks per day) may hefgaex the direction of this relationship.
There is evidence that low to moderate alcohol gowgion is related to lower levels of
inflammation markers in arthritis patients (Rosememedsson & Kapetanovic, 2012).

It is thus possible that moderate alcohol use és¢lfemale veterans was protective of
IMIDs and physical functioning through regulatiointioe physiological markers
associated with IMIDs.

The hypothesis that smoking would be related ta pealth outcomes was not
supported. Specifically, smoking was unrelateghgsical disease in all models. This is
contrary to a significant literature which has fdwmoking to predict disease, including
IMID incidence, and associated physiological dystation. For instance, smoking has
been associated with both an increased risk ofmiagnid arthritis (Klareskog et al.,

2006) and the increased inflammatory response m$sdavith arthritis (Roseman et al.,
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2012). However the above studies did not accfaurthe possible variance due to
depression. Zen (2012) found that the relationbbipveen PTSD and cigarette smoking
was largely accounted for by adjustment for depoessThus it is possible that in the
current study cigarette smoking is not indepengeagkociated with physical disease
above the effects of depression. However anotbssipility is that this study was
underpowered to detect the relationship betweerksmg@nd physical disease, as
cigarette use was unexpectedly minimal in this damm addition, operationalization of
smoking as current packs per day may have inflieetiee relationship with disease. Zen
et al. (2012) measured tobacco use as mean packogfesmoking, thus it is possible that
this construct would be more strongly related sedse outcomes measured in that
format. It is also possible that cigarette use waderreported in the current study,
making results more difficult to interpret.

Taken together, the results from the primary amdisgary analyses suggest that
in newly returning female veterans with a histofyrauma exposure, physical disease is
associated with greater depression, childhood taglou lower levels of repetitive
thought and alcohol use, after accounting for dates. Unexpectedly, smoking, sleep
and the interaction between post traumatic stygsptom and MRT interaction were
generally unrelated to physical disease in thispgamThe relationship between greater
levels of both depression and childhood trauma wéhlth compromise is well
characterized in the literature. The lack of aspamtion between the interaction of
posttraumatic stress symptoms and MRT and phydisahse may be due to reduced
statistical power inherent to interaction terma absence of relationship between
posttraumatic stress symptoms and physical dissggsears to be explained by
adjustment for depression. The unanticipated figdihat physical disease is related to
lessMRT may be a result of MRT parsed for negativeetftoming to conceptually
resembleadaptiverepetitive thought. An adaptive form of repetitth®ught may have

been protective of disease processes, as hasdamhlby previous studies. Conversely,
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those with greater physical disease may be moedylik use adaptive repetitive thought
to cope with disease-related stressors. Thbswdh support was not found for the
Perseverative Cognition Hypothesis, the resultvisfstudy have relevance to
relationships between women'’s emotional and phykealth, and for female veterans in
particular.

Implications for Clinical Practice

Female veterans represent a historically high 20%@w military recruits (Yano
et al., 2010) and over 44% of OEF / OIF female negte have enrolled for VA health
care (Hayes & Krauthamer, 2009). Many female VAquds have compromised
functioning, are intensive users of VA services hade a high rate of retention within
the VA system (Friedman et al., 2011). Moreoveduced quality of interventions for
female versus male veterans has been noted (Y&@®0).2 Accordingly, investigators
working with female veterans have noted the needefsearch which examines
relationships between mental and physical healtiditions to inform sound clinical
practice (Yano et al., 2011).

This study addresses these goals by describing/lsehband psychological
factors which are associated with physical diseasemale veterans. Specifically,
depression and repetitive thought were found teeladed to disease, and both are
modifiable through psychosocial intervention. Ressaof this study reinforce that these
constructs may be important to address in psychalsaterventions with women who
have either experienced trauma, are coping witing-term disease or both. This is
important as trauma-related psychopathology is ligirimary-care settings but medical
providers often feel they do not have the resoutcesldress the disorder (Gill &
Szanton, 2011). Moreover female veterans ardiledg than male veterans to be
screened for depression, especially in primary saténgs (Yano et al., 2011). The
relationship between depression and physical desieahis study supports the urgency to

both screen and provide intervention for women wl#vated depressive symptoms.
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In a review of the consequences of repetitive thoug/atkins (2008) notes that
while the harmful consequences of maladaptive rpethought are well-documented,
there is a relative paucity of research documerthiegeffects of adaptive repetitive
thought. He noted that benefits of adaptive réipetthought in extant studies include
cognitive processing of trauma-related distrespravements in depressive symptoms,
and adoption of health-promoting behaviors. Inigald adaptive repetitive thought has
been associated with improved regulation of phygjigial disease markers (Segerstrom
et al., 2008). However little has been publishedh® relationship of adaptive repetitive
thought with established disease and physical fomictg outcomes. Moreover,
researchers have described the specific needtiwantions tailored to trauma survivors
with associated physical comorbidities (Seng, 201This study expands the current
literature by suggesting that since greater phy/slisease is associated with less adaptive
repetitive thought and greater depression, therebwalinical utility in implementing
interventions which address these factors.

Adaptive repetitive thought has been characterézedctive reflection on
corrections that can be made to past mistakesrrétae focusing on the implications of
failure, as well as non-judgmentally and fully especing the distress associated with
such upsetting events (Kashdan et al., 2012). A= of existing interventions
facilitate adoption of these qualities. For examgbme aspects of adaptive repetitive
thought have been reported to be similar to thelpspgical state of mindfulness, which
can be defined as focusing one’s attention on thegmt moment in a
nonjudgmental/accepting way (Kabat-Zinn, 1994) as/and Segerstrom (2011) found
that adaptive repetitive thought in the form ofipesly-valenced repetitive thought was
significantly associated with mindfulness qualiteégiescribing, being non-judgmental
and non-reactive and acting with awareness. Mindss-based interventions have been
shown to improve regulation of immune response (@on et al., 2003), reduce

psychopathology and improve well-being (see Ba@d3Zor a review). Moreover
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mindful attention has been associated with resiben trauma survivors (Bernstein,
Tanay & Vujanovic, 2011).

A number of mindfulness-based interventions haenlzkeveloped with
empirically demonstrated benefits in patients witihonic medical and / or psychosocial
problems, including Mindfulness-Based Stress Radug¢Kabat-Zinn, 1990),
Mindfulness-Based Cognitive Therapy (Segal, Willsa@& Teasdale, 2002), Acceptance
and Commitment Therapy (Hayes, Strosahl, & Wilski#99) and Dialectical Behavior
Therapy (Linehan, 1993). Some of mindfulness-basdventions also address the
problem-solving aspect of adaptive repetitive thawghich encompasses reflection on
mistake correction. For instance, Acceptance amu@itment Therapy emphasizes
values clarification and increasing value-guidedawor, skills which enhance one’s
ability to correct problematic behavioral pattern§hus psychosocial treatments which
facilitate increases in adaptive repetitive thoughth as mindfulness interventions, may
provide psychological and possibly physiologicahéfé to patients with trauma-related
psychopathology and medical disease comorbidity.

Limitations

The results of the current study must be interprétdight of certain limitations.
The sample for the current study was largely CaanasAlthough the sample is
representative of the geographic area from whighag drawn, it is not representative of
the diversity of the larger nation, limiting genlezability of study findings. Since
significant differences were found for ethnic greum the outcome variable of IMID
diagnosis, it would be informative to examine tékationship between ethnicity and
disease outcomes in a more representative sampla. example, participants reporting
an ethnicity of Native American reported more IMliagnoses than those reporting
ethnicities of Asian, Black, Caucasian, Multi-raweOther, a finding that is similar to
previous reports of inflammatory disease incidendbose reporting a Native American

heritage (Del Puente et al., 1989). As Native Aoaer participants were



83

underrepresented in this study (.3% of the sampi¥eduld be helpful to see whether this
effect remains in a more diverse sample. Moretwetimited representation of ethnic
groups other than Caucasian precluded subgrougsasain the current study.

The study design represents another limitatiorl.m&asures were collected at
one time-point and were self-report in nature. Gluss-sectional study design precludes
understanding of the direction of relationship ametudy variables. As all relationships
are correlational in nature, causation cannot beraened and the study should be
considered exploratory in nature.

The measure of health by self-report rather thdependent verification by a
physician or medical record represents anotheriderable limitation. Self-reported
health may bias results as it has been suggesteltwre strongly related to negative
affectivity than objective disease (Watson & Perkeinal989), However, recent
research has suggested that while distress do&socte to self-reported health,
objective health is significantly related to sedported health after controlling for
negative affect (Vassend & Skrondal, 1999). Initaaldl self-rated health is a salient
predictor of health service utilization (BosworBuytterfield, Stechuchak & Bastian,
2000), suggesting that although flawed, it stils lehnical utility.

One hypothesis of the current study was that traamé related distress, would
contribute to the number of IMIDs and associategsmal function decline. Thus ideally
IMID onset and related physical function declinewdobe included only if initiated post-
trauma. However, as a measure of premorbid heaghnot available in the present
study, physical disease and physical functioningrgo the trauma experience was not
available and could not be controlled. Inclussbma childhood trauma variable did
account for very early trauma exposure, but a maenced measure of pre-trauma
health would be useful in future studies.

Relatedly, the assessment of trauma history reptes@other limitation of this

study. In the current study, the wording of quesiassessing trauma history precluded
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definitive categorization of early versus late treas. Since disease occurrence and
related functional decline may increase with a gneamount of time since trauma
occurrence, future research should explicitly as#ies number of years since the
participant’s first traumatic experience.

MRT in this study was operationalized by a reldyivwief 5-item measure
representing just one form of repetitive thoughtdaling rumination. In the current
study, an association between MRT and physicabdes&as not found when depression
was not included in the model. While other studiage found maladaptive rumination
to be related to both disease incidence and plogital disease markers, in those studies
rumination was measured with multiple scales (®igigloore & Thase, 2004; Zoccola,
Dickerson & Zaldivar, 2008). Thus in the curretudy additional measures of repetitive
thought may have allowed detection of a relatiopsl@tween MRT and physical disease.
In fact, researchers have emphasized the importanegng a number of measures to
represent the multiple dimensions of repetitiveutiia (Segerstrom et al., 2003). In
addition, since adaptive rumination measures wet@vailable in the present study,
comparisons could not be made among the diffedamdi@ionships of maladaptive and
adaptive repetitive thought to physical disease.

The operationalization of health behaviors (sled@hol use and smoking) with
a single item each represents another limitaticth@fcurrent study. Sleep was defined in
the current study as the average number of howskeep per day, and in structural
equation models this item was found to be unreladqahysical disease when depression
was included as a covariate. It is possible thatreate measurements of sleep would
have been more likely to predict disease, sucteesigtent sleep problems or the use of
validated measures of sleep quality. Greater alcove as measured by drinks per day
was found to be related to less disease in therusample, contrary to predictions. A
more precise definition of alcohol use, such asngraf alcohol per week (Roseman,

Truedsson, Kapetanovic, 2012), or measurementohal use disorder rather than
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alcohol use (Nazarian et al., 2012) may have alibdetection of a relationship between
elevated alcohol use and greater physical diseabe icurrent population of female
veterans. In addition, in this study smoking wageelated to physical disease in all
models. While smoking was measured as currentsgaekday in this study, a smoking-
disease relationship may have emerged with alteffioains of operationalization, such as
mean pack years of smoking (Zen et al., 2012).

Similarly, the operationalization of physical diseancidence as the number of
IMIDs diagnosed represents another limitation ef¢hrrent study. Disease incidence
has been defined in this way in past researchteraes and found to be significantly
related to posttraumatic stress symptoms (Bosca2id@4). However it is unclear
whether incremental increases in diseases diagnssel as from 2 to 3 diseases, truly
represent greater underlying physical pathologge Gurrent interpretation of IMID
incidence is meant to give a broad overview ofrtationship between physical disease
and both psychological and behavioral risk factordlustrate the need for additional
investigations of these concepts. Future researgld atilize alternate definitions of
disease incidence, such as biological measuresrtine dysregulation.

The current study explored the relations betweesttfaumatic stress symptoms,
MRT, depression, childhood trauma and health benawith physical disease.
However, although the study models evidenced gipthére are many untested models
which would include additional salient predictofgbysical disease. Additional
theoretical models should be explored so that camgpexplanations of psychosocial
predictors of disease can be tested.

Future Directions

A number of future directions are suggested byctireent study. Further studies
should attempt to replicate the current findinga imore diverse sample of participants to
determine how well the model presented here gamesalo other individuals, measures

and designs. For instance, substance use in thentsample was relatively moderate
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and may not represent substance use in other ssurfgi@uma-exposed individuals. It
is also possible that substance use was underegpiorthis study. Thus it may be useful
for future research to examine the relationshipvben repetitive thought, posttraumatic
stress symptoms and depression in participantsaniistory of trauma and reporting
greater substance use. In addition, as there aviem@ted number of inflammatory-
related diseases included in this study, it maydedul to examine these relationships
with inclusion of a greater array of inflammatongatders accompanied by physician
verification of the medical condition or biologiaaleasures of physiological
dysregulation.

Inclusion of additional measures of repetitive thjlaiuto represent more nuanced
dimensions of this construct would clarify the telaship between repetitive thought and
physical disease. For example repetitive thoughstructs which have been explored by
other researchers include emotional processingisioins associated with trauma, worry,
rumination and reflection (Segerstrom et al., 2fiiFxamples of measures). There are
examples of relatively new measures which have designed to specifically address
both maladaptive and adaptive forms of repetithaight. For example, the Event
Related Rumination Inventory (Cann, 2011) was dexigo assess both trauma-related
intrusive thoughts and deliberate problem-solvionguted thought.

Longitudinal studies would allow sorting of truskifactors from co-occurring
phenomena. For example, although it makes seasadhaptive repetitive thought could
be protective of physical disease, it is also likblat physical disease could result in a
reduced capacity to engage in repetitive thougfht also possible that a third variable,
such as dysregulated immune markers, underliegidhomena. Moreover this study
unexpectedly found that PTSD was not related tsighy disease when depression was
included as a covariate. It may be useful to exarthie contribution of PTSD to health
when premorbid depression is controlled. Crosgddgstudies can explore temporal

influences on these constructs.
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The current study examined repetitive thought mdke veterans. Military
training and combat-related service involve inceglagigilance and attentiveness which
can be adaptive to task achievement. Such viglamgy be related to especially
adaptive forms of repetitive thought. Future resle@ould examine the relationship of
military-related attentional focus and repetitileught, including whether vigilance
training is related to changes in repetitive thdughm, function or frequency. For
example, the focus of attention between militatgratveness and the repetitive thought
construct examined in this study is likely to diffevith military-related attentiveness
focused on activity outside the self versus thefeelus of repetitive thought. On the
other hand, it is possible that military vigilartcaining promotes an active, solution-
seeking thought pattern that promotes adaptive matadaptive self-focused repetitive
thought patterns. These relationships could béfieldrn future studies. In addition,
future work could examine the prevalence of difféferms of repetitive thought in
military populations and whether the rates of riépetthought differ between military
and civilian populations.

Empirical investigation of relationships betweepettive thought and aspects of
physical health and functioning may be useful. iRstance, repetitive thought type
could be manipulated, using a paradigm similar &tkivis (2004) in which participants
write about a failure experience, either evaluathrgfailure (“Why did you feel this
way?”; maladaptive repetitive thought) or direahperiencing the failure (“How did
you feel moment-by-moment?”; adaptive repetitiveuiiht). Groups could be compared
on dimensions of physical functioning, such as ppairception, self-rated health, or an
objective measure of physical function such asessttest.

Past research has found childhood trauma to beiassw with chronic disease
after controlling for effects from associated pygathology. The current study extends
the research by suggesting that the relationshghibdhood adversity and disease may

also be independent of behavioral patterns, hgaaeite and alcohol use and repetitive
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thought style. Research is needed to elucidatitiawial pathways by which early life
experiences may affect chronic disease status layglgal functioning.

Finally, this study did not examine the possiblatabution of physical injury
sustained during a traumatic stressor to the oglahiip between PTSD, depression and
physical disease. Inclusion of severity of phylsprablems would assist in clarifying the
relationship between traumatic stress and health.

In conclusion, the results of this study of femad¢erans are consistent with the
hypothesis that physical disorders and relatedtiomal decline are greater in trauma-
exposed individuals and that depression, childiomana and repetitive thought have
independent associations with physical diseaséhofAbh the cross-sectional nature of
these data precludes strong causal inferenceg#iuéts are consistent with current
theories of a protective effect of adaptive repetithought on physical disease and
functioning. Results of this study suggest thataty be useful to examine the effects of
interventions which increase adaptive repetitivautiht on both disease occurrence and
physical functioning. It also indicates a needftdure studies to investigate the
prospective role of trauma-related distress andtiiyge thought in predicting a range of
chronic physical conditions, while taking into aogabthe long time frame for the
expression of associations between these riskriaatal later disease and functioning

outcomes.
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APPENDIX A: TABLES

Table Al. Constructs and Measures for Current linyaison.
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Variables Measure Subscale(s)

Predictor Variables
Posttraumatic Stress

Symptoms PCL Intrusions, Avoidance and Arousal

MRT RRS Brooding Rumination

Depression PHQ-9

Childhood Trauma CTQ

Health Behaviors MCSQ Smoking, Alcohol Use andefle
Outcome Variables

IMID MCSQ

Physical Functioning SF-12 PCS
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Table A2: Demographic Characteristics of the St8dynple (N=661)

Variable M (SD)
Age 37.9 (10.4)
Annual household income $79,540.13 ($58,031.77)
Variable %
Education

Less than high school 2

High school graduate 28.6

Some college or technical training 16.7

Associates degree, nursing or college

graduate 39.5

Post-graduate degree 14.6
Employment

Work full-time 65.1

Work part-time 14.4

Currently looking for work 6.9

Retired from civilian employment 1.1

Unable to work due to physical

health difficulty 2.0

Unable to work due to emotional

health difficulty .8

Unable to work for another reason 4.5

Relationship Status
Single, never married 27.1
Married, living with a spouse 49.6
Married but separated 1.7
Married but geographically separated
Living with a partner 1
Divorced 18
Widowed 1.

Ethnicity
American Indian 0
Asian 1.
African American or Black 15.9
Native Hawaiian or Pacific Islander 0.5
Caucasian 7
More than One Race
Other 1.5

Deployment Category
Never deployed 21.2
Deployed elsewhere (never to
Irag or Afghanistan) 26.0
Deployed to Iraq or Afghanistan once 40.9
Deployed to Iraq or Afghanistan more
than once 12.0
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Table A2 - Continued

Variable %

Trauma Experiences Reported

Serious accident, fire or explosion 41.5
Natural disaster 43.3
Non-sexual assault 18.8
Attempted sexual assault 29.1
Forced sex 26.1
Imprisonment 2.3
Life-threatening illness 9.6
Witnessed someone being seriously injured 40.9
Witnessed someone being killed 16.2
Seen a dead body or human remains 72.1
Sudden death of a close friend or relative 78.1
Care for wounded soldiers 38.6
Sight, sound or smell of someone dying 59.3
Receiving incoming artillery, rocket

or mortar fire 48.6
Engaged in direct combat, discharged

your weapon 5.9
Responsible for the death of an enemy

combatant 1.8

[ll or injured civilians you were unable

to help 22.6
Been wounded or injured 9.0
Cleared or searched homes or buildings 7.7

Had an IED or booby trap explode near you 13.9
Felt you were in great danger of being killed 33.6

Interacted with enemy POW soldiers 14.7
Been responsible for body searches 14.8
Left by members of your unit during

a mission 2.0
Observed children being run over by

vehicles 2.7

Other traumatic events in military or
civilian life 15.9




Table A3: Clinical Characteristics of the Studyripde (N=643)
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Variable %

Inflammatory-Related Disease

Fibromyalgia 2.0
Rheumatoid arthritis 2.7
Lupus 0.0
Crohn’s disease 0.2
Ulcerative colitis 0.0
Chronic fatigue syndrome 0.5
Cardiovascular disease 14.4
Distress
PTSD 14.8

Depression 16.7
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Table A4: Means, Standard Deviation and Zero-o@arelations among Study Constructs.

Construct MeanS.D. 1 2 3 4 5 6 7 8 9 10 11
1. IMID Total .20 .50 x

2. Physical Functionifg 50.03 9.18 -.26**.82

3. Reexperiencing 7.27 3.44 11**-.27*88

4. Avoidance 10.17 5.05 .15**-.30** .76**88

5. Arousal 8.31 4.47 .12** 29** .66** .75**.87

6. MRT 8.72 2.85 .10**-.11** .36** .39** .41** 81

7. Depression 11.81 4.80 .18** -.45** .53** .66**69** .46** .88

8. Childhood Trauma 10.08 4.08 .18**-.17* . 17*20** .14** .20** .21** .80

9. Smoking .28 .70 -.01 -.08* .09** .10* .08* .01 .07 -.02 x

10. Alcohol Use 153 155 -.01 .15** .04 .09* .09*11* .04 -.00 .21** X

11. Sleep 6.72 1.45 -.13** [19%* - 19%* - 22%% _p* - 17** - 32**-12** -.02 .06 X

Note. N- 643. Coefficients alpha are on the diagonal ildfaxe; “x” indicates that measure is a single itdms alpha cannot
be computed. Correlation is significant at p <. 05; Correlation is significant at p < .0fIndicates scale is reverse-keyed
when included in model analyses.
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APPENDIX B: FIGURES



Figure B1: Measurement and Structural Model fdaiens Between Posttraumatic Stress Symptoms,
Maldadaptive Repetitive Thought, Depression, Clotmd Trauma, Health Behaviors
and Physical Disease.

Smoking Alcohol Use Sleep

Reexperiencing

IMID
Prevalence

Posttraumatit
Stress
Symptoms

Physical
Disease

Avoidance
.82**

.89*%

Functional
Disability

Arousal

MRT
X . Childhood
Posttraumatic Stregs MRT Depression Trauma
Symptoms

Note.** p<.01. Standardized path coefficients are shown.
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Figure B2.  Structural Model for Relations Betwdsttraumatic Stress Symptoms, Maladaptive
Repetitive Thought, Childhood Trauma, Health Betvavand Physical Disease.

Smoking Alcohol Use Sleep

.07 - 17**
Posttraumati 3%k _

MRT Childhood
| 00
P X MRT
osttraumatic Streds Trauma
Symptoms

Note. ** p< .01. Standardized path coefficients are shown.
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Figure B3.  Structural Mediation Model with Poattmatic Stress Symptoms as the Predictor,
Depression as Mediator and Physical Disease aso®etVariable.

Depression

.39%*
Posttraumatic _
Stress .04 Physical
Symptoms Disease

Note. ** p< .01. Standardized path coefficients are shown.
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Figure B4. Structural Mediation Model with Slegpthe Predictor, Depression as Mediator. and
Physical Disease as Outcome Variable.

Depression

.39%

Physical

Disease

Note. ** p< .01. Standardized path coefficients are shown.
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APPENDIX C: MEASURES

Ruminative Responses Scale (RRS): Brooding Runon&ubscale

Now | am going to read you some statements ab@ggtpeople sometimes say and do
when they are feeling distressed. Please tell et wou generally do, not what you
think you should do.

1 2 3 4

Never Sometimes Often Always

Think “What am | doing to deserve this?”
Think “Why do | always react this way?”
Think about a recent situation, wishing it had gbeter.

Think “Why do | have problems other people donvé’

a & w0 npoE

Think “Why can’t | handle things better?”
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PTSD Checklist (PCL)

Now | am going to read a list of problems that gegmmetimes have after experiencing
a traumatic event. I'd like for you to rate eachlgem with respect to your experience
of (traumatic experience). | will ask you to telerwhich best describes how often that
problem has bothered you in the past last month.

1 2 3 4 5

Not at all A little bit Moderately Quite a bit Extmely

(In the last month...)

1. How often have you had repeated, disturbing memaptimughts or images of a
stressful experience from the past?

2. How often have you had repeated, disturbing dreafrasstressful experience from
the past?

3. How often have you suddenly acted or felt as ifrassful experience were happening
again (as if you were reliving it)?

4. How often have you felt very upset when sometherginded you of a stressful
experience from the past?

5. How often have you had physical reactions (e.@rth@ounding, trouble breathing,
or sweating) when something reminded you of a sluésxperience from the past?

6. How often have you avoided thinking about or tagkabout a stressful experience
from the past or avoided having feelings relateit*o

7. How often have you avoided activities or situatibesause they remind you of a
stressful experience from the past?

8. How often have you had trouble remembering impanpants of a stressful
experience from the past?

9. How often did you experience loss of interest ingk that you used to enjoy?
10.How often have you felt distant or cut off from ettpeople?

11.How often have you felt emotionally numb or unatoldave loving feelings for those
close to you?

12.How often have you felt as if your future will sohwev be cut short?
13.How often have you had trouble falling or stayirsteap?

14.How often have you felt irritable or had angry autiis?

15.How often have you had difficulty concentrating?

16.How often have you experienced being “super alartiiatchful on guard?
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17.How often have you felt jumpy or easily startled?
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Traumatic Experiences

The following questions are about experiences yay have had over the course of your
life, not just during military service

How often have you experienced any of the folloWwing

1 2 3 4

Never Once A few times Many times

© © N o O

10.
11.

(How often have you experienced) a serious acotidire, or explosianfor
example, an industrial, farm, car, or boating aect@

(How often have you experienced) a natural tisaf®r example, a tornado,
hurricane, flood, or major earthquake?

(How often have you experienced) non-sexualuissar example, being
mugged, physically attacked, shot, stabbed or &etphinpoint?

(How often have you experienced) imprisonn{émtexample, being held
hostage) ?

(How often have you experienced) a life-threigiilines®

(How often have you) witnessed someone beingussy injured?

(How often have you) witnessed someone beined4l

(How often have you) seen a dead body or hum@ains?

(How often have you) experienced the suddethd#aa close friend or relatie
READ RESPONSES AS NEEDED

(How often have you) cared for wounded so#¥ier

(How often have you) been exposed to the sgghind or smell of someone
dying?

The following questions are about experiences yay have had while deployed to Iraq
or Afghanistan. Since 2001, how many times haweeasperienced the following during
deployment?

12.
13.

14.

Receiving incoming artillery, rocket or mortaie?

(Since 2001, how many times have you ...) engagdaect combat where you
discharged your weapon?

(Since 2001, how many times have you...) beguoresble for the death of an
enemy combatant?



15.
16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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(Since 2001, how many times have you ...) sed#ad body or human remains?

(Since 2001, how many times have you ...) séen ihjured civilians you were
unable to help?

(Since 2001, how many times have you...) beemded or injured?

(Since 2001, how many times have you...) clearestarched homes or
buildings?

(Since 2001, how many times have you...) haadmmavised explosive device
(IED) or booby trap explode near you?

(Since 2001, how many times have you ...) felt ffou were in great danger of
being killed?

(Since 2001, how many times have you...) Intecawith enemy soldiers who
were taken as prisoners of war?

(Since 2001, how many times have you...) begroresble for body searches
checking for hidden weapons or explosives?

(Since 2001, how many times have you ...) bekfyemembers of your unit
during a mission?

(Since 2001, how many times have you ...) olexeohildren being run over by
vehicles?

During your lifetime has anyone, male or female, using force or trokharm,
ever_attemptetb sexually assault you? By attempsekual assault, | mean that
an attempt was made but penetration_didagour.

1l.yes 2.no

During your lifetimghas a man or boy, using force or threat of hawear made
you have seky putting his penis in your vagina; or has a naalfemale put their
tongue fingers or objects in your vagina or anus?

l.yes 2.no

Have you experienced any other traumatic ewemilitary or civilian life, that
we have not asked about?
l.yes 2.no
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Millenium Cohort Study
(Selected health behavior and disease items)

1. What is yourcurrent marital status? Choose the single best answer.
Single, never married

Now married

Separated

Divorced

Widowed

Popow

2. What is the highest level of education that youeheompleted?
Less than high school completion / diploma

ngh school degree / GED/ or equivalent

Some college, no degree

Associate’s degree

Bachelor’'s degree

Master’s, doctorate, or professional degree

~PQo oW

3. Over the past month, how many hours of sleep didget in an average 24-hour
period?
a. hours per day

4. In atypical week, now many drinks did you have?

5. When smoking, how many packs per day did you oyalosmoke?
a. Less than half a pack a day
b. Half to 1 pack per day
c. 1lto 2 packs per day
d. More than 2 packs per day

In the last 3 years, has your doctor or other hgaibfessional told you that you have any
of the following?

Hypertension (high blood pressure)
Coronary heart disease

Had a heart attack

Angina (chest pain)

Any other heart condition
Fibromyalgia

Rheumatoid arthritis

Lupus

Crohn’s disease

Ulcerative colitis

Chronic fatigue syndrome

RBOONOOARWNE

=0
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Medical Outcomes Study Short Form-12 (SF-12)

These next questions are about your health noweamdcurrent daily activities.
1. In general would you say that your health is:

READ RESPONSES

1. Excellent
2. Very good
3. Good-fair
4, Poor

Now | am going to read a list of activities thauymight do during a typical day.

2. First | want to ask you about moderatgivities, such as moving a table, pushing a
vacuum cleaner, bowling or playing golf.
Does your health now:

READ RESPONSES

1. limit you a lot
2. (limit you)a little
3. not (limit you) at all
3. When climbing severdlights of stairs, does your health now:
READ RESPONSES AS NECESSARY
1. limit you a lot
2. (limit you) a little
3. not (limit you) at all
4. During the past four weeks, have you accomptisées than you would like as a result

of your physical health?
1. Yes 2. No

5. (During the past four weeks,) were you limitedhe kind of work or other regular daily
activities you do as a result of your physical tieal

1. Yes 2. No

6. (During the past four weeks,) have you accorplidess than you would like as a result
of any emotional problems, such as feeling deptessanxious?

1. Yes 2. No

7. (During the past four weeks,) did you not do kvar other regular daily activities as
carefully as usual as a result of any emotionablgras, such as feeling depressed or
anxious?

1. Yes 2. No



10.

11.

12.
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(During the past four weeks,) how much did paiarfere with your normal work,
including both work outside the home and housewét&® it interfered:

READ RESPONSES
not at all
slightly
moderately
quite a bit
extremely

arwnpE

(During the past four weeks,) how much of tineethas your physical health or
emotional problems interfered with your socialatgs like visiting with friends or
relatives. Has it interfered:

READ RESPONSES

all of the time
most of the time
some of the time
a little of the time
none of the time

arwnpE

(During the past four weeks,) How much of itheethave you felt calm and peaceful?

READ WHEN NECESSARY
All of the time

Most of the time

A good bit of the time
Some of the time

A little of the time
None of the time

ocoukrwnpE

(During the past four weeks,) How much of iheetdid you have a lot of energy?

READ WHEN NECESSARY
All of the time

Most of the time

A good bit of the time
Some of the time

A little of the time
None of the time

oukrwnpE

(During the past four weeks,) How much of theethave you felt downhearted and blue?

READ WHEN NECESSARY
All of the time

Most of the time

A good bit of the time
Some of the time

A little of the time
None of the time

oukhwnpE
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Childhood Trauma Questionnaire

Now | am going to read you some statements abqéreences that children may have
when they are growing up. Please tell me how atelyrthey describe your childhood
experiences.

1 2 3 4 5

Never true Rarely true Sometimes true  Often true ry\ééten true

1. When | was growing up, | felt like there wasreone in my family who wanted
me to be a success.

2. (When | was growing up), my family was a s@uo strength and support.

3. (When | was growing up), people in my familyre so hard that it left me with
bruises or marks.

4. (When | was growing up), someone tried to nrakewatch sexual things.

5. (When | was growing up), | lived in a groupfoster home.

6. (When | was growing up), | knew that there wasieone to take care of me and
protect me.

7. (When | was growing up), | felt like thexsas someone who believed | had what

it takes to succeed in a job or career.
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Patient Health Questionnaire-9 (PHQ-9)

Over the last 2 weeks, how ofteave you been bothered by any of the following

problems?
1 2 3 4
Not at all Several days More than halfNearly
the days everyday

o g0 M W bdF

Little interest or pleasure in doing things.

Feeling down, depressed, or hopeless

Trouble falling or staying asleep, or sleepiog tnuch
Feeling tired or having little energy

Poor appetite or overeating

Feeling bad about yourself — or that you arailaife or have let yourself or your
family down

Trouble concentrating on things, such as reattfiaghewspaper or watching
television

Moving or speaking so slowly that other peomald have noticed? Or the
opposite — being so fidgety or restless that yoreHaeen moving around a lot
more than usual
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