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ABSTRACT

CARA L’ETOILE BLEVINS. Posttraumatic growth and biomarkers of chronic stress
among combat veterans of operations Enduring and Iragi freedom. (Under the direction
of DR. RICHARD G. TEDESCHI and DR. JEANETTE M. BENNETT).

Cardiovascular diseases (CVD) are a significant public health problem,
representing the leading cause of death in U.S. military combat Veterans. Following
deployment, combat Veterans are at an increased risk for CVD due to chronic in-theater
exposure to physical and psychosocial stressors. Growing evidence suggests that
experiencing posttraumatic growth (PTG), or positive psychological change in the
aftermath of trauma, may convey salutary health benefits and increase physical and
psychological wellness of combat Veterans. However, scant research has sought to
examine if PTG buffers against the adverse effects of combat exposure in combat
veterans. Therefore, the present study investigated (1) differences in the diurnal slope of
cortisol and morning C-reactive protein (CRP) levels based on trauma perception, and (2)
if PTG buffered against adverse effects of stress as indicated by cortisol and CRP in a
sample of male combat veterans (N=33) of the wars in Iraq and Afghanistan. Results did
not reveal significant differences in either cortisol or CRP based on trauma perception;
however, PTG significantly interacted with perceived stress such that the cortisol slope of
individuals reporting a greater degree of PTG flattened and became positive as perceived
stress levels increased on Day 2. Relatedly, those individuals reporting lower levels of
PTG at higher levels of stress did not demonstrate higher levels of cortisol. These
findings may reflect the processes by which one seeks to reconstruct their assumptive

worldview in the aftermath of trauma, and provide initial physiological support for the



notion that PTG is a not just an outcome, but is also a process requiring bodily support in
the form of physiological energy sources (i.e., cortisol). Because this study was cross-
sectional and was not powered to detect small effects, larger samples and prospective
designs may reveal additional effects of PTG. Future work is warranted before causal

assumptions can be made.
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INTRODUCTION

Military Combat and CVD Risk

War and its corresponding sequelae are among the strongest stressors known to
mankind. Since October 2001, over 1.64 million men and women have been deployed to
Afghanistan and Iraq for Operations Enduring Freedom and Iragi Freedom (OEF/OIF)
(Tanielian, Jaycox, Adamsibm & Metscher, 2008). The psychological cost of these
deployments, many involving extended exposure to combat-related stress in multiple
rotations, may be disproportionally high in comparison to the physical injuries of combat
and has prompted an increased focus on mental health of US Service veterans (Warden,
2006; Tanielian et al., 2008). Stress-responsiveness is related to long-term health
outcomes and, accordingly, service veterans exposed to combat, multiple deployments,
and other stressful events report higher rates of physical morbidity, mortality and chronic
illness when compared to non-traumatized military and civilian counterparts (Heppner,
Crawford, Haji, Afari, Hauger, et al., 2009).

Cardiovascular disease (CVD), which encompasses a broad category of cardiac
conditions including hypertension, stroke, heart disease, and peripheral artery disease, is
the leading cause of mortality among men and women worldwide (American Heart
Association (AHA), 2014; Centers for Disease Control (CDC), 2015). CVD and related
diseases accounted for over 35% (approximately 611,000) of all United States deaths in
2013 and more deaths each year than any other major cause of death, including cancer,
chronic lower respiratory disease, and accidents combined (AHA, 2014). It is estimated
that at any one time, over 59,000,000 Americans have one or more types of CVD and

over 2,600 Americans (equating to one death every 33 seconds) die each day from CVD



related illnesses (AHA, 2014). It is projected that by 2030, 40.5% of the US population
will be diagnosed with CVD or a related illness and associated economic costs are
projected to exceed $818 billion (Stults-Holehmanien, 2013). As we move forward into
the 21 century, continuing to study and identify CVD-related risk factors and
corresponding treatments/interventions will be imperative if we are to effectively combat
this growing public health concern.

Although the causes of CVD are vast, currently identified risk factors include age,
sex, race, total cholesterol, HDL cholesterol, systolic blood pressure, blood pressure
lowering medication use, diabetes status, physical inactivity, smoking status and
exposure to chronic or traumatic stress (AHA, 2013). In addition, certain populations
have been identified as representing an increased risk for CVD morbidity and mortality
including individuals of a lower socioeconomic status (SES), individuals exposed to
chronic stressors, and military personnel. A study conducted by Johnson, Pietz,
Battleman, & Beyth (2004) found that over half of patients (57.6%) seen at VA medical
centers during a three-year period had some form of CVD (hypertension or
dyslipidemia). Further, Veteran CVD prevalence rates were found to be nearly double
that of average civilian CVD prevalence rates (52.1% Veteran vs 32.8% civilian),
suggesting that Veterans tend to have a higher prevalence of CVD and chronic disease
and bear a larger burden of disease relative to non-Veteran samples (Johnson et al.,
2004).

Behavioral risk factors may be partially responsible for increased Veteran CVD
risk. A study by Bray, Pemberton, Hourani, Witt, Olmstead, Brown, and colleagues

(2008) found that nearly one-third of active duty military personnel reported smoking



tobacco within the past month and 14% reported smokeless tobacco use (less than 20% of
age-matched civilians reported current tobacco use and less than 3% reported using
smokeless tobacco). Military service has long been associated with tobacco use;
however, recent evidence suggests that OEF/OIF veterans are up to 50% more likely to
use tobacco than military peers who did not deploy, placing them at increased risk for
hypertension and stroke (Widome, Littman, Laska, & Fu, 2012).

Additionally, while emerging adulthood is generally considered a time of
increased risk of excess weight gain, data suggests that OEF/OIF war veterans are more
likely to be overweight than same-age civilian samples, leading to an increased risk for
hypertension and CVD (Widome et al., 2012). Finally, Cohen, Marmar, Ren, Bertenthal,
& Sea, (2009) reported that male and female OEF/OIF veterans with mental health
diagnoses had a significantly greater risk of being diagnosed with CVD than those
without. Research has shown significant positive associations between combat
experiences and post-deployment mental health conditions like posttraumatic stress
disorder, anxiety, and depression, and it is estimated that as many as 25% of returning
OEF/OIF veterans utilizing VA medical services were given mental health diagnoses,
suggesting that the emerging generation of Veterans may be at risk for CVD following
their exposure to combat and other deployment experiences (Anderson, Wade,
Possemato, & Ouimette, 2010).

Perceived Stress and CVD Risk

Chronic psychological stress is related to CVD emergence (Cohen, Kamarck, &

Mermelstein 1983; Melamed, Kushnir, & Shirom, 1992; Belkic, Landsbergis, Schnall, &

Baker, 2004; Kashani, Eliasson, & Vernalis, 2011). Psychological stress refers to both



physical and environmental challenges which are judged to threaten one’s ability to cope
and strain an individual’s responses to events (Cohen, Janicki-Deverts, & Miller, 2007).
In other words, stress occurs “when an individual perceives that environmental demands
tax or exceed his or her adaptive capacity” (Cohen et al., 2007). Stress may be transient
and relatively harmless with potentially positive adaptations (i.e., academic examinations
or strenuous bursts of exercise) or it may be chronic and uncontrollable producing
excessive wear and tear on psychological and physiological systems and resulting in
potentially lasting and detrimental impacts to one’s physical and mental health (i.e.,
caregiving for a loved one with a terminal illness or exposure combat exposure) (Cohen
et al., 2007; Dimsdale, 2008; Stults-Holehmanien, 2013). Further, psychological stress
can be accompanied by a variety of affective responses such as anxiety, depression,
anger, fear, and hostility which have been linked to chronic illness and risk for CVD
(Kario, McEwen, & Pickering, 2002).

The experience of stress is an evolutionary adaptive process designed to alert us
to and protect us from danger or harm (Sapolsky, 2004). However, when negative
affective states such as feelings of anxiety, anger, fear, or depression are chronically
induced in response to stressors, biological processes may in turn be initiated that can
lead to illness and disease and ultimately CVD (Sapolsky, 2004; Cohen et al., 2007;
Holman, Silver, Poulin, Andersen, Gil-Rivas, & Mclntosh, 2008). Examples of chronic
stressors can include stressful events occurring over extended periods of time (i.e., war,
caring for a chronically ill family member, etc.) or more acute events which continue to
be experienced as stressful even after they have ended (i.e., re-experiencing combat-

related events) (Cohen et al., 2007). Behavioral adaptations or attempts to cope with



stressors, such as increases in smoking or decreases in exercise and sleep, provide
important pathways to an increased risk of CVD (Cohen et al., 2007). The autonomic
nervous system (ANS) represents an additional pathway which impacts the functioning of
the cardiovascular system and may lead to increases or decreases in CVD risk (Kario et
al., 2002; Sapolsky. 2004; Cohen et al., 2007).

Stress Physiology

The sympathetic nervous system (SNS), one division of the autonomic nervous
system (ANS), is specifically activated during stress (Sapolsky, 2004). The SNS is an
activation system and responsible for mediating the following functions of behavior: a)
fight, b) flight, c) fright, and d) sex (Sapolsky, 2004). In contrast to the activating
function of the SNS, the parasympathetic nervous system (PNS) is responsible for
inhibiting the SNS and inducing relaxation, calmness, digestion, and reproduction
through the secretion of acetylcholine. Working in direct opposition to the SNS, the PNS
promotes systemic rehabilitation and energy storage and plays an essential role in
regulating the SNS and heart function, causing the variation in time between heart beats
(i.e., heart rate variability (HRV)) (Sapolsky, 2004).

The stress response begins when the brain first detects the presence of a potential
stressor and activates the SNS. This SNS activation triggers responses in the
Sympathetic-Adrenal-Medullary (SAM) axis and the Hypothalamic-Pituitary-Adrenal
(HPA) axis. The SAM response is the quick, initial response to stress which releases
epinephrine and norepinephrine and is designed to support physical activity (Sapolsky,
2004). Epinephrine and norepinephrine serve to increase and regulate muscular

efficiency, release energy stores, and both increase and regulate blood flow to the



arteries, organs, and muscles (Cacioppo & Berntson, 2011). Next, energy and blood flow
are shifted to the muscles, blood pressure is increased, and blood flow to peripheral areas
is constricted. Thus, the body is mobilized and ready to respond and cope to the stressful
situation (Cacioppo & Berntson, 2011).

While the SAM axis response begins the stress signal, the HPA axis response is
responsible for actually carrying out the stress response. Stress is perceived by the
hypothalamus and triggers a corticotropin releasing hormone (CRH) to the anterior
pituitary gland. This stimulates a release of adrenocorticotropinc hormone (ACTH) from
the pituitary to the adrenal cortex. Cortisol and glucocorticoids are secreted into the body
thus increasing muscular efficiency, brain function (alertness, learning and memory
responses), regulating inflammatory responses, energy resources, and the cellular
metabolism underlying behavioral adaptation (Cacioppo & Berntson, 2011). In short, the
SAM axis response initiates a chain of reactions designed to quickly increase our energy
and alertness, slow digestion and reproduction, and effectively prepare us for immediate
action to aid in our survival. The HPA axis response then helps to maintain and continue
this activation by converting proteins to glucose (energy), increasing blood flow, and
decreasing insulin secretion.

The ANS is also responsible for both activating and regulating the immune
system, another adaptive component of the “fight-or-flight” response. When the SNS is
activated, changes are occurring both to the immune system and the SAM and HPA axes.
In essence, SAM axis activation increases the release of epinephrine and norepinephrine,
while simultaneously increasing cytokine production. White blood cells are shunted from

the bloodstream and sent into visceral and peripheral tissues such as the lymph nodes, Gl



tract, skin and bone marrow (Kemeny, 2011). This adaptive function serves to mobilize
physiological systems to respond to threat and also mobilize the immune system to
prepare to defend against and repair potential wounds or infections which may
accompany stressors (Sapolsky, 2004; Kemney, 2011).

The immune system also helps support behavioral recuperation following stress
by releasing proinflammatory cytokines. This not only allows the immune system to
attack and destroy pathogens and then repair tissue, but also allows the immune system to
influence the brain, resulting in behavioral withdrawal to facilitate recuperation (i.e., rest
and sleep) and enable the body to devote vital energy to fighting and eliminating
infections (Kemeny, 2011). Thus, these proinflammatory cytokines induced with
infection are activated by psychological stressors (in addition to physiological stressors)
and this may account for the behavioral withdrawal and inhibition in such psychological
disorders as depression (Kemney, 2011).

Stress, Allostatic Load, and CVD Risk

Successive or cumulative exposure to stressful or traumatic events such as combat
may weaken individual coping abilities and increase activation of the HPA axis resulting
in allostatic load and a vulnerability to CVD (Sapolsky, 2004). The human body
consistently seeks to maintain a state of relative balance, or homeostasis, across all
physiological components (Sapolsky, 2004; Cacioppo & Berntson, 2011, Danese &
McEwen, 2011). Homeostatic processes work to regulate, buffer, restore, and protect
organisms from the effects of internal and external changes, ultimately striving to keep
internal biological processes at ideal levels (Cacioppo & Berntson, 2011). However, the

world is not static and the body’s homeostatic state is constantly tested and threatened by



changing environmental events or conditions that affect an organism (i.e., it is constantly
under stress) (Segerstrom & O’Connor, 2012; Salpolsky, 2004; Danese & McEwen,
2011). To cope with this constant variability, physiological systems must continually
evolve and adapt to maintain stability, a process termed allostasis (Sapolsky, 2004;
Cacioppo & Berntson, 2011, Danese & McEwen, 2011).

Allostasis, by definition, encompasses broader flexibility than homeostasis and
enables humans to respond to physical changes (i.e., wakefulness, sleep, and postural
changes) and cope with various stressful situations (danger, hunger, temperature changes,
etc.) (Kario et al., 2002). Prolonged activation of allostatic systems may result in
allostatic load, or an accrual of wear and tear on physiological regulatory and response
systems (Danese & McEwen, 2011; Cacioppo & Berntson, 2011). Frequent or chronic
exposure to stressors can result in both failures to adapt as readily to stressors and an
inefficiency in terminating allostatic responses once a stressor is removed (Cacioppo &
Berntson, 2011); accelerating atherosclerosis, risk of CVVD and has been correspondingly
linked to earlier mortality (Cacioppo & Berntson, 2011; Sapolsky, 2004; Danese &
McEwen, 2011). Chronic stress exposure increases blood pressure, promotes left
ventricular hypertrophy and atherosclerosis, reduces cardiac efficiency and
vasoconstriction, and increases the risk of myocardial infraction through neurohormonal
arousal (Holman et al., 2008; Sapolsky, 2004; Jamieson, Knock, & Mendes, 2012).

Perception of threat and safety appear to be key variables to the stress response
(Thayer, Ahs, Fredrikson, Sollers 111, & Wager, 2012; Jamieson et al., 2012). When
individuals feel equipped with sufficient biological, psychological, and social resources

to cope with stressors they experience a challenge response and when the demands of a



stressor exceed perceived resources, individuals experience a threat response (Jamieson
et al., 2012). The challenge response activates the SAM axis which is associated with
increased cardiac efficiency and vasoconstriction (Jamieson et al., 2012).

The SAM axis is also activated when a threat is perceived, but the outcomes differ
in that cardiac efficiency and vasoconstriction are instead reduced in such a way to
prepare the body for predatory approach and potential damage/defeat (Jamieson et al.,
2012). This is evolutionarily advantageous as it protects and warns against approaching
potential danger and, if danger is unavoidable, this threat response prepares to defend
from harm.

An occasional threat response is unlikely to cause lasting biological damage;
however, in the face of chronically perceived and experienced stress, the threat response
is associated with impaired decision making, cognitive decline, and CVD (Jamieson et
al., 2012). As threat is perceived, blood pressure elevates and strain is put onto the heart
and arteries. If individuals experience this strain on a regular basis, the arteries and heart
will begin to wear out (Sapolsky, 2004). This begins to damage the ending branch points
of arteries resulting in an inflammatory response to boost immunal cells located at
damage points (Sapolsky, 2004). Concurrently, the increased blood flow that
accompanies sympathetic arousal circulates blood platelets, fatty nutrients, glucose, and
cholesterol which also accumulate at damage sites. This can result in atherosclerotic
plaque and, ultimately, atherosclerosis. Increased blood flow accompanying the stress
response can then loosen plaque and carry it to smaller blood vessels, where vessels can

be clogged, potentially resulting heart attack or stroke (Sapolsky, 2004).
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Assessment and Measurement of CVD Risk

A growing body of literature has highlighted the role of inflammatory processes
in the development of CVVD and other chronic diseases, prompting recommendations for
the assessment of inflammation to help predict and prevent early onset morbidity and/or
mortality (McDade, Hawkley, & Cacioppio, 2006). Chronic stress and trauma exposure
contribute to physiologic inflammation and increased risk for CVD (Dockray & Steptoe,
2010; Groer, Kane, & Williams, 2014). Specifically, the experience of chronic stress and
trauma have shown positive associations with levels of cortisol and C-reactive protein
(CRP) in a variety of samples, suggesting that cortisol and CRP may be important
biological pathways through which current levels of stress increase risk for morbidity and
mortality (McDade et al., 2006).
Cortisol, C-Reactive Protein and Perceived Psychological Stress

Cortisol is a glucocorticoid, or steroid hormone, that is secreted from the adrenal
glands during stress (Sapolsky, 2004). Cortisol is involved in emotion, learning, and
memory processes, helps to regulate metabolism by influencing glucose storage, and
helps to regulate the intensity and duration of inflammatory responses associated with the
immune system (Sapolsky, 2004; Miller, Chen, & Shou, 2007). In healthy individuals,
cortisol levels typically fluctuate throughout the day, peaking just after awakening and
gradually decreasing throughout the course of the day (Bower, Moskowitz, & Epel, 2009;
Diaz, Aldridge-Gery, & Spiegel, 2014). This 24-hour cycle is known as the diurnal
cortisol rhythm and a steeper decline from morning to evening, or a negative cortisol
slope, is typically associated with healthy endocrine function and stress-reactivity (Diaz

et al., 2014). Studies have indicated that flatter diurnal cortisol slopes, specifically
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indicated by raised late-evening levels of salivary cortisol, are associated with exposure
to chronic stressors and are predictive of CVD mortality independent of related covariates
including body mass index (BMI), smoking status, age, race, and sex (Kumari, Shipley,
Stafford, & Kivamaki, 2011). Diurnal cortisol assessment may therefore serve as a useful
indicator of increased risk for CVD following exposure to acute and chronic stressors.

Another physiological biomarker associated with CVD risk is C-reactive protein
(CRP), a biomarker indicative of systematic inflammation (e.g. an immunological
response to physical damage or pathogenic invasion) (Dockray & Steptoe, 2010; Hansel,
Hong, Camara, & von Kanel, 2009; Yamamot, Okazaki, & Ohmori, 2011). Specifically,
CRP is an acute phase protein and important component of innate immunity involved in
the biological development and progression of disease and illness (McDade et al., 2006).
The CDC suggests the following CRP cut-off scores to evaluate risk for CVD and
chronic illness: <1 mg/L indicates low risk, 1-2.9mg/L indicates intermediate risk, and >3
mg/L indicates high risk. Highly sensitive CRP (hsCRP) assays have demonstrated that
slight elevations of CRP are predictive of CVD and chronic illness independent of
traditional risk factors such as age, SES, ethnicity, BMI, and smoking, thereby
highlighting the utility of CRP in disease prediction and prevention (McDade et al., 2006;
Dockray & Steptoe, 2010).

A large body of research suggests that perceived psychological stress (PPS) —a
strained feeling that results from an individual’s perception of external demands as to0
great relative to one’s capabilities — contributes to inflammation (McDade et al., 2006;
Dockray & Steptoe, 2010). PPS has been linked to increased proinflammatory

biomarkers (such as CRP) and a greater propensity to illness and infection in caregivers
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reporting higher levels of perceived stress than controls (Kiecolt-Glaser, Preacher,
MacCallum, Atkinson, Malarkey, & Glaser, 2003). PPS, cortisol, and levels of CRP have
also demonstrated causal links to increased risk for CVD and PPS has been found to be
positively associated with increased levels of CRP and a flattened diurnal cortisol slope
in several large population-based studies (i.e., the Whitehall 11 Study and the National
Longitudinal Study of Adolescent Health) (McDade et al., 2006; Kumari, Shipley,
Stafford, & Kivamaki, 2011). As cortisol and CRP may be important pathways through
which current levels of stress increase risk for disease and illness (McDade et al., 2006;
Kumari et al., 2011), it is of critical importance to investigate ways in which the impact
of stress on biological inflammatory processes may be reduced.
Posttraumatic Growth (PTG) and Health

Exposure to acute and chronic stressors (both in civilian and military populations)
may be unavoidable and can have negative outcomes on both physical and psychological
health; however, there is growing evidence that stressful events and trauma can also
result in positive psychological outcomes and may, in certain circumstances, buffer
individuals against the negative physiologic consequences of stress (Bower et al., 2009;
Bush, Skoop, McCann, & Luxton, 2011; Tedeschi & McNally, 2011). Specifically,
studies have indicated that long-term morbidity and mortality are less likely to occur if
benefits are construed following the experience of traumatic circumstances (Affleck,
Tennen, Crood, & Levine, 1987). Benefit finding following traumatic circumstances has
been associated with the adoption of adaptive health behaviors (i.e., increased exercise
and social interaction) in patients recovering from myocardial infraction (Petrie, Buick,

Weinman, & Booth, 1999) and a variety of studies have shown that perceiving benefits or
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perceiving growth following traumatic experiences may promote better coping, survival,
and adaptation (Tedeschi & Calhoun, 1996; Park, Cohen, & Murch, 1996; Petrie et al.,
1999; Joseph, Linley, Andrews, Harris, Howle, Woodward, & Shevlin 2005; Bower et
al., 2009; Diaz et al., 2014).

Philosophers and scientists have long sought to understand the characteristics
associated with those who find benefits, or grow, as a result of their experience with
trauma. Tedeschi & Calhoun (1996), coined the term posttraumatic growth (PTG) to refer
to the positive psychological changes which may occur following traumatic experience or
exposure. The authors suggest that PTG is unique from other similar terms such as
adversarial growth (Joseph et al., 2005) or stress-related growth (Park et al., 1996) in that
PTG reflects an ongoing, evolutionary, and ultimately transformative process rather than
a short-term coping mechanism in response to acute or chronic stressors. Tedeschi &
Calhoun (2004) further distinguish the phenomenon of PTG from resiliency, or the ability
to resist or bounce back from adversity. According to Tedeschi and Calhoun (2004) PTG
represents more than return to pre-trauma levels of functioning, reflecting an ultimate
change in character, personality, or identity — a transformation- that occurs within various
domains of one’s life.

The theory of PTG suggests that when a traumatic experience occurs, one’s
assumptive world, or system of core beliefs about one’s self or the world, is shattered
(Tedeschi and Calhoun, 1996; Tedeschi & Calhoun, 2004). It is important to note that
simply experiencing a traumatic event is not sufficient to prompt growth, and the
shattering of one’s belief system does not guarantee an experience of PTG. Rather, the

experience of PTG emerges following periods of complex cognitive and emotional
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processing during which one actively works to recreate their assumptive world in such a
way that it will “withstand future shocks to the system, much as communities rebuild in
the aftermath of an earthquake, strengthening the self produces confidence in facing
future difficulties, and existential reevaluation can produce a sense of wisdom, life
satisfaction, and purpose in life (Tedeschi, 2011, p. 137).” Somewhat paradoxically, the
presence of distress is a necessary precursor to an experience of growth. Therefore, it is
not uncommon for high correlations to be noted between the presence of PTG and
psychological distress (i.e., depression, sadness, anxiety, intrusive thoughts, guilt, etc.)
(Tedeschi & Calhoun, 2004). Additionally, studies document that the experience of PTG
has the potential to manifest in various domains of an individual’s life (Tedeschi &
Calhoun, 1996). Specifically, PTG has been noted in the experience of more meaningful
and intimate relationships with others, a sense of increased personal strength and ability
to face or overcome future struggles, the realization of new possibilities in one’s life, the
development, recognition, or expression of a greater appreciation for life, and the
experience of spiritual change such that one’s spirituality is enhanced, redefined, or
existentially explored (Tedeschi & Calhoun, 1996).

Substantial literature has documented PTG in a wide variety of populations, and
corresponding outcomes have included experiences of increased compassion and
empathy for others, changes in religious beliefs and spirituality, a greater sense of social
connection and decreased suicidal ideation (Tedeschi & Calhoun, 1996; Bush et al.,
2011). Further, the experience of PTG has also been implicated as a potential protective

factor for physical health, demonstrating inverse associations with flattened cortisol
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slopes and disease progression in samples of breast cancer patients (Dunnigan, Carr, &
Steel, 2007; Bower et al., 2009; Bush et al., 2011; Diaz et al, 2014).
Aims of the Present Study

The negative impact that exposure to traumatic or chronic stress may have on
one’s psychological and physical health is well documented; however, to date there has
been relatively little examined on the potential physiological benefits accompanying an
experience of PTG following exposure to trauma (Diaz et al., 2014). Further, to the
author’s knowledge there exists no current studies documenting biological associations of
an experience of PTG in military populations. Therefore, the objective of this study was
to elucidate salutary benefits of PTG for the physical and mental health of military
Service veterans.

Aim 1: To compare a sample of military combat Veterans who perceived their
combat experience as traumatic with nontrauma perceiving military
combat Veterans on physiological markers of chronic stress as indexed by
the diurnal slope of cortisol and C-reactive protein levels.

Research Question 1: Does the perception of combat as traumatic in military

combat Veterans predict increases in biomarkers of chronic stress?
Hypothesis 1: OEF/OIF Veterans who perceive their combat exposure as
traumatic are significantly more likely than non-traumatized combat
veterans to have elevations in physiological markers of chronic stress and
systemic inflammation, as indicted by the diurnal slope of cortisol and

levels of C-Reactive protein (CRP).
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Aim 2: To assess if the experience of PTG buffers against the negative
physiologic effects of stress, protecting combat Veterans against CVD
risk.

Research Question 2: Will military combat Veterans reporting higher levels of

PTG have reduced elevations in physiologic markers of chronic stress
associated with CVD?

Hypothesis 2: The experience of PTG in military combat Veterans will moderate
the relationship between perceived stress and biomarkers of chronic stress,

as indicated by a steeper diurnal cortisol slope and lower levels of CRP.,
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METHODS

Participants

Participants were recruited from the University of North Carolina at Charlotte
(UNCC) and the surrounding community. All participants were male combat Veterans of
OEF or OIF; there were no other exclusionary criteria with a goal of 20 participants per
combat experience group. At time of recruitment, potential participants were categorized
into one of two combat experience groups: (1) Non-trauma: Veterans who do not
perceive their combat exposure as traumatic; and (2) Trauma: Veterans who do perceive
their combat exposure as traumatic (note that any veteran who indicated their combat was
non-traumatic were excluded from Group 2).

Procedure

The proposed study was submitted as a new protocol and approved by the UNCC
Institutional Review Board prior to recruitment and data collection. Participants were
assigned a unique ID number at the time of consent and all study data was de-identified.
All study information was collected and entered using a password protected and
encrypted laptop computer. Participants were recruited through UNCC Veteran Student
Services, the UNCC Office of Academic Affairs, and through advertisements (print,
facebook, and word of mouth) providing contact information for study participation.
Prior to meeting with participants in person, research staff communicated with
participants either by phone or by email to screen participants for inclusion criteria.
Participants had to be male, have served in either OEF or OIF and have been exposed to
combat to qualify for participation. Research staff screened participants with a question

assessing the perceived traumatization of combat exposure. Participants were asked if
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they perceived their combat exposure as traumatic. Responses were recorded on a
dichotomous yes/no scale.

Following screening procedures, research staff scheduled an appointment to meet
with participants in person. At this time, research staff conducted informed consent and
took participant’s temperatures. If a participant presented with a temperature at or above
99.6 degrees Fahrenheit, they were asked to postpone beginning the study/saliva
collection for two weeks after their temperature dropped to a healthy range (i.e., less than
99 degrees Fahrenheit). All participant temperatures fell within an acceptable range and
none were asked to return at a later date.

Following consent, research staff collected biometric information, including
height, weight, and blood pressure. Participants then completed the study assessments.
This process took approximately 35-75 min to complete. Once participants completed
their assessments, research staff provided participants with a saliva collection kit that
included detailed instructions regarding how to collect and store saliva samples.
Participants were asked to return home and collect saliva samples at three time points-
upon waking , at lunch, and before going to bed — across 2 days. Participants placed the
synthetic swab from the salivette on their tongue and rolled it around in their mouth for
approximately two minutes. The waking sample was to be taken within 30 minutes of
waking and the second sample was taken before going to bed. Prior to saliva collection,
participants were asked to avoid exercise, eating, or drinking 3 hours before saliva
collection, record their waking time, and the saliva collection time. Participants stored
salivettes in a refrigerator until returning them to UNCC, at which point research

personnel transferred the biospecimens to the StressWAVES BRL for processing, long
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term storage, and biomarker assessment. Total participation time, including biospecimen

collection, took approximately 60-120 minutes. Upon completing biospecimen and data

collection, participants were compensated $25 for participation and an anonymous $5

donation was made to the Wounded Warrior Foundation on behalf of their participation.
Measures

Demographics. Participants reported their age, marital status, current military rank
or rank at separation, total number of deployments, and deployment location. For racial
and ethnic background, participants reported the group that best represented themselves
from preselected options (i.e., White, African American, Hispanic or Latino, etc.).
Educational background was assessed by asking respondents the highest level of
education they had completed on a six-point scale (1 = less than seven years, 6 = graduate
or professional training). Income was assessed by asking participants the range that best
described their pre-tax household income in the last year on a seven-point scale (1 = less
than $10,000, 7 = more than $100,000).

Average exercise levels were assessed with a single question asking participants
how often, on average, they exercised per week (1= 0 days/week, 5=6-7 days/week).
Height, weight, and blood pressure were measured and recorded by study staff. BMI was
calculated by computing a ratio of participant height to weight as per CDC guidelines.

Smoking status was assessed using questions adapted from the National Social
Life, Health, and Aging Project (Drum et al., 2009). Respondents were asked if they
currently smoke cigarettes (yes/no) and if so how long they have been smoking and how
many cigarettes on average they smoke per day. Participants were coded as 0 if they did

not currently smoke cigarettes and 1 if they did.
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Perception of Combat Exposure. To screen participants for sample allocation and
assess the degree to which their combat exposure is perceived as traumatic or non-
traumatic, participants were asked to respond on a dichotomous yes/no scale as to
whether they perceived their combat exposure as traumatic. Participants indicating YES
to Question 1 were placed into Sample 1 (trauma) and participants indicating NO to
question 1 were placed into Sample 2.

Combat Exposure. Combat exposure was assessed with the Combat Experiences
Scale (CES, King, King, Vogt, Knight, & Samper, 2006; Vogt, Proctor, King, King, &
Vasterling, 2008), a 15-item self-report measure of objective combat experiences. Scale
items include “I or members of my unit received hostile incoming fire from small arms,
artillery, rockets, mortars, or bombs”, “I went on combat patrols of missions”, “I was
wounded or injured in combat”, and “I killed or think I killed someone in combat”. Items
are noted on a 5-point Likert scale ranging from “Never” to “”’Extremely Frequently” and
summed. Scores can range from 15-75 and higher total scores indicate greater combat
exposure. Cronbach’s alpha for this study was 0.92, indicating excellent internal
consistency.

Perceived Psychological Stress. Perceived psychological stress (PPS) was
assessed using Cohen, Kamarck, & Mermelstein’s (1983) fourteen-item Perceived Stress
Scale, a well-validated measure designed to assess how overloaded, unpredictable, and
uncontrolled respondents felt about their lives in the past 30 days. Scale items include “In
the last month how often have you felt unable to control things in your life; how often
have your felt confident in your ability to handle personal problems; how often have you

felt that things were going your way; and how often have you felt that difficulties were
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piling up so high that you could not overcome them?” Items are noted on a 4-point Likert
scale ranging from “Never” to “’Very Often” and higher scores indicate higher levels of
stress. Cronbach’s alpha for this study was 0.83, indicating good internal consistency.

Posttraumatic Stress Disorder. Current levels of PTSD symptomology were
assessed with the PTSD Checklist-Version (PCL-5), a widely-used 20-item self- report
scale designed to measure distress associated with each PTSD symptom (Weathers et al.,
2013). Scale items include: In the past month, I have experienced “Avoiding memories,
thoughts, or feelings related to the stressful experience”, and “Repeated, disturbing, and
unwanted memories of the stressful experience”. Items are noted on a 5-point Likert scale
ranging from “Not at all” to “Extremely” and summed. Scores can range from 0-80, and a
cut point of 33 is suggested as indicative of PTSD diagnosis. Cronbach’s alpha for this
study was 0.95, indicating excellent internal consistency.

Distress. Distress was operationalized as experiences of depression, anxiety, and
stress and measured with the Depression, Anxiety, and Stress Scale (DASS; Lovibond &
Lovibond, 1995), a 21-item measure assessing symptoms of depression, anxiety, and
stress that in the past week. Scale items include “I couldn’t seem to experience any
positive feeling at all”, “I found it hard to wind down”, and “I felt I was close to panic”.
Items are noted on a 4-point Likert scale ranging from “Did not apply to me at all” to
“Applied to me very much, or most of the time” and summed. Scores can range from 0-
63. Higher scores indicate greater distress. Cronbach’s alpha for this study was 0.95,
indicating excellent internal consistency.

Posttraumatic Growth. PTG was assessed with the Posttraumatic Growth

Inventory (PTGI; Tedeschi & Calhoun, 1996), a 21-item measure assessing positive
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psychological changes following exposure to a traumatic experience. Scale items include:
As a result of my experience, “I have changed by priorities about what is important in
life”, “I can better appreciate each day”, and “I have more compassion for others”. Items
are noted on a 5-point Likert scale ranging from “I did not experience this change” to “I
experienced this change to a very great degree” and summed. Scores can range from 0-
105, and higher scores indicate greater levels of growth. Cronbach’s alpha for this study
was 0.91, indicating excellent internal consistency.

Biomarkers. Cortisol and CRP were assessed via saliva collected with a synthetic
swab salivette (Sarstedt, Newton, NC) and assayed with commercially available enzyme

immunoassay kits (Salimetrics, LLC, State College, PA).
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Data Analysis

Missing Data

Data was first reviewed for completeness. 41 veterans completed self-report
surveys; however, 3 participants did not provide corresponding saliva samples and were
therefore excluded from our analyses, bringing our sample to 38. Descriptive statistics
were then evaluated to ensure that the data are normal via reasonable standard deviations
and means with no signs of outliers or entry errors, but also contained enough variance to
be analyzed. We identified 5 outliers with significantly higher levels of CRP then the rest
of the sample (i.e., 10.00 or higher). This introduced the possibility that blood could have
entered their saliva and skewed both cortisol and CRP data. Therefore, to be
conservative, we excluded these 5 participants from our analyses bringing the final
sample to 33. Results remained significant with and without the exclusion of the 5
outliers.
Analyses

To test Hypothesis 1 and calculate mean differences in CRP levels and cortisol
slope, a one-way analysis of variance (ANOVA) was conducted with trauma perception
(O=yes, 1=n0) as the grouping variable. Preliminary zero-order Pearson’s correlations
examined potential confounds. Continuous covariates (e.g., age, BMI, etc.) were
transformed to z-scores to aid in interpretation of the first order coefficients and enhance
the simple slopes plot (Cohen, Cohen, West, & Aiken, 2003; Hayes & Matthes, 2009).
Total daily hours awake were transformed to a 24-hour format. Any bedtime later than
12:00am was added to 24 (i.e., 1am = 25), and minute allotments were divided by 60 to

obtain a decimal point. Cortisol and CRP data were natural log transformed before
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analysis to achieve a residual distribution that was approximately normal (Bennett,
Glaser, Andridge, Peng, Malarkey, & Kiecolt-Glaser, 2014). Cortisol slope was
computed by subtracting the cortisol data from the final daily time from the first daily
cortisol sample and divided by the total amount of time each participant had been awake.

To test Hypothesis 2 and calculate the moderating effect of PTG on the
relationships between perceived stress and both CRP and daily cortisol slopes, an
interaction term was calculated and three separate step-wise hierarchical multiple
regression analyses were conducted. First, the perceived stress and PTG variables were
mean centered then multiplied together to create an interaction term. Centered and
control variables were introduced as predictors in step one, and perceived stress
(centered) and PTG (centered) as predictors in step two. In step three, the interaction term
was added as a predictor to determine if these two variables have an interactive effect
above and beyond the variables by themselves (Cohen, Cohen, West, & Aiken, 2003).

Three separate moderated multiple regression analyses were conducted with (1)
CRP, (2) Day 1 cortisol slope, and (3) Day 2 cortisol slope as separate criterion. Based on
the results of Hypothesis 1 (see below), we did not separate the groups based on trauma
perception and ran all 33 participants in each model.

While existing literature (Cohen, Doyle, & Baum, 2006; Kudielka, Buske-
Kirschbaum, Hellhammer, & Kirschbaum, 2004) associates age, BMI, smoking status,
medication use, depression and exercise with the outcome variables, the small nature of
our sample made it impossible to include all of these variables as relevant controls and

still retain sufficient variability. Therefore, as age was the only control variable



significantly correlated with CRP, we controlled for this variables in each regression

model. Analyses were carried out in SPSS (Version 23).
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RESULTS

Descriptive Statistics

Detailed information on participant characteristics for the total sample and by
trauma group can be found in Table 1. The mean age of participants (100% male) was
30.22 years (SD = 6.62; Range: 20-46). The sample was 79% White, 12% Non-European
Hispanic or Latino, 3% American Indian/Alaskan Native; 3% Asian, and 3% African
American. Military breakdown was as follows: 39% Army, 39% Marine Corps, 6%
Navy, 56% Air Force, and 9% National Guard. On average, participants had served for
8.05 years (SD 5.50, Range: 1.5-23) and deployed 2.39 times (SD 1.65, Range: 1-9). The
majority of participants were no longer actively serving (33 % Active Duty; 67% non-
active/separated). Regarding educational attainment, 9% held a graduate/professional
degree, 6% held a Bachelor’s degree, and 85% held a high school diploma and were
currently enrolled in college. Finally, income levels for this sample were as follows: 6%
< $10,000, 15% $10,000-24,999, 30% $25,000-49,999, 30% $50,000-99,999, 18% >
$100,000. The average number of combat experiences was 36.88 (SD = 13.83), average
PTSD symptom levels were indicative of PTSD (M= 49.55, SD=19.81), and participants
reported generally high levels of stress (M=41.03, SD=8.64). The average score on the
PTGI was 3.50 (SD=.98), and the average DASS score was 40.64 (SD=14.55).

Zero-Order Correlations

Zero-order Pearson correlations for all focal variables are presented in Table 2.
Combat experiences were positively correlated with BMI (r(33) = .33, p <.05). DASS
scores were positively correlated with both PCL scores (r(33) = .76, p < .05) and PSS

scores (r(33) =.76, p <.001) and negatively correlated with smoking status (r(33) = -.36,
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p <.05. Day 1 Cortisol slope was positively correlated with Day 2 Cortisol slope (r(33) =
.50, p <.01), and negatively correlated with age (r(33) =-.51, p <.01). Day 2 Cortisol
slope was positively correlated with PTGI scores (r(33) = .43, p <.05). While CRP was
not statistically significant, the correlation with combat experiences was trending towards
significance (r(33) = .24, p = .06. No statistically significant associations were found
between PTG and perceived stress, CRP, or the cortisol slope from Day 1.
Hypothesis 1- Group Differences by Trauma Perception

One-way ANOVA Results

A one-way analysis of variance (ANOVA) was used to examine group differences
in physiological markers of chronic stress as a function of trauma perception. Results
(see Table 3) revealed significant group differences in the following variable means
based on perception of combat exposure as traumatic or not: perceived stress (F(1,33)=
8.64, p<.01; Myauma= 44.88, SE= 1.72; Mnontrauma=36.94, SE=2.10; I]>= 0.22); combat
experiences (F(1,33)=64.02, p<.05; Mauma= 41.35, SE= 3.86; Mnontrauma=32.13, SE=3.45;
1)°= 0.15); PTSD symptomology (F(1,33)= 11.77, p<.001; Myauma= 59.47, SE= 3.86;
Mnontrauma=39.00, SE=4.59: T)?= 0.29); and distress scores (F(1,33)= 12.64, p<.001;
Mauma= 48.11, SE= 2.75; Mnontrauma=32.69, SE=3.39; I)°= 0.29). There were no
significant differences between mean scores of cortisol slope, CRP, or PTGI scores based
on trauma perception.
Conclusion

Hypothesis 1 was not supported. In the present sample, there were not significant

differences between mean levels physiological markers of chronic stress and systemic
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inflammation, as indicted by diurnal cortisol slope and levels of C-Reactive protein
(CRP) based on perception of combat exposure as traumatic or non-traumatic.

Hypothesis 2- The Influence of PTG on PPS and Chronic Stress Biomarkers

Moderated Regression Results
Model 1: Summary of Variables Predicting CRP

In step one, the control variable, age, did not explain a significant amount of
variance in CRP (R?=-.03., F(32) = .009, p = .93). In step two, the individual predictors
did not explain significant amount of variance beyond the first model (R* = .06, 4R* =
.04, p = .55), and neither perceived stress (= .01, p =.60) nor PTG (5 =.32, p =.33)
significantly predicted CRP when holding the control constant. In step three, the
interaction term (8 = .03, p = .54) did not incrementally predict CRP (R® = -.09, 4R? =
.01, p = .54) indicating that together, perceived stress and PTG do not have an interactive
effect that increases the predictive validity beyond the second model.

Even though the interaction in step three of the hierarchical analysis was not
significant, to help aid in data interpretation and to assess data trends given our small
sample, the simple slopes were plotted using the Hayes ModProbe macro for SPSS
reflecting both centered continuous perceived stress scores and centered continuous PTG
scores . The simple slopes (see Figure 1) revealed a disordinal interaction between
perceived stress and PTG. Specifically, at low levels of stress PTG did not appear to play
a significant role in CRP outcomes. However, at higher levels of stress, higher reports of
PTG were associated with an increased CRP values. Thus, PTG was not a buffer and

appeared to exacerbate perceived stress’ effect on CRP.
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Model 2: Summary of Variables Predicting Day 1 Cortisol Slope

As shown in Table 5, in step one, the control variable, age, explained a significant
amount of variance in Day 1 cortisol slope (R?= .26, F(32) = 10.72, p =.003). In step
two, the individual predictors did not explain significant amount of variance beyond the
first model (R? = .30, 4R? = .03, p = .54) with neither perceived stress (8 = .00, p = .38)
nor PTG (8 =-.00, p = .53) significantly predicting Day 1 cortisol slope, while holding
the control constant. In step three, the interaction term (f = .00, p = .24) did not
incrementally predict cortisol slope (R? = .33, AR = .04, p = .24) indicating that together,
perceived stress and PTG do not have an interactive effect that increases the predictive
validity beyond the second model.

Similar to Model 1, even though the interaction in step three of the hierarchical
analysis was not significant, the simple slopes were plotted using the Hayes ModProbe
macro for SPSS reflecting both centered continuous perceived stress scores and centered
continuous PTG scores. The simple slopes (see Figure 2) revealed a disordinal interaction
between perceived stress and PTG. Specifically, at low levels of stress PTG did not
appear to play a significant role in Day 1 cortisol slope outcomes. However, at higher
levels of stress, higher reports of PTG were associated with a flatter and slightly positive
cortisol slope across the day. Thus, PTG was not a buffer and appeared to exacerbate
perceived stress’ effect on Day 1 diurnal cortisol slope.

Model 3: Summary of Variables Predicting Day 2 Cortisol Slope

As shown in Table 6, in step one, control variable, age, did not explain a

significant amount of variance in Day 2 cortisol slope (R*= .09, F(32) =2.77,p = .11). In

step two, the individual predictors explained a significant amount of variance beyond the
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first model (R* = .18, 4R = .18, p = .05) with PTG (8 = .01, p = .03) significantly
predicting Day 2 cortisol slope, while holding the control constant. Perceived stress (5 =
.00, p = .30) did not significantly predict cortisol slope in step two. In step three, the
interaction term (8 = .001, p = .03) incrementally predicted Day 2 cortisol slope (R* = .29,
AR? = .12, p = .03) indicating that together, perceived stress and PTG have an interactive
effect that increases the predictive validity beyond the second model.

Because step three of the hierarchical analysis revealed a statistically significant
interaction between perceived stress and PTG on Day 2 cortisol slope, the simple slopes
were plotted using the Hayes ModProbe macro for SPSS reflecting both centered
continuous perceived stress scores and centered continuous PTG scores. The simple
slopes (see Figure 1) revealed a disordinal interaction between perceived stress and PTG.
Specifically, at low levels of stress PTG did not appear to play a significant role in
cortisol slope outcomes. However, at higher levels of stress, higher reports of PTG were
associated with a flatter and slightly positive cortisol slope across the day. Thus, PTG was
not a buffer and appeared to exacerbate perceived stress’ effect on the flattening of the
Day 2 diurnal cortisol slope.

Conclusion

Hypothesis 2 was not supported. PTG did not moderate the relation between
perceived stress and CRP or Day 1 cortisol slope. While PTG did moderate the
relationship between perceived stress and Day 2 cortisol slope, we hypothesized that PTG
would buffer against indicators of chronic stress, resulting in an increasingly negative
slope, and the present interaction resulted in a flatter and increasingly positive cortisol

slope.
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DISCUSSION

The present study sought to examine associations among perceived psychological
stress (PPS), posttraumatic growth (PTG), and physiological markers of chronic stress
(i.e., CRP and diurnal cortisol slope). Our study had two primary aims: first, to explore if
one’s perception of military combat as traumatic had a significant influence on
physiological markers of chronic stress. Specifically, we predicted that OEF/OIF
Veterans who perceived their combat exposure as traumatic would be significantly more
likely than non-traumatized combat veterans to have a flatter diurnal cortisol slope and
elevated levels of C-Reactive protein (CRP). The second aim of the study sought to
assess if experiences of PTG buffered against the negative physiologic effects of stress.
Specifically, we predicted that the experience of PTG in military combat Veterans would
moderate the relationship between perceived stress and biomarkers of chronic stress, as
indicated by a steeper negative diurnal cortisol slope and lower levels of CRP.

Hypothesis 1

Our first hypothesis was not confirmed. There were not statistically significant
differences between mean levels of morning or evening cortisol, diurnal cortisol slope, or
CRP based on perception of combat exposure as traumatic or non-traumatic. It is possible
that the lack of significant differences in chronic stress markers between groups reflects
the sustained and enhanced psychoneuroendocrine reactivity that may occur following
exposure to combat (Department of Defense, 2015; Van Wingen, Geuze, Vermetten, &
Fernandez, 2011). It is also possible that the time since trauma exposure influenced
results, a notion that the current study did not control for. Future studies should consider

controlling for time since trauma exposure and comparing combat exposed military
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personnel to controls never exposed to combat to see if differences in resting levels of
cortisol and CRP are noted.

Further, while there were not statistically significant differences between groups
on CRP based on trauma perception, the correlation of CRP with combat experiences was
trending toward significance (r=.24; p=.06). This is consistent with previous research
demonstrating high levels of CRP in combat-exposed service members (Groer, Kane,
Williams, & Duffy, 2015), suggesting that combat experiences (i.e., being under enemy
fire, witnessing soldiers/civilians seriously injured or killed, participating in firefights,
etc.) and inflammatory responses may have an additive effect, increasing the risk for
CVD and chronic illness in service members based on degree and number of combat
experiences. The present study did not explore this possibility; however, this would be an
interesting area of future research.

Hypothesis 2
C-Reactive Protein (CRP)

Our second hypothesis was also not supported. PTG did not moderate the relation
between PPS and CRP. Previous research has suggested that frequent exposure to
stressors and prolonged states of arousal may take a toll on physiology despite the
presence of positive psychological traits and physical resilience (Epel, McEven, &
Ickovics, 1998). Therefore, it is possible that the presence of PTG is not sufficient to
offset physical toll of serving in theater (i.e., within an active warzone). Alternately, as
PTG has been described as both an ongoing process and outcome (Calhoun & Tedeschi,
1998; Cann et al, 2010), it is possible that there had not been sufficient time elapsed since

combat exposure for the beneficial impact of PTG to be noted. Future work should
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examine the influence of PTG on CRP levels longitudinally to see if study results vary as
a function of time.
Diurnal Cortisol Slope

Our buffering hypothesis was not also supported when looking at Day 1 and Day 2
diurnal cortisol slopes; however, PTG significantly interacted with PSS scores to predict
a flatter and more positive Day 2 cortisol slope. It is important to note that this interaction
was found only with Day 2 cortisol slope. There was not a significant interaction between
PTG and PSS scores on Day 1 cortisol slope. It is possible that the differences
between Day 1 and Day 2 cortisol could be due to an adjustment effect such that the
participants had better adapted to the new procedure of providing saliva samples on Day
2; making the Day 2 cortisol slope a more accurate representation of their average
cortisol levels. While the present study was limited to two days due to budgetary
constraints, future work should seek to replicate these findings and analyze the cortisol
over four or more days in accordance with standard biological procedures.

Finally, it is possible that the difference between days is due to the small sample and
overall lack of power. As demonstrated in the non-significant simple slope plots (Figures
2 and 3), the diurnal cortisol slope from both Day 1 and Day 2 follow a similar pattern.
Thus, follow-up analyses and future research should seek to assess cortisol slope and
CRP in a larger sample to see if increased statistical power may bring congruence to daily
cortisol slope significance levels.

The disordinal interaction between PTG and PSS scores on Day 2 cortisol slope
revealed that PTG moderated the relationship between PPS and cortisol slope such that

those reporting higher PTG at higher levels of stress had a flatter and slightly positive
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diurnal cortisol slope in comparison to those reporting lower levels of PTG and higher
levels of stress who had a steeper and more negative cortisol slope. This suggests that
PTG is a process which may require energy and physiological support (i.e., cortisol) to
occur. In addition, the interaction suggests that when current perceptions of stress are
higher, one’s body may have to work significantly harder to support processes of growth
and meaning making compared to when one’s perceptions of stress are lower.

While at first glance a positive cortisol slope for those reporting higher PTG may
seem counterintuitive, it is important to remember that all participants had been exposed
to at least moderate levels of combat for extended periods of time (i.e., 6 months or
greater). As indicated by the DASS and PCL scores, average levels of distress and were
high and a large number of study participants met criteria for DSM-V PTSD diagnosis.
Therefore, it is possible that the positive cortisol slope may reflect a general state of
hyperactivity in study participants consistent with prolonged environmental threat (Van
Wingen et al, 2011). Future studies should consider comparing combat exposed military
personnel to controls not exposed to combat to explore this possibility. Relatedly, the fact
that those reporting lower levels of PTG at higher levels of stress did NOT demonstrate
higher levels of cortisol may indicate a sign of dysregulation such that their bodies did
not respond as sensitively to perceptions of stress. Future research should consider
examining this further and employ additional methodology, such as an experimental
stress manipulation, to see if these findings reflect overall differences is cortisol
reactivity.

Additionally, chronic stress-related alterations in biomarkers are often interpreted

as negative and as a manifestation of wear and tear on the body or allostatic load, as
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though the system were a rubber band that lost elasticity (McEwen, 2004). However, an
alternative interpretation is that these changes may represent not so much a loss of
resources, but a reallocation (Aschbacher, O’Donovan, Wolkowitz, Dhabhar, Su, & Epel,
2013). Seen from this light, the positive daily cortisol slope associated with higher levels
of PTG may not necessarily be a dysfunction or failure of the system, but a reflection of
the processes by which one seeks to reconstruct their assumptive worldview in the
aftermath of trauma. Thus, while causal conclusions cannot be derived from the present
study, it is possible that the increased cortisol activation demonstrated in those
participants reporting higher levels of growth and higher perceived stress supports the
notion that PTG is a not just an outcome, but is also a process requiring bodily support in
the form of physiological energy sources (i.e., cortisol).

PTG theory posits that PTG emerges following cognitive and emotional struggle
that emerges from seismic disruption to the assumptive world (Calhoun, Cann, and
Tedeschi, 2010; Calhoun & Tedeschi, 1998; Tedeschi & Calhoun, 2004). This experience
is stressful and challenging both emotionally and cognitively and the trauma survivor
brings to bear various coping resources in order to calm down the emotional reactions
and intrusive ruminations that are set off by the trauma. This experience is also
accompanied by ongoing ruminative processes that start with intrusive thoughts and
images of trauma and give way to more deliberate, reflective thoughts (Cann et al., 2010).
These deliberate ruminations are posited to be effortful processes whereby an individual
actively engages with trauma related thoughts, memories, and emotions (Calhoun &
Tedeschi, 1998; Tedeschi & Calhoun, 2004). These deliberate ruminations drive the

reconstruction of the assumptive world, and their very nature (i.e., deliberate and
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effortful) would suggest that they represent a form of stress (albeit good stress, or
eustress). Therefore, as PTG is an inherently challenging (i.e., stressful) process, cortisol
would be an important source of physiological support as psychological and physical
resources are reallocated to incorporate one’s new reality.

Finally, the model of PTG suggests that growth is a process which may be
dependent on time and degree of resolution. Specifically, as indicated by Zolner and
Maecker (2006), PTG may initially be predicted by concurrent intrusion/distress level
and openness; however, once meaning has been made and resolution achieved, PTG may
be best predicted by openness and initial PTSD severity. The latter finding may point to
the fact that those who suffered to a great degree have simultaneously more potential to
grow from the experience. From this perspective, that those with higher PTG at higher
stress had a positive cortisol slope may be due to the fact that they experienced a higher
level of distress overall. Future research must endeavor to replicate these findings and
incorporate both a longitudinal design and assessment of resolution before making any
causal assumptions.

Limitations and Future Directions

It is important to note that the present cross-sectional study provides only a
snapshot (i.e., cross-sectional) view of a group of male OEF/OIF combat veterans with
varying histories and attributes. Our sample was small (N=33) and underpowered, and we
did not compare participants to a control group. We also did not collect data assessing
years since most recent deployment or years since military separation. Thus, this study
presents many limitations and should be considered as a first step in understanding the

biobehavioral experiences of this unique and growing population. Collection of
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longitudinal data and the inclusion of both females and a comparison group of individuals
not engaged in military life/combat would be the next logical step in this research
program.

CRP is a robust inflammatory marker associated with chronic illness and is
widely used by medical and academic professionals to assess systemic inflammation
levels. However, it is only a single biomarker of systemic inflammation. Future work
should extend these analyses to include other proinflammatory biomarkers associated
with chronic illness, such as IL-6, IL-1, and TNFa, to assess the influence of PTG on the
relation between PPS and multiple markers of systemic inflammation. Cortisol was
assessed at only two time points over the course of two days. Assessing cortisol at three
or more time points would allow us to assess the influence of PTG on cortisol from a
curvilinear perspective, consistent with past work supporting this type of analysis (Kleim
& Ehlers, 2009). Future work should also consider investigating the role of delayed
cortisol recovery, which might provide a better assessment of chronic stress reactivity
and give support to the wear and tear model. Finally, future research must endeavor to
incorporate both a longitudinal design and assessment of traumatic resolution before
making any causal assumptions.

Conclusions

Despite these noted limitations, this study provided a beginning view of
experiences of PTG in a military population using a perspective provided by
physiological stress theory. Results demonstrated that there were not significant
differences in physiological markers of chronic stress despite one’s perception of military

combat as traumatic or not, which may reflect a general physiological hyperactivity
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related to prolonged combat exposure. Further, while PTG did not significantly interact
with PSS scores to predict a steeper negative cortisol slope or decreased levels of CRP, a
significant interaction was found in Day 2 cortisol slope such that those reporting higher
PTG at higher levels of stress had a flatter and slightly positive diurnal cortisol slope in
comparison to those reporting lower levels of PTG and higher levels of stress who had a
steeper and more negative cortisol slope. This flatter and more positive cortisol slope in
those reporting higher growth at higher levels of stress may represent a reallocation of
physiological resources needed to support the reconstruction of the assumptive
worldview following trauma. Alternately, it may reflect that PTG is a coping strategy
through which those who are highly reactive to stress attempt to cope with their trauma.
In sum, study findings provide preliminary initial support for biobehavioral
associations with experiences of PTG and introduce CRP and cortisol as potential
mechanisms through which PTG influences physical health. Caution is directed to future
assumptions that PTG has a strictly salutary effect on physical markers like diurnal
cortisol slope and CRP, and it is recommended that longitudinal follow-up studies are

conducted to investigate more proximal links between PTG and biobehavioral outcomes.
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