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Abstract

Heart rate variability is a physiological measure associated with autonomic nervous system
activity. This study hypothesized that lower pre-deployment HRV would be associated with higher
post-deployment post-traumatic stress disorder (PTSD) symptoms. Three-hundred-forty-three
Army National Guard soldiers enrolled in the Warriors Achieving Resilience (WAR) study were
analyzed. The primary outcome was PTSD symptom severity using the PTSD Checklist — Military
version (PCL) measured at baseline, 3- and 12-month post-deployment. Heart rate variability
predictor variables included: high frequency power (HF) and standard deviation of the normal
cardiac inter-beat interval (SDNN). Generalized linear mixed models revealed that the pre-
deployment PCL*In(HF) interaction term was significant (p < 0.0001). Pre-deployment SDNN
was not a significant predictor of post-deployment PCL. Covariates included age, pre-deployment
PCL, race/ethnicity, marital status, tobacco use, childhood abuse, pre-deployment traumatic brain
injury, and previous combat zone deployment. Pre-deployment heart rate variability predicts post-
deployment PTSD symptoms in the context of higher pre-deployment PCL scores.

Keywords

Post-traumatic stress disorder (PTSD); military; risk factors; combat stress; prediction;
longitudinal; heart rate variability

1. Introduction

A variety of risk factors have been identified that contribute to the development of post-
deployment combat-related post-traumatic stress disorder (PTSD) (U.S. Department of
Defense Task Force on Mental Health, 2007). The majority of PTSD risk factors are based
on self-report. Self-report risk factors include: pre-trauma factors (e.g., family or personal
history of mental disorders, age at trauma, socioeconomic status, personality traits, previous
or early traumatization, negative parenting experiences, education, intelligence), peri-trauma
factors (e.g., magnitude of stressor, perceived life threat, traumatic brain injury (TBI),
emotional responses, dissociation), and post-trauma factors (e.g., social support, emerging
symptoms, subsequent life stress) (Brewin, Andrews, & Valentine, 2000; Hoge, Austin, &
Pollack, 2007; King, King, Keane, Fairbank, & Adams, 1998; Ozer, Best, Lipsey, & Weiss,
2003; Ehlers, Mayou, & Bryant, 1998; Marmar et al., 2006; Shalev, Peri, Canetti, &
Schreiber, 1996). Pre-deployment self-report risk factors for PTSD in Operation Enduring
Freedom (OEF) and Operation Iragi Freedom (OIF) Veterans also include: positive pre-
deployment mental health screen, previous combat exposure, number of deployments,
enlisted pay grade, and pre-military violence exposure (Koffel, Polusny, Arbisi, & Erbes,
2013; Phillips, Leardmann, Gumbs, & Smith, 2010; Sandweiss et al., 2011; Yurgil et al.,
2013).

Biol Psychol. Author manuscript; available in PMC 2017 March 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pyne et al.

Page 3

Historically, studies identified post-deployment associations between biological factors and
PTSD symptoms. For example, in World Wars | and 11, elevated post-deployment
physiological reactivity to auditory stimuli was associated with poor mental health outcomes
(Kardiner, 1941; Meakins & Wilson, 1918). More recent studies have found that
physiological reactivity (increased heart rate, cardiac acceleration, skin conductance, and
motor eye-blink response) to audiovisual combat cues and individually-tailored imagery
scripts of stressful combat experiences discriminated veterans with PTSD from veterans
without PTSD, veterans with other psychiatric disorders, and non-veterans (Blanchard,
Kolb, & Prins, 1991; Pitman, Orr, Forgue, de Jong, & Claiborn, 1987; Wolfe et al., 2000;
Forneris, Butterfield, & Bosworth, 2004). Even 20 years after combat exposure,
physiological measures (heart rate, skin conductance, and eye blink startle) collected while
viewing combat-related still pictures and listening to combat-related stimuli correctly
classified two-thirds of veterans with and without PTSD (Keane et al., 1998). A limitation of
these prior studies is that they were typically cross-sectional and therefore it was not
possible to ascertain if these physiological measures represented a higher vulnerability for
developing PTSD.

More recently, there are an increasing number of longitudinal studies evaluating
physiological pre-trauma predictors of post-trauma PTSD. For example, in firefighters and
police officers pre-trauma physiological responses to acoustic startle predicted post-trauma
PTSD symptoms (Guthrie & Bryant, 2005; Orr et al., 2012; Pole et al., 2009). In military
personnel, pre-deployment physiological predictors of post-deployment PTSD include
attention bias, eye gaze tracking, various glucocorticoid receptor pathway components, and
DNA methylation (Wald et al., 2013; Beevers, Lee, Wells, Ellis, & Telch, 2011; Rusiecki et
al., 2012; van Zuiden et al., 2012). The recent Marine Resiliency Study (MRS) also
evaluated pre-deployment heart rate variability (HRV) as a predictor of post-deployment
PTSD and found that lower pre-deployment HRV (measured by increased low-frequency
(LF) to high-frequency (HF) ratio) was associated with a higher risk of post-deployment
PTSD diagnosis in a sample of active duty Marines (Minassian et al., 2015).

The Warriors Achieving Resilience or WAR study reported here examined pre-deployment
HRV (measured by HF) as a physiological predictor of post-deployment PTSD in Army
National Guard soldiers. HRV was chosen because of its theoretical and empirical
association with the autonomic and central nervous systems (Porges, 2007; Thayer, Hansen,
Saus-Rose, & Johnsen, 2009). We chose HF for the main analysis because compared to
other HRV measures; the interpretation of HF may be the least ambiguous (Billman, 2013;
Eckberg, 1997). Reduced HRV has been reported in patients with PTSD, depression, and
other anxiety disorders (Agelink, Boz, Ullrich, & Andrich, 2002; Cohen and Benjamin,
2006; Ginsberg, Berry, & Powell, 2010). It has been suggested that higher HRV is associated
with psychological resiliency and autonomic flexibility, reflecting the individual's capacity
to adapt effectively to changing social or environmental demands and perform cognitive
tasks requiring the use of executive functions (McCraty and Zayas, 2014; Thayer et al.,
2009).

Physiological pre-trauma predictors of PTSD (such as HRV) remain understudied (Brewin et
al., 2000; Ozer et al., 2003). Identifying physiological predictors of post-deployment PTSD
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is consistent with current National Institute of Mental Health Research Domain Criteria
(RDoC) efforts to develop neurobiological measures of psychopathology. (National Institute
of Mental Health, 2011) Applying the RDoC Matrix, the domain of functioning for this
study is the Arousal and Regulatory Systems and the units of analysis would be Physiology
(HRV) and Self-Report (PTSD symptom severity).

Army National Guard soldiers were chosen for the WAR study because National Guard
service members may be at increased risk for post-deployment PTSD compared to active
duty service members (U.S. Department of Defense Task Force on Mental Health, 2007).
Similar to the MRS, the WAR study hypothesized that lower pre-deployment HRV would be
associated with greater post-deployment PTSD symptoms. Differences between these
studies include sample (MRS active duty Marines, WAR study Army National Guard),
longer post-deployment follow-up (MRS 4-6 months post-deployment, WAR study 12-
months post-deployment), inclusion of relevant covariates (WAR study includes history of
childhood abuse, current tobacco use, and respiratory rate), and outcome measure (MRS
Clinician-Administered PTSD Scale, WAR study PTSD Checklist).

OEF/OIF post-deployment rates of PTSD range from 5.5 to 13.2% suggesting that most
military service members are resilient to this post-deployment outcome (Kok, Herrell,
Thomas, & Hoge, 2012). However, there is an urgent need to identify physiological and
modifiable risk factors for post-deployment mental health problems.

2. Methods and materials

2.1. Design

The results reported here are part of a larger longitudinal study that included a pre-
deployment assessment and two post-deployment assessments at 3- and 12-months post-
deployment. There were two aspects to this study, one was examining pre-deployment
predictors of post-deployment PTSD symptoms (reported here) and the other was testing
pre-deployment resilience trainings (will be reported elsewhere). There were three resilience
training study arms: control arm (no additional training), HRV biofeedback, and cognitive
bias feedback. The active study arms each received one hour of classroom training which
occurred after pre-deployment data collection. The results reported here examined the
relationship between pre-deployment HRV and 3- and 12-month post-deployment PTSD
symptom severity. This study was approved by the Army Human Research Protection Office
and the Central Arkansas Veterans Healthcare System Institutional Review Board.

2.2. Participants

Virginia Army National Guard soldiers assigned to either an Aviation or Infantry battalions
scheduled to deploy to Iraq in 2011 were recruited to participate. Commanders of both units
approved the study for their assigned soldiers. The Aviation battalion deployed in May 2011
and returned in December 2011 and the Infantry battalion deployed in July 2011 and
returned December 2011. The withdrawal of American military forces from Iraq was
completed by December 2011.
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2.3. Inclusion/exclusion criteria

Army National Guard soldiers were eligible for the study if they were scheduled to deploy
for OIF/OEF operations within the next 12 months, age 18-60, willing to provide the name
and phone number of at least one person to help locate the member for the follow-up
assessments, and were not taking beta-blockers or daytime benzodiazepines. Soldiers were
not excluded for taking the following medications: antidepressant (N = 2), stimulant (N = 3),
antihypertensive (mostly angiotensin-converting enzyme inhibitor, N = 16). No soldiers
reported taking prazosin.

2.4. Recruitment and data collection procedures

The study was presented to large groups of soldiers during a pre-deployment Soldier
Readiness Processing (SRP) drill weekend. Each soldier met privately with a member of the
research team who explained the study. Those who were interested in participating in the
study completed a written informed consent process and eligibility screening at that time.
Commanders were not informed about whether or not a soldier was participating in the
study. A similar recruitment procedure was used successfully in a previous study of active
duty Army soldiers (Vasterling et al., 2006). The 3- and 12-month post-deployment follow-
up assessments were similarly voluntary and completed in-person during drill weekend
(except for 29.8% (70/235) of 12-month assessments that were completed by phone or mail).
Approximately one and two years passed between pre-deployment data collection and 3- and
12-month post-deployment assessments, respectively.

A total of 600 soldiers completed the written consent process resulting in a 54% (600/1112)
participation rate. Pre-deployment data were collected during a subsequent 2-week pre-
deployment training. Four-hundred twenty-six soldiers completed the pre-deployment
assessment during pre-deployment training. Fifteen of these soldiers did not deploy and
were excluded from further analyses. Of the 411 remaining participating soldiers (N = 114
Aviation, N = 297 Infantry), 83.5% (343/411) completed one or both of the post-deployment
research assessments. Three-hundred and seven soldiers completed the 3-month and 235
completed the 12-month follow-ups. Sixty (17.5%) participants had at least one missing data
point including 30 soldiers whose HRV measures were considered to be unusable (defined
below). Missing data were imputed into five data sets using a Markov chain Monte Carlo
method. (Schafer, 1997) Soldiers who completed follow-up assessments were older, more
likely Caucasian, more likely to have some formal education beyond high school, higher
military rank, and more likely to have previously deployed overseas compared to those who
did not complete follow-up assessments.

2.5. Measures

Pre-and post-deployment data collection included: sociodemographics, military
demographics, current tobacco use, mental health symptoms, and heart rate variability.
Sociodemographic variables included age, gender, race/ethnicity, education, and marital
status. Race/ethnicity was self-reported according to the following categories: American
Indian or Alaskan Native; Asian/Oriental or Pacific Islander; Black/African American;
White/Caucasian, not of Hispanic origin; Hispanic, or Other. Childhood abuse was defined
as childhood physical or sexual abuse using the Pre-Deployment Life Events scale from the
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Deployment Risk and Resilience Inventory (DRRI) (Mogt, Proctor, King, King, &
Vasterling, 2008). Military variables included rank (dichotomized to Staff Sergeant or E6
and below), years of active service, years of total service, number of deployments,
deployment to combat zone, pre-deployment traumatic brain injury (TBI), and combat
experiences during the most recent deployment. Pre-deployment TBI was assessed using the
DoD Post-Deployment Health Assessment TBI screen. Combat experiences were assessed
using the 15-item Combat Experiences Survey adapted for OEF/OIF veterans (Hoge et al.,
2004). Resilience was measured using the 25-item Connor and Davidson Resilience scale
(Connor & Davidson, 2003). PTSD symptom severity was measured using the 17-item
PTSD Checklist — Military version (PCL) (Keen, Kutter, Niles, & Krinsley, 2008; Weathers,
Litz, Herman, Huska, & Keane, 1993). A PCL cut-off score of 50 or greater was used in
logistic models consistent with post-deployment surveillance studies (Hoge et al., 2004;
Terhakopian, Sinaii, Engel, Schnurr, & Hoge, 2008). A post-hoc cut-off score of PCL > 34
consistent with clinical screening for PTSD (Bliese et al., 2008) was also used for the 3- and
12-month post-deployment logistic regression because too few soldiers reported 12-month
PCL > 50.

Resting state HRV was measured for 10 min at the start of data collection using a J&J
Engineering 1-330-C2 Plus multichannel bioamplifier instrument with 3 M Red Dot ECG
electrodes (Ag/AgCl reusable gel free sensors) just below each collarbone. Respiration rate
was measured simultaneously using one respiration-monitoring belt with a magnetic strain
gauge sensor placed around the upper abdomen. All participants were in a standardized
seated position. The maximum sampling rate per channel was 1024 samples per second.
ECG data were used to determine the inter-beat-intervals (IBI) measured in milliseconds and
calculate the standard deviation of R-R intervals (SDNN), low frequency (LF, 0.04-0.15
Hz) power and high frequency (HF, 0.15-0.4 Hz) power (ms?2). There are non-autonomic
contributions to HRV, however, HF tends to be associated with efferent parasympathetic
activity and SDNN with both sympathetic and parasympathetic activity (Task Force of the
European Society of Cardiology & the North American Society of Pacing &
Electrophysiology, 1996). Low frequency (LF, 0.04-0.15 Hz) power results were similar to
those found for SDNN and are not reported here but are available from first author upon
request. The first 9 min of resting ECG data was divided into consecutive three minute
segments. HRV analysis was performed separately on each 3-min segment and averaged
together. Each segment was de-trended (least squares method) and a Hanning window
applied prior to power spectral density calculation. HF power was natural log transformed
before analysis because of the wide range and highly skewed distribution of raw HF values.
All aberrant data were removed by a trained human technician prior to analysis. Usable pre-
deployment HRV data was defined as less than 10% ectopic or aberrant beats (due to
participant movement or equipment malfunction) and usable HRV data were available for
91.3% (313/343) of the sample. Heart rate was measured in beats per minute for an
additional analysis using heart rate as the predictor of interest.

2.6. Statistical analysis

Statistical analyses were conducted using SAS 9.3. Sociodemo-graphic and clinical
comparisons between soldiers who completed the 3- and 12-month post-deployment
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assessments and those who did not, were conducted using chi-square test for categorical data
and t-tests for continuous data. Dependent variables were PTSD symptom severity based on
PCL and independent variables of interest were HRV. Multiple imputations (Rubin, 1976)
were performed for the sample using SAS MI procedure because 17.5% (60/343) of soldiers
were missing a combination of pre-deployment combat zone exposure, TBI, childhood
abuse, most recent deployment combat exposure, and baseline HRV data. Five imputed data
sets were generated to account for the uncertain nature of missingness. Analyses were
repeated for each of five imputed datasets and then combined using the SAS MIANALYZE
procedure.

Due to the repeated measures for each participant, generalized linear mixed (SAS
GLIMMIX) models were fit with a random intercept to account for within participant
correlation. Continuous PCL scores were not normally distributed. Typically a gamma
distribution with log link would be specified for the model; however, these results were
similar to those using normal distribution and identity link. Therefore, normal distribution
and identity link results are reported here for ease of interpretation. Standardized coefficients
were also included as a proxy for effect size in Table 3. A GLM logit model was used to
examine the effect of pre-deployment HRV on post-deployment dichotomous measures of
PTSD symptom severity (PCL > 34 and PCL > 50).

A purposeful selection method was used to identify candidate pre-deployment covariates
based on a literature review and were included in the multivariate analysis based on bivariate
association with post-deployment PTSD symptom severity (p < 0.2) (Hosmer & Lemeshow,
2000). In addition, although the pre-deployment correlations between PCL and HRV
variables were not significant in our study (p-values > 0.8), others have reported significant
cross-sectional correlations (e.g., Marine Resilience Study). Therefore, we tested for this
interaction term and found it was significant indicating that PCL moderated the effect of
HRV on future PCL outcomes. The primary aim of this study was to evaluate pre-
deployment predictors of post-deployment PTSD symptom severity. Deployment related
predictors were added post-hoc to the pre-deployment model.

3.1. Descriptive and bivariate correlations with PCL

Soldiers in this study cohort were generally young, Caucasian enlisted males, who had low
levels of pre-deployment PTSD symptoms (Table 1). If they had deployed previously, nearly
all had deployed to an Internal Revenue Service recognized combat zone. The following
variables met criteria (bivariate correlation with 3-month post-deployment PTSD symptom
severity p < 0.20) to be included as covariates in the models: age, race, tobacco use, history
of childhood abuse, previous deployment to a combat zone, number of previous
deployments, pre-deployment TBI, and pre-deployment PCL (Table 2). Previous deployment
to a combat zone and number of previous deployments both met criterion to be included as
covariates. Previous deployment to a combat zone was included in the main analysis because
it had the strongest correlation with 3-month post-deployment PCL and the multivariate
results reported below were unchanged when number of previous deployments was used
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instead. Fewer covariates met inclusion criterion for the logistic regression model but for
ease of presentation we used the same covariates for the linear and logistic models.

3.2. Multivariate HF model predicting continuous PCL

Table 3 presents the generalized linear mixed model where HF is the predictor of interest.
The pre-deployment PCL*In(HF) interaction term was significant (p < 0.0001). Significant
covariates included race and pre-deployment TBI. A similar pattern was noted when using
SDNN as the predictor of interest except that the pre-deployment PCL*SDNN interaction
term was not significant (p = 0.069). The main effect of SDNN in the model without the pre-
deployment PCL*SDNN interaction term was also not significant (p = 0.091).

The Figure provides a visualization of the pre-deployment PCL*In(HF) interaction effect, at
3- and 12-month post-deployment by pre-deployment HF for soldiers with pre-deployment
PCL scores of 34 and 50. The Figure demonstrates the moderating effect of pre-deployment
PCL on HF in predicting both 3- and 12-month post-deployment PCL scores. In this sample,
the effect of HF became significant (p < 0.05) when pre-deployment PCL was 24 and higher
when predicting follow-up PCL (Fig. 1).

When the following deployment-related predictors of PTSD were added post-hoc to the
generalized linear mixed model presented in Table 3, the pre-deployment PCL*In(HF)
interaction term remained significant (p < 0.0001). The deployment-related predictors and
their p-values were TBI that occurred during the current deployment (p = 0.002), the number
of combat exposures experienced during current recent deployment (< 0.0001), resilience
training arm (p = 0.280), and number of days to completing follow-up (.055). The mean
number of days from returning home to completing the 3- and 12-month follow-up (101.1,
SD =55.0 and 434.9 SD = 48.1, respectively) was not correlated with 3- or 12-month post-
deployment PCL (p = 0.87 and p = 0.08 respectively). The HRV results were also not
changed when the four soldiers who completed 3-month and one soldier who completed the
12-month post-deployment follow-up and reported pre-deployment PCL > 50 were excluded
from the analyses. Further, using Table 3 model, pre-deployment PCL*heart rate (replacing
HRV) interaction term was not significant and pre-deployment heart rate alone was not a
significant predictor of post-deployment PTSD (p = 0.434).

3.3. Multivariate HF model predicting dichotomous PCL

The proportion of soldiers with pre-deployment PCL > 50 and PCL > 34 was 1.46% (5/343)
and 10.79% (37/343) at baseline, 5.21% (16/307) and 22.15% (68/307) at 3-month post-
deployment, and 2.55% (6/235) and 16.17% (38/235) at 12-months post-deployment,
respectively. Similarly, in the HF logit model, the pre-deployment PCL*In(HF) interaction
term was significant when predicting PCL > 34 and PCL > 50 (B =-0.04, p=0.014 and
=-0.05, p = 0.018, respectively) (Table 4). Significant covariates included race in models
predicting PCL > 34 and PCL > 50. In the SDNN logit models, the pre-deployment
PCL*pre-deployment SDNN interaction term was not significant in either model (p = 0.478
and p = 0.115, respectively). After removing the interaction term the main effect of pre-
deployment SDNN was also not significant (p = 0.207 and p = 0.096, respectively).
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4. Discussion and conclusions

Pre-deployment HF was a significant predictor of continuous and dichotomous PTSD
symptom severity but only for those soldiers with higher pre-deployment PCL scores. This
study demonstrated a significant inverse relationship between pre-deployment HRV and
post-deployment PTSD symptom severity for soldiers with a pre-deployment PCL score of
24 or more. These results were found when controlling for pre-military violence exposure,
previous deployment, pre-deployment TBI, and pre-deployment PCL which are often
considered the strongest predictors of post-deployment PTSD in military service members
(Phillips et al., 2010; Smith et al., 2008). In addition, the results were unchanged when
controlling for deployment-related variables which were not available during pre-
deployment assessment (current deployment TBI, current deployment combat experiences,
and number of days to follow-up completion). In addition, pre-deployment heart rate was not
a significant predictor of post-deployment PTSD symptoms. Therefore, there is value added
to measuring HRV compared to heart rate alone.

According to the standardized coefficients presented in Table 3, the strongest predictor was
pre-deployment PCL followed by the pre-deployment PCL*pre-deployment HRV interaction
term and pre-deployment HF. Pre-deployment PCL scores could possibly be modified with
medications or psychotherapy (11% reported pre-deployment PCL > 34 and 1.5% reported
pre-deployment PCL > 50). Based on the main effect of pre-deployment HRV and the pre-
deployment PCL*pre-deployment HRV interaction term results, pre-deployment HRV had a
significant effect on post-deployment PCL for soldiers reporting pre-deployment PCL > 24.
Other statistically significant predictors were race and history of pre-deployment TBI and
these could be used as additional risk factors. However, PCL and HRV are the only
significant pre-deployment predictors that are modifiable.

Of all the HRV measures, HF is more specifically associated with parasympathetic (vagal)
activity. (Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996) Reduced vagally mediated HRV has also been
linked to reduced self-regulatory capacity and cognitive functions that involve the executive
centers of the prefrontal cortex (Geisler, Kubiak, Siewert, & Weber, 2013; McCraty and
Zayas, 2014; Thayer et al., 2009). This findings reported here from the WAR study suggest
that those soldiers with higher pre-deployment PCL scores plus evidence of poor autonomic
regulation may be at increased risk for post-deployment PTSD symptoms.

A recent meta-analysis demonstrated that anxiety disorders, including PTSD, were
associated with lower HRV independent of medication use, physical health or mental health
comorbidity (Chalmers, Quintana, Abbott, & Kemp, 2014). The Central Autonomic
Network (Thayer et al., 2009) and Polyvagal Theory (Porges, 2007) describe anxiety
symptoms being due to a deficit in the inhibitory activity of the parasympathetic nervous
system. There is also evidence that HRV is associated with attentional and affect regulation,
behavioral flexibility, cerebral blood flow (Thayer et al., 2009); inflammatory response
(Cooper et al., 2015); cardiovascular disease (Tsuji et al., 1996); genetic markers (Newton-
Cheh et al., 2007); and self-reported health status (Jarczok et al., 2015).
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In the MRS study, the only significant HRV variable was the LF/HF ratio which predicted
post-deployment PTSD diagnosis not PTSD symptom severity (Minassian et al., 2015). Pre-
deployment HF was not a significant predictor of PTSD diagnosis or PTSD symptom
severity in the MRS. In comparison, pre-deployment HF was a significant predictor of post-
deployment PTSD for soldiers with higher pre-deployment PCL scores in the WAR study.
As mentioned above there are many differences between the MRS and the WAR study in
terms of sample, covariates, outcome measure, and follow-up duration. However, both
studies found a modest association between pre-deployment HRV and post-deployment
PTSD.

These results do not suggest a clear pre-deployment HRV cut-point for predicting
vulnerability to post-deployment PTSD. Low HRV is most likely one of many possible risk
factors for post-deployment PTSD, including genetic influences, neural pathways, and
environmental factors. Even so, HRV is modifiable and the availability of personal training
devices and smartphone apps that include HRV measurement is increasing rapidly.

The goal of predicting resilience to combat stress prior to deployment to a war zone has been
pursued for many years (Shephard, 2003). Service members currently receive resilience
training to improve stress tolerance in all branches of military service, e.g., Comprehensive
Soldier and Family Fitness (CSF2) in the Army, Marine Total Fitness in the Marine Corps,
Navy Operational Stress Control, and Resilience Mobile Training Teams in the Air Force.
The VA/DoD Clinical Practice Guideline for Management of PTSD also lists breath training
(known to increase HRV) as a strongly recommended component of PTSD psychotherapy.

Limitations to this study include controversies associated with interpretation of all measures
of HRV, e.g., the association between HF and total vagal tone may not be as strong as
suspected (Grossman & Kollai, 1993). Pre-deployment data was collected during a time of
stressful pre-deployment training and it is not known how these results would differ if the
pre-deployment data were collected during a time of less stressful training. In general, there
was a low level of PTSD symptom severity and low number of soldiers with post-
deployment PCL scores of 50 or more. It is not known if the HRV results would be the same
for military units with higher levels of post-deployment PTSD symptoms. The relationship
between pre-deployment HRV and post-deployment PCL was analyzed within the context of
an HRV-based resilience training intervention. However, as reported above, controlling for
study arm did not change the pre-deployment HRV prediction results. There are other
predictors of combat stress vulnerability that were not included in this study, including unit
cohesion and morale, trust and confidence in leadership, and training quality. The follow-up
rate was relatively low, 74.7% (307/411) at 3-months and 57.2% (235/411) at 12-months,
however these rates compare favorably with the 62.0% 4-6 month MRS follow-up rate
(Minassian et al., 2015). There were also significant differences in the sociodemo-graphic
and military experience variables between those soldiers who completed post-deployment
follow-up assessments and those who did not. However, the variables that distinguished
follow-up completers from non-completers appeared to be associated with age and rank and
may reflect the difficulty of younger, lower ranking soldiers getting the time to complete the
follow-up interviews during drill weekend. Further, there were no differences between
follow-up completers and non-completers in pre-deployment PTSD or any measure of HRV.
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Another possible limitation is using the PCL as the outcome measure, which soldiers
recognize as a PTSD screening questionnaire, and as such they may not provide honest
responses (Sundin et al., 2014; Warner et al., 2011). However, controlling for secondary gain
using self-report measures of over-reporting is not straight-forward (Constans et al., 2014;
Brady et al., 2015).

In conclusion, pre-deployment HF in the context of higher pre-deployment PTSD symptom
severity (PCL > 24) appears to be a significant physiological predictor of post-deployment
PTSD symptom severity. HRV measurement has the practical advantages of being simple to
measure and it can be improved with appropriate training.
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Fig. 1.
Predicted 3- and 12-month Post-deployment PTSD Severity by Pre-deployment PTSD

Severity and High Frequency (HF) Power HRV.1

1Rationale for pre-deployment PCL levels: 50 = common cutoff for positive PTSD screen in
surveillance studies(Hoge et al., 2004; Terhakopian et al., 2008) and 34 = recommended
cutoff for clinical screening for PTSD. (Bliese et al., 2008)
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Table 1

a

Pre-deployment Socio-demographic and Clinical Variables (N = 343)".

Variable Mean (SD) or N (%)b
Age (SD) 28.67 (8.41)
Male (%) 315 (91.84)
Caucasian (%) 241 (70.26)
Married or Cohabitating (%) 160 (46.65)
Education beyond High School (%) 268 (78.13)
Tobacco Use (%) 160 (46.65)
Childhood Abuse (%) 52 (15.16)
Rank E6 or below (%) 293 (85.42)
Years in Military (SD) 7.87 (7.94)
Previous Overseas Deployment (%) 155 (45.19)
Number of Previous Deployments (SD) 0.78 (1.18)
Previous Combat Zone Deployment (%) 148 (43.15)
Number of Most Recent Combat Experiences (SD)  2.30 (1.85)
Infantry battalion (%) 248 (72.30)
Conner Davidson Resilience Scale (SD) 83.90 (10.34)
Pre-deployment TBI (%) 14 (4.08)
Pre-deployment PCL(SD) 23.27 (8.47)
Pre-deployment PCL = 34 (%) 37 (10.79)
Pre-deployment PCL 250 (%) 5 (1.46)
Pre-deployment Respiration Rate® 15.01(3.89)
Pre-deployment In(HF) (SD) 4.64 (1.23)
Pre-deployment SDNN (SD) 47.25 (21.29)

a L . - . . . . . . .

Abbreviations: TBI = traumatic brain injury, PHQ-9 = 9-item Patient Health Questionnaire for depression, PCL-M = military version of Post-
traumatic Stress Disorder Checklist, SDNN = standard deviation of normal beat to beat or R-R interval, In(HF) = natural log of high frequency
heart rate variability band.

bResuIts displayed as mean with (SD) and N with (%). 343 subject completed either the 3-month or 12-month follow-up.

C . . .
Respiratory rate in breaths per minute.
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Correlation Matrix of Pre-Deployment Variables with 3-month Post-Deployment PCL (n = 307).

Table 2

Variable Correlation Coefficient  p-value
Age 0.103 0.070
Male 0.032 0.574
Caucasian -0.106 0.062
Married or Cohabitating 0.067 0.238
Education beyond High School -0.038 0.512
Tobacco Use 0.101 0.078
Childhood Abuse 0.190 0.0008
Rank E6 or below 0.025 0.666
Conner Davidson Resilience Scale 0.004 0.943
Number of Previous Deployments 0.165 0.004
Previous Combat Zone Deployment  0.175 0.002
Pre-deployment TBI 0.211 0.0002
Pre-deployment PCL-M 0.465 <0.0001
Pre-deployment Respiration Rate 0.041 0.489
Pre-deployment SDNN -0.129 0.026
Pre-deployment In(HF) —-0.148 0.015
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Table 3

Pre-deployment High Frequency Domain (HF) Heart Rate Variability Generalized Linear Mixed Model

Predicting Post-deployment PCL.

Variable Estimate (SE)  Standardized Estimate (SE) p-value
Age 0.01 (0.08) 1.36 (15.07) 0.928
Race (1 = Caucasian, 0 = non-Caucasian) -3.33(1.12) -35.27 (11.86) 0.003
Marital (1 = Married/Cohabitating, 0 = Other) -0.61 (1.14) -7.15 (13.25) 0.590
Tobacco use (1 = Yes) 0.64 (1.04) 7.46 (12.09) 0.538
Childhood abuse (1 = Yes) 2.34 (1.36) 20.21 (11.75) 0.087
Previous combat zone exposure (1 = Yes) -0.05 (1.18) —-0.63 (13.58) 0.963
Pre-deployment Traumatic Brain Injury (1 = Yes) 8.39 (2.70) 35.51 (11.29) 0.002
Time (3-month PCL versus 12-month) 2.31(0.57) 26.63 (6.56) <0.0001
Pre-deployment Respiration Rate 0.06 (0.14) 5.44 (12.75) 0.670
Pre-deployment PCL 1.28(0.22) 234.47 (39.65) <0.0001
Pre-deployment In(HF) 3.16 (1.16) 92.60 (34.30) 0.008
Pre-deployment PCL* Pre-deployment In(HF) -0.17 (0.04) —-189.29 (49.88) 0.0002
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Table 4

Page 19

Pre-deployment High Frequency Domain (HF) Heart Rate Variability Generalized Linear Mixed Model Binary

Distribution/Logit Link.

Variable PCL >34 PCL >50
Estimate (SE) p-value Estimate (SE) p-value

Age -0.004 (0.02)  0.857 -0.04 (0.05) 0.434
Race (1 = Caucasian, 0 = non-Caucasian) -0.81(0.32) 0.011 -1.11 (0.66) 0.093
Marital (1 = Married/Cohabitating, 0 = Other) -0.31(0.33) 0.356 -0.12 (0.66) 0.861
Tobacco use (1 = Yes) 0.24 (0.30) 0.439 0.17 (0.64) 0.785
Childhood abuse (1 = Yes) 0.53 (0.36) 0.145  1.30(0.70) 0.063
Previous combat zone exposure (1 = Yes) -0.13 (0.35) 0.718 -0.63 (0.78) 0.420
Pre-deployment Traumatic Brain Injury (1 = Yes) 1.72 (0.71) 0.016 1.51 (0.99) 0.131
Time (3-month PCL versus 12-month) 0.35 (0.26) 0.177 0.88 (0.63) 0.163
Pre-deployment Respiration Rate -0.002 (0.04)  0.965 -0.14 (0.10) 0.171
Pre-deployment PCL 0.26 (0.08) 0.001 0.41 (0.13) 0.002
Pre-deployment In(HF) 0.66 (0.41) 0.110 1.64 (0.80) 0.041
Pre-deployment PCL* Pre-deployment In(HF) -0.04 (0.02) 0.020 -0.07 (0.03) 0.008
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