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Abstract

Background—Exercise training positively impacts mental health, yet remains untested in older
adults with posttraumatic stress disorder (PTSD). We conducted a randomized controlled pilot trial
to test the feasibility and acceptability of exercise training in older veterans with PTSD.

Methods—Fifty-four veterans =60 years, with a DSM-V diagnosis of PTSD, were randomized to
supervised exercise (n=36) or wait-list (WL; n=18). Primary outcomes included recruitment rates,
attendance, satisfaction, and retention. Secondary outcomes included changes in PTSD symptoms,
depression, health-related quality of life, and sleep quality; assessed at baseline and 12 weeks.

Results—There were no adverse events. Attrition was minimal (14%), and adherence to the
exercise intervention was high (82%). Clinically significant improvements in PTSD and related
conditions were observed following exercise (Cohen’s ¢=0.36-0.81).

Conclusions—Exercise training is safe and acceptable in older adults with PTSD, may improve
PTSD symptoms, and broadly impacts PTSD-related conditions. Future definitive trials are
warranted.
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Introduction

Posttraumatic stress disorder (PTSD) is one of the most common health conditions among
U.S. military service members (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). For
many, PTSD is a chronic condition with symptoms that persist over years or even a lifetime
(Chopra et al., 2014). Indeed, the estimated prevalence of PTSD is 30% among older,
Vietnam-era veterans (Kulka et al., 1990). The prevalence of persistent PTSD among older
Veterans is troubling in light of the negative, long-term, and often cascading, consequences
of this condition. PTSD often co-occurs with depression and anxiety, and has a profound
negative impact on individuals’ well-being and functioning (Dedert, Calhoun, Watkins,
Sherwood, & Beckham, 2010; Farr, Sloan, Keane, & Mantzoros, 2014; Pietrzak, Goldstein,
Southwick, & Grant, 2012a, 2012b). It appears that these associations are exacerbated over
time, and in the context of aging; profoundly affecting one’s physical and mental health
functioning into late-life (Davison et al., 2016; Durai et al., 2011; Smith, Tyzik, Neylan, &
Cohen, 2015).

PTSD symptoms occur in four distinct clusters reflecting mood disturbances and emotional
numbing, avoiding people or places that bring the trauma to mind, exaggerated state of
alertness, and uncontrollable thoughts about the trauma. The Department of Veterans Affairs
(VA) and the Department of Defense (DoD) continue to invest heavily in the development
and dissemination of evidence-based psychotherapy treatments for PTSD (e.g., PE, CPT);
primarily targeting younger veterans who served in Irag and Afghanistan. The stigma
attached to mental health services and the perceived unpleasantness of these therapies are
barriers to engagement and adherence among older adults, with 1/3 of patients dropping out
before completing a full course of treatment (Imel, Laska, Jakupcak, & Simpson, 2013;
Najavits, 2015; Pless Kaiser, Seligowski, Spiro, & Chopra, 2016).

Research has also demonstrated a negative association between PTSD symptoms and health
behaviors, including physical activity (van den Berk-Clark et al., 2018; Whitworth &
Ciccolo, 2016). Older veterans engage in less physical activity than younger veterans,
adding to their risk of functional impairment and chronic disease (Bouldin & Reiber, 2012).
In a study of over 500,000 older veterans, rates of physical inactivity were highest among
Veterans with PTSD (compared to Veterans with other psychiatric diagnoses), with 67.5%
reporting no regular activity (Chwastiak, Rosenheck, & Kazis, 2011). Individuals with
PTSD also tend to isolate at home and spend substantial amounts of time in sedentary
activities, which has been shown to be a health risk factor independent of physical activity.
The benefits of exercise on psychological well-being are well-established, making this a
promising intervention for those suffering from PTSD in late life (American College of
Sports Medicine et al., 2009; Hegberg, Hayes, & Hayes, 2019; Wetherell et al., 2013;
Windle, Hughes, Linck, Russell, & Woods, 2010).
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Individuals with PTSD face physical (pain, functional impairment) and psychological
(depressed mood/lack of motivation, social avoidance) barriers known to hinder participation
in exercise (Hall, Hoerster, & Yancy, 2015; Harada et al., 2013; Pratt et al., 2016). Although
exercise among individuals with PTSD is a new area of inquiry, there is growing evidence to
suggest that regular exercise may positively impact PTSD symptoms (Davidson, Babson,
Bonn-Miller, Souter, & Vannoy, 2013; Hegberg et al., 2019; Rosenbaum, Sherrington, &
Tiedemann, 2015; Rosenbaum, Vancampfort, et al., 2015; Whitworth, Craft, Dunsiger, &
Ciccolo, 2017). Only one randomized controlled exercise trial has been reported in the
literature, and showed improvements in PTSD symptoms and quality of life among patients
admitted to an in-patient PTSD treatment unit (Rosenbaum, Sherrington, et al., 2015). No
exercise intervention studies have been conducted in older adults with PTSD, and the impact
of exercise training on late-life PTSD is not known. Warrior Wellness was a pilot
randomized controlled trial of community-based exercise training for older veterans with
PTSD. We examined indicators of feasibility and acceptability of the intervention including
participant attendance and adherence to the program, as well as the effects of exercise
training on PTSD symptoms, depression, quality of life, and sleep quality. It was
hypothesized that participants in the exercise group would report reductions in PTSD and
depressive symptoms, and improvements in quality of life and sleep quality.

This was a 12-week, randomized controlled trial of supervised, community-based exercise
compared to a usual care / wait list (WL) control group in older veterans with PTSD. A
detailed description of study methods is published elsewhere (Hall et al., 2018), and
CONSORT guidelines were used to guide study design and implementation. All study
procedures were approved by the Durham Veterans Affairs Medical Center (VAMC)
Institutional Review Board. Written informed consent was obtained for all procedures. This
exercise trial for older veterans with PTSD was registered in a public registry
(ClinicalTrials.gov identifier NCT02295995).

Setting and Participants

Study participants included veterans age =60 years who met Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) criteria for PTSD. Study eligibility criteria included:
(1) registered for care at the Durham, NC VAMC; (2) live within 50 miles of the Durham
VAMC,; and (3) independently mobile (assistive devices acceptable). Exclusion criteria are
described in detail elsewhere (Hall et al., 2018); in summary, these criteria included lifetime
history of any psychiatric disorder with psychotic features; recent hospitalizations for
cardiovascular events; evidence of lung, kidney, or congestive heart failure; uncontrolled
hypertension or diabetes; significant cognitive or visual impairment; active alcohol or
substance abuse; current participation in trauma-focused psychotherapies (participants were
eligible for re-screening upon completion of these treatments). Participants were also
excluded if they were regularly performing moderate-intensity aerobic exercise more than
150 minutes per week. Participants could be taking psychoactive medication as long as they
had started it and / or had been on a stable dose for =6 weeks.
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Participants were primarily recruited using Durham VAMC electronic health records to
identify patients with PTSD. These patients were mailed introductory letters and then
screened by telephone to further assess eligibility. The Primary Care PTSD Screen for DSM-
V (PC-PTSD-5; Prins et al., 2016) was used to screen for PTSD, and the AUDIT-C (Bush,
Kivlahan, McDonell, Fihn, & Bradley, 1998) and DAST-10 (Skinner, 1982) were used to
screen for substance abuse and dependence. All participants who were eligible based on a
screening telephone call were scheduled to meet a research assistant at the Durham VAMC
to complete the consent process, enrollment, and baseline assessments which included the
Clinician-Administered PTSD Scale for DSM-V (CAPS-5; Weathers et al., 2018) diagnostic
interview and Short Portable Mental Health Status Questionnaire (SPMSQ); Pfeiffer, 1975)
to determine final eligibility.

Randomization and Intervention

Randomization—Individual slips of paper indicating “PA” (physical activity) or “UC”
(usual care) were placed in a sealed box at the beginning of the study. Upon completing
baseline assessments, the the participant blindly selected a piece of paper from the box, and
were allocated to the corresponding group. Participants were randomized to either exercise
or wait list control on a 2:1 basis, respectively. Group allocation was concealed from the
participant and researcher until all baseline assessments were completed. To ensure
acceptance of the protocol, WL participants were told they could enroll in the exercise
program after the 12-week period.

Exercise Intervention—The Warrior Wellness intervention was developed using Social
Cognitive Theory (Bandura, 1986) and designed to enhance self-efficacy for exercise by
integrating cognitive behavioral strategies across the duration of the exercise program. The
intervention targeted the following sources of self-efficacy: 1) self-monitoring and mastery
experience; 2) education of physiologic responses to exercise; 3) outcome expectations; 4)
barriers to participation; and 5) modeling and social support. A full description of the
theoretical constructs targeted in this intervention and the methods we implemented to
address these determinants has been published previously (Hall et al., 2018).

Supervised exercise sessions were held 3 days a week (Monday, Wednesday, Friday) at a
community-based fitness facility conveniently located 1 mile from the Durham VAMC. The
duration of the exercise sessions ranged from 60 to 90 minutes, depending on individual
pace and prescription, but sessions were only offered between 9:00-10:30 a.m. The program
included an individualized exercise prescription based on the participant’s exercise history,
current exercise capacity, personal preferences, and health status. Individual prescriptions
and progressions were consistent with American College of Sports Medicine (ACSM)
guidelines for older adults (Physical Activity Guidelines Committee, 2018). The exercise
leader worked one-on-one with participants during the introduction to the program (~2
weeks), after which participants were expected to exercise independently using the exercise
prescription card, with occasional feedback and guidance from the instructor. The staff-to-
participant ratio for the program ranged from 1:1 up to 1:5, and typically included 2
instructors. A full description of the exercise battery and progression schedule is detailed
elsewhere (Hall et al., 2018). The intervention was multi-component, emphasizing aerobic,
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strength, balance, and flexibility exercises. Modalities included body weight, free weight,
cables, and exercise bands; treadmills and stationary bikes were used for aerobic training.
The program aimed to have participants engaged in moderate to vigorous exercise for at
least 150 min/week, in line with current recommendations (Physical Activity Guidelines
Committee, 2018).

Wait-List Usual Care—~Participants randomized to the WL group continued to receive the
standard of care provided in their usual VA primary, women’s health, mental health, or
geriatrics clinics. The control group did not receive exercise training. To reduce attrition,
control group participants were offered the intervention after the trial; 9 of 17 WL
completers chose to engage in supervised exercise at that time.

Assessments were completed in-person, at baseline and 12-week follow-up. All measures
were administered by a trained research assistant on-site at the Durham VAMC, using
standardized protocols. Study staff who conducted the baseline visit were blinded to
participants’ randomization assignment until the end of the appointment. Due to limited
resources, the same researcher delivered the intervention and administered the research
measures and neither participants nor researchers were blinded to treatment allocation
during intervention delivery or during outcome assessment. To maximize fidelity and reduce
potential bias, both the researcher and the patient were blinded to previous results on testing,
and research checklists and scripts were used to standardize testing procedures.

Screening assessments

Trauma History / PTSD symptom screen.: The PC-PTSD-5 (Prins et al., 2016) was used
during the phone screen as an initial indicator of trauma history and PTSD symptom
prevalence over the past month. The PC-PTSD is a 4-item screener, with one question
reflecting each PTSD symptom cluster. Individuals who answered affirmatively to any of the
questions were deemed eligible for further screening at the in-person baseline appointment.
The PC-PTSD-5 has demonstrated excellent validity in military veterans (Prins et al., 2016).

Alcohol and Substance Abuse.: The AUDIT-C questionnaire (Bush et al., 1998) was used
to assess alcohol consumption. Total scores range from 0-12. Positive results for alcohol
dependence included scores =3 for men, and =2 for women (unless all points were from
question 1: “how often do you have a drink containing alcohol?”). The DAST-10 (Skinner,
1982) questionnaire was used to assess recreational drug use (excluding alcohol and
tobacco). Total scores range from 0-10, and positive results for substance abuse included
scores =23. The AUDIT-C and DAST-10 have demonstrated satisfactory reliability and
validity (Bush et al., 1998; Yudko, Lozhkina, & Fouts, 2007)

PTSD Diagnosis.: The Clinician-Administered PTSD Scale (CAPS; Weathers et al., 2018)
is the gold-standard diagnostic measure for PTSD. The CAPS was only administered at
baseline, as a diagnostic screening tool (yes/no PTSD). The CAPS-5 is a structured
interview and was used to determine current (past month) diagnosis of PTSD. CAPS-5
contains 20 items, corresponding to the DSM-V diagnosis for PTSD, and assesses symptom
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severity based on the frequency and intensity of the symptoms. Severity ratings range from 0
(absent) to 4 (extreme/incapacitating), with a score of 2 (moderate/threshold) indicating a
clinically significant problem. PTSD symptom clusters include: Re-experiencing (Criterion
B), Avoidance (Criterion C), Negative alterations in cognitions or mood (Criterion D), and
Hyperarousal (Criterion E). The DSM-V PTSD diagnostic rule requires: a) at least one
Criterion B symptom; 2) at least one Criterion C symptom; c) at least two Criterion D
symptoms; d) at least two Criterion E symptoms; d) Criterion F is met (disturbance has
lasted = 1 month); and Criterion G is met (disturbance causes either clinically significant
distress or functional impairment). Once a patient met criteria (severity rating >2) for a
particular symptom cluster, the interviewer skipped to the next section/cluster of the
CAPS-5. This means that a total score for the CAPS-5 was not calculated. The CAPS-5 has
high internal consistency and interrater reliability (Weathers et al., 2018).

Cognitive Status.: The Short Portable Mental Health Status Questionnaire (SPMSQ;
Pfeiffer, 1975) is a brief, 10-item screener that is widely used to detect cognitive impairment.
A positive screen for mild cognitive impairment included =3 errors.

Participant Characteristics—We collected patient-reported demographic and clinical
characteristics including age, sex, race/ethnicity, income, education level, and comorbid
health conditions.

Primary Outcomes

Program Adherence and Satisfaction.: Adherence to the prescribed protocol was
calculated using program attendance logs. Acceptability of the intervention was assessed at
the end of the 12-week program using a participant evaluation form.

Secondary Outcomes

PTSD Symptoms.: The PTSD checklist (PCL-5; Wortmann et al., 2016) is a 20-item self-
report measure that assesses the 20 DSM-V symptoms of PTSD. All items are rated on a 5-
point Likert scale ranging from 0 (not at all) to 4 (extremely), and summed to create a total
score. Total scores range from 0-80, with higher scores indicating more severe PTSD
symptoms. DSM-V symptom cluster severity scores were evaluated separately, and
calculated by summing the scores for the items within a given category. PTSD symptom
clusters include: Re-experiencing (5 items), Avoidance (2 items), Negative cognitions or
mood (7 items), and Hyperarousal (6 items). The PCL-5 has excellent reliability and validity
(Bovin et al., 2016).

Depressive Symptoms.: The PHQ-9 (Kroenke, Spitzer, & Williams, 2001) is a 9-item self-
report questionnaire consisting of symptoms and attitudes relating to depression. The PHQ-9
includes items such as self-dislike, suicidal ideation, sadness, and sleep disturbance. The
items are summed with a range of 0 to 27; higher scores indicate greater depression. The
PHQO9 has been shown to be a valid and reliable measure of depression severity (Phelan et
al., 2010).
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Health-Related Quality of Life.: The Medical Outcomes Study 36-item Short-Form Survey
(SF-36; Ware, 2000) comprises 36 items to assess health-related quality of life. The SF-36 is
a widely used measure of general health that has been validated in diverse populations, is
considered to be a reliable indicator of health status, and is sensitive to change (Ware Jr. &
Kosinski, 2001). The SF-36 includes a Mental Health Component Score (MCS), which is the
weighted sum of 4 subscales including: vitality, mental health, role-emotional, and social
functioning. Higher scores indicate higher quality of life in the psychological domains.

Sleep.: The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, &
Kupfer, 1989) is a 19-item self-report questionnaire that assesses sleep quality over the past
month (e.g., “During the past month, how often have you had trouble sleeping because you
wake up in the middle of the night or early morning?”). In scoring the PSQI, seven
component scores were derived, each scored on a 4-point scale (0=no difficulty, 3=severe
difficulty). The component scores were summed such that higher numbers indicate worse
sleep quality (score range 0 to 21). The PSQI has demonstrated reliability and validity (Spira
etal., 2012).

Statistical Analysis

Results

We compared baseline characteristics of the two groups using independent-samples #tests
for continuous data and Pearson’s x tests for categorical data. Baseline characteristics of
non-completers (i.e., individuals randomized who did not complete 12-week assessments)
were compared with participants who completed all follow-up assessments. Statistical
analysis was conducted on a sample size of 48. Our prespecified intention-to-treat analysis
was defined as participants who were randomly assigned to treatment and for whom follow-
up data were available. Data analysis was performed using PASW Statistics 18.0 (Chicago,
IL) and SAS (9.3). The between-group difference at follow-up [mean difference (MD) and
95% Confidence Interval] was calculated for all outcome measures.

The primary aim of this pilot study was to determine the feasibility and acceptability of
structured exercise in older adults with late-life PTSD, and was not powered to detect
significant differences between the groups. As such, we estimate possible effects rather than
formal hypothesis testing to infer the size and direction of treatment effect. Cohen’s d'effect
sizes were calculated as the difference in means between the two groups divided by the SD
and is interpreted as ¢=0.20 (small), ¢=0.50 (medium), and ¢=0.80 (large).

Recruitment and Participant Characteristics

The recruitment period started November 2015 and was originally planned to last 18
months. However, this was extended to 2 years because of slow recruitment. This was not
helped by recurrent personnel changes among the study team which led to disruptions in
screening and recruitment activities. As shown in Figure 1, 701 patients were screened for
eligibility, of which 380 did not meet inclusion criteria. The most common reasons for
ineligibility were psychotic illness and active alcohol or substance abuse. Among potentially
eligible participants, 166 individuals declined to participate, and 99 were unable to be
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contacted by our research team. The remaining 54 participants were eligible and randomized
(36 to exercise, 18 to WL); 89% completed 12-week measures. Among the 6 ‘non-
completers’, one (17%) had to withdraw due to a surgery, one (17%) reported family issues
that prevented continued participation, and four (66%) were un-contactable after baseline
measures. Overall, the dropout rate did not differ between groups. Sensitivity analyses
between dropouts and those who completed the 12-week assessments revealed no significant
baseline differences between groups in age, race, number of chronic conditions, or PTSD
symptoms, although BMI was higher among dropouts (35.2 vs. 29.9 kg/m?, p<.05).
Participant characteristics at baseline are shown in Table 1. The average age of participants
was 67.4 years (range 60-78 years). The sample was mostly male (90.7%) and African
American (85.2%), with significant health burden (average 3.6 comorbid health conditions).
The mean baseline BMI was 30.5 kg/m?, and 83.3% of the sample were overweight or
obese. Over half of the participants had served in the Army (59.3%), and reported an annual
household income >$40,000 (51.9%). The severity of PTSD reported by the sample was
high (mean PCL-5 = 40.9), and average duration of symptoms was 45 years. There were no
significant differences between groups on any observed baseline variables at baseline.

Adherence and Satisfaction

Six participants (11%) dropped out before completing the entire 12-week protocol. Dropout
rates did not vary significantly across treatment arms ( ;(2(1) = .84, p= 36); 5 participants
(14%) in the exercise condition and 1 (6%) in the WL condition. Three participants dropped
out of the study after randomization but before exercise training was initiated, and were
unable to be re-contacted by study staff. Thirty-six veterans were randomized to the exercise
intervention, and 86% completed the exercise program. Individuals who completed the
Warrior Wellness exercise program (n=31) reported high levels of satisfaction with the
intervention (100% endorsed “Good” or “Excellent” ratings). Adherence to the intervention
was evaluated by attendance logs. Among those who attended at least one session, the
average attendance was 82% of all sessions (range 23% - 100%). No serious study-related
adverse events were recorded, which indicates that exercise training is safe and well-
tolerated in older veterans with chronic PTSD.

Changes in PTSD Symptoms

There was a small effect of differential improvement in PTSD symptoms (MD = —4.23,
a=.38 [95% CI -11.7, 3.3]). Participants in the exercise group demonstrated a 7.1 point
improvement (16%) in PTSD symptoms from baseline to postintervention, and patients in
the WL condition showed small (<7%; 2.9 points) improvements.

When evaluating PTSD symptom clusters, small to moderate effects favoring the exercise
group were observed for Negative Cognitions and Mood (MD=-2.92, a¢=.61 [95% CI -1.1,
1.2]), and Re-Experiencing (MD = -1.28, 0=.40 [95% CI -3.4, .9]) subscales. Participants in
the exercise condition achieved a 19% improvement in Negative Cognitions and Mood, and
21% improvement in Re-experiencing, whereas those in the WL group showed a 4%
worsening and 11% improvement of symptoms, respectively. No between-group differences
were observed in changes on Avoidance (MD=.41, ¢=.18 [95% CI -1.1, 1.9]) or
Hyperarousal (MD=-.28, a=.07 [95% CI -2.9, 2.4]) symptom clusters between groups.
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Changes in Depressive Symptoms

There was a moderate effect of differential improvement in depressive symptoms (MD=
-3.28, a=.57 [95% CI 6.8, 0.3]). Exercise participants demonstrated a 17% improvement in
depressive symptoms from baseline to 12 weeks, whereas the WL group demonstrated a
16% increase (worsening) of depressive symptoms. A 5-point change on the PHQ9 is
clinically significant, and 8(26%) met this criteria.

Changes in Sleep and Health-Related Quality of Life

There was a small effect of differential improvement in SF-36 MCS (MD=3.19, a=.36 [95%
Cl -2.7, 9.1]) scores were observed for the exercise group, in comparison with the WL
group. Between-group differences across the four MCS subscales ranged from small to
moderate (a5=0.34 — 0.55), favoring the exercise arm. A moderate effect of differential
improvements in sleep quality, favoring the exercise group, were also observed (MD=-1.47,
a=.61 [95% CI -3.0, 0.5]).

Missing Data

Although the amount of missing data at 12 weeks was small (only 6 participants withdrew
from the study), we conducted a post-hoc sensitivity analysis using last observation carried
forward (LOCF) for these 6 cases across all outcome measures. These cases were included
in analyses as “no change.” We then re-ran the analyses on this complete data set and very
similar results were reported.

Discussion

The results of this pilot study provide empirical support that a multi-component,
community-based exercise program is feasible in medically complex older adults with
PTSD. Most participants were able to complete the exercise training protocol successfully,
and retention rates (86%) and intervention adherence (82%) were high. These findings are
notable given the significant psychological and emotional (i.e., lack of motivation) barriers
to exercise that individuals with mental health conditions report (Crone & Guy, 2008;
Soundy, Faulkner, & Taylor, 2007). Participants reported high satisfaction with the exercise
program and 100% reported that they would recommend it to other veterans with PTSD. Our
results also suggest that the presence of PTSD symptoms does not preclude participation in a
community-based exercise program, and that exercise is both a familiar and less stigmatizing
treatment option for military veterans that warrants further exploration as a health promotion
tool and adjunctive therapy (Abrantes et al., 2017; Hegberg et al., 2019).

To our knowledge, this is the first published trial studying the impact of exercise training on
late-life PTSD symptoms. Our results suggest that exercise training may benefit PTSD
symptoms and PTSD-related conditions in older adults with PTSD. Participants in the
exercise condition demonstrated greater improvement in PTSD and related symptoms than
participants in the usual care wait-list condition. The sizes of these effects (Cohen’s d)
ranged from small for PTSD symptoms and self-rated mental health-related quality of life,
to medium for the effect of exercise on depressive symptoms and sleep. We observed an
average 7-point reduction (16%) in PTSD symptoms in the exercise group. Although
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clinically important difference guidelines have not yet been identified for the PCL-5,
evidence from the DSM-IV PCL suggests that a 5-10 point change represents reliable
change, and a 10-20 point change represents clinically important difference (Monson et al.,
2008; National Center for PTSD). Among those who completed exercise training, over 55%
reported a =5 point improvement, and 42% reported a =10 point improvement on the PCL-5.
The improvements in depressive symptoms, sleep, and mental health-related quality of life
observed in the intervention group were also clinically significant.

We observed improvement across individual PTSD symptom clusters and found small to
medium effects sizes, which is notable and provides some insight into possible mechanisms/
pathways by which exercise impacts PTSD. The strongest effect of the intervention was seen
in the Negative Cognitions and Mood symptom cluster, with veterans reporting the return of
positive emotions and reductions in negative affect. The beneficial effects of exercise and
enhanced physical fitness on mental health and mood states (e.g., depression, affective
responses) is well-established in other populations (Penedo & Dahn, 2005; Schuch et al.,
2016; Windle et al., 2010), and one study has examined these effects following a single bout
of exercise in PTSD (Crombie, Brellenthin, Hillard, & Koltyn, 2018), but this is the first
study to report exercise training-related changes in a population with chronic PTSD.

This is also the first trial to explore the effects of exercise in the context of long-term,
chronic PTSD. Study participants reported suffering from PTSD symptoms for nearly three-
quarters of their lifetime, and reported high PTSD symptom severity at the start of the study.
The improvement in PTSD symptoms following exercise training reported in this trial is
consistent with pilot studies in younger populations (Rosenbaum, Sherrington, et al., 2015;
Rosenbaum, Vancampfort, et al., 2015). PTSD continues to have limited treatment options;
exercise may be a less stigmatizing and more approachable adjunctive treatment for PTSD
and related symptoms (Hegberg et al., 2019). Several study participants explicitly stated that
they would not participate in the trial if they had to discuss their trauma, which points to the
potential for a stepped care approach to PTSD treatment. For example, starting patients with
exercise and gradually moving patients to a more health/wellness orientation may make
patients more open to seeking PTSD treatment (i.e., the sugar that helps the medicine go
down) (Cook, Simiola, Hamblen, Bernardy, & Schnurr, 2017). Clinical practice guidelines
make no specific recommendations for the treatment of late-life PTSD, though physical
activity is recommended as part of a comprehensive care plan (The Management of
Posttraumatic Stress Disorder Workgroup, 2017). To our knowledge, only two trials of
exercise in combination with cognitive-behavioral therapy have been published, and report
beneficial effects on PTSD symptoms (Goldstein et al., 2018; Powers et al., 2015).

We also observed meaningful impact of exercise training on important clinical health
indicators and patient-reported outcomes in older veterans with PTSD. Sleep problems are
one of the most commonly reported symptoms by people with PTSD (Koffel, Khawaja, &
Germain, 2016), and difficulty falling and/or staying asleep is considered one of the
hyperarousal symptoms of PTSD. Comorbid depression is also highly prevalent in
individuals with PTSD (Campbell et al., 2007). At the start of the study, 90% of participants
had scores on the PSQI indicative of poor sleep quality, and 43% met criteria for moderate-
to-severe depression. Mental health-related quality of life was also poor, with scores on the
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SF-36 falling below the 20t percentile of population norms. Following 12 weeks of exercise
training, veterans reported improvements in sleep, depressive symptoms, and mental health-
related quality of life compared to WL. These figures complement patient reports, where
93% of individuals reported “mental health improvements” after completing the exercise
program. That exercise training alone can broadly impact PTSD and related symptoms is
notable and an advantage over other traditional PTSD treatments (e.g., medications,
psychotherapies), which have not demonstrated broad impact and report a less robust
response in older adults compared to younger adults. Adequately powered, definitive trials to
test the impact of structured exercise on PTSD symptoms and PTSD-related conditions, and
that explore potential mechanisms through which these changes occur, are needed.

Strengths and Limitations

Strengths of this study include a minority sample (85% African American), an intervention
targeting exercise in a vulnerable and understudied population, the randomized controlled
trial design, and using validated measures of PTSD. We also observed minimal loss to
follow-up in both groups, which suggests that a tailored intervention that targets key
elements of behavior change is acceptable and engaging to older veterans with multiple
comorbidities. Limitations include a 54% exclusion rate (due largely to comorbid psychiatric
conditions and active substance abuse) reflecting limited reach of the program and
generalizability of our findings, and a short exercise intervention with no long-term follow-
up to assess maintenance effects. The lack of blinding of the testers to group allocation for
12-week assessments was a potential source of bias. This was countered by assessors
following standardized protocols for all assessments, including giving exactly the same
instructions to all participants on all occasions, and being blinded to baseline results at re-
test. Challenging recruitment and a small sample size limit the generalizability of study
findings and our ability to do perform formal hypothesis-testing analyses. The
underrepresentation of women is this study, though expected given the demographics of the
military veteran population, is another limitation. We did not have sufficient numbers to test
for gender effects, but there were some indications of a gender difference in exercise
adherence. We cannot draw strong conclusions from such small numbers, however, it is
worth considering that women with PTSD may have unique barriers to group- and
community-based exercise compared to men (Pebole & Hall, 2019; Shivakumar, Anderson,
Suris, & North, 2017). It is also worth noting that while the majority of participants
experienced a lessening of PTSD symptoms with exercise training, a significant minority
reported a =5 point worsening of PTSD symptoms across both groups (16% Exercise vs.
13% WL). These results suggest there is individual variability in the responses to exercise
and / or the community-based environment that warrants further exploration in future work.

Conclusions

The results of this pilot study contribute to a small, but growing, literature which suggests
that exercise training is an acceptable intervention among individuals with PTSD, and
improves PTSD symptoms and PTSD-related health outcomes, which is exciting. These
findings are important for they show impact of exercise training on important clinical and
patient-reported outcomes. As with traditional PTSD treatments, clinical symptoms of PTSD
were still evident at the end of the intervention period. However, exercise training represents
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an empowering therapy that allows an individual to better their health and functioning in the
context of a chronic mental health condition. An emphasis on physical activity is consistent
with both the values cultivated during military service and geriatric and recovery models of
care that prioritize quality of life in the context of chronic disease. That this exercise
program was so highly rated by participants is important, for it shows that exercise is an
“approachable” behavioral intervention, and it is worth considering that exercise training
could be a potential bridge to initiating conversations with patients about engaging (or re-
engaging) in PTSD treatment. Exercise in, and for, PTSD is a relatively new area of study.
Many questions remain to be explored in future work including efficacy trials, studies that
evaluate mechanistic factors (e.g., exercise capacity, sleep) as mediators of the improvement
in PTSD symptoms, sub-group analyses, and implementation approaches to improve the
health and well-being of individuals living with PTSD.
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Table 1.
Baseline demographic characteristics
Variable Exercise (n=36) WL (n=18) Test statistic p
M(SD) M(SD) value
t=0.77
Age (y) 67.7(3.2) 66.9(4.3) p=0.44
2 —
9 ) 0 x°=18
Male gender, n(%) 34(94%) 15(83%) =018
2 —
African-American race, n(%) 33(92%) 13(72%) %:Blog
Hispanic ethnicity, n(%) 0 0 N/A
. . 2=0.29
< High school education, n(%) 6(17%) 2(11%) 72)= 059
Number of comorbidities 3.7(1.6) 3.9(1.8) {;:_'723
. 2 t=.12
Body mass index (kg/m?) 30.6(5.9) 30.4(4.4) p=91
t=.43
PTSD symptoms (0-80) 42.9(14.9) 41.1(14.0) p= 67
. =14
Depressive symptoms 10.7(5.5) 8.5(4.7) p=.16

Note. Chi-squared or ttest statistic reported depending on the data.

J Behav Med. Author manuscript; available in PMC 2021 August 01.

Page 18



Page 19

Hall et al.

"(abJey) 08'0p pue ‘(Winipaw) 05 0P ‘(jjews) 0z 050 Se pajaidialul Sazis 19919 0 S,UayoD "9e-4S pue AlIANDe [ealsAyd Jo uondaoxe ayl Yum yijeay Janag/swoldwAs Jamay 109]al Sa109S JaMo 810N

Author Manuscript

T9°0 §0010¢- LrT1- G0 780+ CTE& 686 dnoub jonuod
S0 S90- 2% L1907 dnoub ss1a18x3
(T2-0 '1eqoI9 10Sd) des|s
9g°0 T601L¢C- 6T'E 9T 9€0+ GZ 008 dnoub jonuod
6T 99¢+ 0¢ ccor dnoJf ss1olex3
91098 JusuodwoD YljeaH [elsN 98-4S
150 €00189- 8ce- ¥T T¥T+ TT 098 dnoub jonuod
TT /18T- 60 /90T dnoJf ss1olex3
(6-OHd) swoidwAs anissaidaq
00 ¥'Z¢016'¢- 8¢°0- 60 LT1- <¢T vvel dnoJb jonuo)
80 v.T- 80 ¢67¢T dnoJf ssiolex3
(2-0) resnosesadAH
T9°0 2001 T'9- 6'C- TT Ly0o+ 2T 99¢T dnoub jonuod
60 Gvc- 0T ¢cLet dnoJf ss1oiex3
(82-0) poow pue suoniubod annehsN
810 6T0ITT- o 90 ¢€60- 90 109 dnoJb jonuo)
0 ¢50- L0 GZ'S dnoub as1olex3
(8-0) 9oueploAy
0v'0 6001 '€~ 8¢'T- 90 LZT- 60 SCTT dnoJb jonuo)
L0 G99¢- L0 ccat dnoJf ss1olex3
(0z-0) Burousiadxe-ay
(5-12d) s4a1snjo woydwAs asLd
8€0 €€0 LTI~ eCy- €¢ [8¢- G€ 90Ty dnolb jonu0d
v'e 0TL- GCT 16Ty dnoub as1oiex3
(§-10d) swoydwAs as.Ld
p s.Uayod 1D %56 abueyp uesiN IS  ueslN IS UeBBN a|qelden
sdnoao usamiag adualaliq abueyd auljeseg

SaW02INQ ||V JoJ suespy dnols) usamiag seoualapllq pue sueajy dnoio

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Behav Med. Author manuscript; available in PMC 2021 August 01.



	Abstract
	Introduction
	Methods
	Design
	Setting and Participants
	Randomization and Intervention
	Randomization
	Exercise Intervention
	Wait-List Usual Care

	Measures
	Screening assessments
	Trauma History / PTSD symptom screen.
	Alcohol and Substance Abuse.
	PTSD Diagnosis.
	Cognitive Status.

	Participant Characteristics
	Primary Outcomes
	Program Adherence and Satisfaction.

	Secondary Outcomes
	PTSD Symptoms.
	Depressive Symptoms.
	Health-Related Quality of Life.
	Sleep.


	Statistical Analysis

	Results
	Recruitment and Participant Characteristics
	Adherence and Satisfaction
	Changes in PTSD Symptoms
	Changes in Depressive Symptoms
	Changes in Sleep and Health-Related Quality of Life
	Missing Data

	Discussion
	Strengths and Limitations
	Conclusions

	References
	Figure 1.
	Table 1.
	Table 2.

