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Abstract

Background: Military veterans living with post-traumatic stress disorder (PTSD) face significant physical and functional health disparities,
which are often aggravated over time and in the context aging. Evidence has shown that physical activity can positively impact age-related
health conditions, yet exercise trials in older adults with mental disorders are rare. Our study was a tailored and targeted pilot exercise
intervention for older veterans with PTSD.

Methods: Fifty-four older veterans with PTSD (mean age = 67.4 years, 90.7% male, 85.2% non-white) were randomized to supervised
exercise (7 = 38) or wait-list usual care (z = 18) for 12 weeks. Physical activity (MET-min/wk) and aerobic endurance (assessed with the
6-minute walk test) were primary outcomes. Secondary outcomes were physical performance (strength, mobility, balance), cardiometabolic
risk factors (eg, waist circumference), and health-related quality of life.

Results: At 12 weeks, a large effect of the intervention on physical activity levels (Cohen’s d = 1.37) was observed compared to wait-list usual
care. Aerobic endurance improved by 69 m in the exercise group compared to 10 m in wait-list group, reflecting a moderate between-group
effect (Cohen’s d = 0.50). Between-group differences on 12-week changes in physical performance, cardiometabolic risk factors, and health-
related quality of life ranged from small to large effects (Cohen’s d = 0.28-1.48), favoring the exercise arm.

Conclusion: Participation in supervised exercise improved aerobic endurance, physical performance, and health-related clinical factors in
older veterans with PTSD; a medically complex population with multiple morbidity. Group exercise is a low-cost, low-stigma intervention,
and implementation efforts among older veterans with PTSD warrants further consideration.

Keywords: Metabolic syndrome, Health disparities, Mental health, Post-traumatic stress, Aerobic endurance

Post-traumatic stress disorder (PTSD) affects more than one-third cardiovascular disease stemming from PTSD-related symptoms and
of Vietnam-era veterans (1). These service members have endured unhealthy lifestyle factors (4-7). The idea that traumatic events can
35-50 years with this chronic condition and experience an excess have a physical effect on people is not new. There is ample literature
mortality rate three times higher than the general population (2,3). suggesting that traumatic stress starts a cascade of physiological and
Veterans with PTSD also face decreased quality of life, obesity, and biological consequences (8-11), and diagnostic criteria for PTSD re-
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quire that symptoms must also cause impairment (physical, social,
emotional). Our group has previously shown that PTSD also accel-
erates functional decline, evidenced by impaired mobility, severe car-
diovascular deconditioning, and muscle weakness in late life (6). To
date, there has been little appreciation for the need to address these
somatic comorbidities among older adults with chronic PTSD.

Exercise is a highly effective, pluripotent, and scientifically proven
strategy for the prevention, treatment, and management of chronic
physical and psychological health conditions (12-15). To date, only a
few pilot studies of exercise and PTSD have been published (16-21),
and nearly all had a major limitation: a singular focus on psycho-
logical outcomes. These studies do not measure the impact of exercise
on physical health- and mobility-related outcomes that contribute to
long-term impairment and disability in veterans with PTSD.

We are also unaware of any studies of exercise and PTSD con-
ducted in older adults, representing a significant research gap. Exercise
intervention is particularly relevant for older veterans, as they tend to
be in poorer health with more comorbidities than their non-veteran
counterparts (22). An emphasis on physical activity is consistent with
both the values cultivated during military service as well as geriatric
and recovery models of care that prioritize quality of life in the context
of chronic disease. However, adherence to behavioral interventions in
both the general population and patients with mental health disorders
is a major issue. Veterans with PTSD engage in low levels of physical
activity and spend much of their time in sedentary activities, adding to
their risk of functional impairment (18,23,24).

Few studies of exercise and PTSD have been conducted, and among
those studies, a majority focus on younger adults (17,19,20,25,26).
These studies range in duration from 3 to 12 weeks and report moderate-
to-large beneficial effects of exercise training on quality of life, PTSD
and depression symptoms, sleep, and waist circumference. This litera-
ture also lacks reporting on functional and mobility outcomes, which is
particularly important in the aged PTSD population who has demon-
strated significant deconditioning and functional impairments reflective
of accelerated aging (6,27). Only one of the aforementioned studies
examined changes in physical function or clinical health indicators (eg,
blood pressure) and reported small beneficial effects (20).

Studies of exercise for depression in older adults report that exer-
cise sessions conducted in a group setting, and training programs
that include both aerobic exercise and strength training, are the most
effective treatments (vs home-based only, or resistance or aerobic
training only) (13). Progressive, multicomponent exercise programs
are also recommended for older adults and populations at risk for
cardiometabolic disease (28). Given the high rate of comorbid de-
pression, significant functional deficits, and clinical risk factors
prevalent in this population, we adopted this program design to
maximize impact among older adults with PTSD.

There is no reason to believe that the physiological benefit of
exercise should be different in persons with PTSD compared to
healthy individuals or those with other mental health conditions.
However, psychological symptoms (eg, anxiety, depression), somatic
symptoms (eg, pain, fatigue), side effects of psychotropic medica-
tions (eg, weight gain, sleep disturbance), and factors such as so-
cial avoidance and hyperarousal are challenges for many patients
with PTSD. Owing to these comorbid challenges, results from life-
style interventions in mentally healthy populations cannot be ex-
trapolated to older populations with PTSD (29). This constellation
of psychological and somatic symptoms in PTSD is also barrier to
seeking mental health treatment (30). Exercise may have promise for
attracting more veterans into care and improving overall health as a
stand-alone or adjunctive behavioral treatment.

The objective of this study is to evaluate the effects of a
tailored 12-week exercise intervention on physical function and
cardiometabolic risk factors in older adults with PTSD. It was hy-
pothesized that increased physical activity as well as improved phys-
ical performance and clinical health profiles would be observed
among participants in the exercise group.

Methods
Study Design

The study used a randomized, two-group design comparing
multicomponent exercise to usual care. A detailed description of
study methods is published elsewhere (31), and CONSORT guide-
lines were used to guide study design and implementation. The
institutional review board of the VA Medical Center in Durham,
North Carolina, reviewed and approved this study. This exercise
trial for older veterans with PTSD was registered in a public registry
(ClinicalTrials.gov identifier NCT02295995).

Setting and Participants

Study eligibility criteria were (a) veteran status, (b) current diagnosis
of PTSD, (c) 60 years or older, and (d) live within 50 miles of the VA
medical center. All participants were screened for PTSD using the
Clinician-Administered PTSD Scale for Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-V; CAPS-5) (32)),
and only those who met diagnostic criteria were eligible to partici-
pate. Exclusions are described in detail elsewhere (31); in summary,
these included hospitalizations for cardiovascular events in the
past 3 months, current participation in PTSD-oriented therapy (ie,
Prolonged Exposure or Cognitive Processing Therapy), significant
cognitive impairment or dementia, and active substance abuse or
dependence.

Participants were primarily recruited using Durham VA elec-
tronic health records to identify patients with PTSD. These patients
were mailed an introductory letter describing the study and then
screened by telephone to further assess eligibility. All participants
who were eligible based on the screening call were scheduled for an
in-person appointment with a study team member at the Durham
VA to complete the consent process, additional screening assess-
ments, and baseline testing.

Randomization

Group allocation was concealed from the participant and researcher
until all baseline assessment were completed. Participants were ran-
domized to supervised exercise or wait-list usual care (WL), using a
2:1 randomization scheme, respectively. The different sample ratios
between the exercise arm and the usual care arm do minimally im-
pact the power to detect between-group differences. However, we
decided at the outset of this pilot study that this small loss in power
(~5%) was balanced against the increased ability to (a) under-
stand more deeply study issues, which may arise in a pilot of a new
protocol, and (b) gather additional information on exercise partici-
pants. We used a simple randomization scheme, whereby individuals
selected a slip of paper indicating “PA” (physical activity) or “UC”
(usual care) from a sealed box.

Exercise Intervention

A detailed description of the exercise battery and programming elem-
ents is described elsewhere (31). Briefly, supervised exercise sessions
were offered three times weekly (M,W,F) at a community-based
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fitness facility located in close proximity to the Durham VA Medical
Center. The exercise program was multicomponent and included
aerobic, muscle strengthening, flexibility, and balance training ex-
ercises. Modalities included body weight, free weight, cables, and
exercise bands; treadmills and stationary bikes were used for aer-
obic training. The program aimed to have participants engaged in
moderate-intensity exercise for at least 150 min/wk, in line with cur-
rent recommendations (28).

Exercise sessions lasted 60-90 minutes depending on individual
pace and prescription, but sessions were only offered between 9:00
and 10:30 am. Patients were provided an exercise card/log detailing
their individualized exercise prescription, which was developed by
the exercise physiologist following evaluations of functional status
and patient-reported impairments. Individual prescription and pro-
gression were developed using American College of Sports Medicine
guidelines and evaluated weekly by the exercise physiologist. 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 pre-
scription card, with occasional feedback and guidance from the in-
structor. The staff-to-participant ratio for the program ranged from
1:1 up to 1:§ and typically included two instructors. Although parti-
cipants exercised in a common space, at a common time, each com-
pleted their own individual routine and did not participate in any
formal, instructor-led group classes. Patients rated and recorded the
intensity of effort on their exercise card, using the Borg CR10 Rating
of Perceived Exertion Scale (33), a visual analog scale ranging from 0
(“rest”) to 10 (“maximal”). On this scale, the selected training inten-
sity corresponded to a value of 3-5 (“moderate to hard”).

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.

Measures

Assessments were completed in person at baseline and 12 weeks. All
measures were administered by a trained research assistant at the
Durham VA Medical Center, using standardized testing protocols. Study
staff who conducted the baseline visit were blinded to participants’ ran-
domization assignment until the end of the appointment. Owing to the
nature of the study, neither participants nor researchers were blinded
to treatment allocation during intervention delivery or outcome assess-
ment. 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 Primary Care PTSD Screen for DSM-5 (PC-PTSD-5) (34) was
used during the phone screen as an initial indicator of trauma his-
tory and PTSD symptom prevalence over the past month. The
PC-PTSD is a four-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 (34).

Alcohol and substance abuse

The Alcohol Use Disorders Identification Test-Concise (AUDIT-C)
questionnaire (35) was used to assess alcohol consumption. Total
scores range from 0 to 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 al-
cohol?”). The Drug Abuse Screening Test (DAST-10) (36) question-
naire was used to assess recreational drug use (excluding alcohol
and tobacco). Total scores range from 0 to 10, and positive results
for substance abuse included scores >3. Both AUDIT-C and DAST-10
have demonstrated satisfactory reliability and validity (35,37).

PTSD diagnosis

The Clinician-Administered PTSD Scale for DSM-V (CAPS-5; 32) is
the gold-standard diagnostic measure for PTSD. The CAPS-5 was
only administered at baseline, as a diagnostic screening tool (yes/no
PTSD). The CAPS-S is a structured interview and was administered
by trained research personnel to determine current (past month) diag-
nosis of PTSD. The CAPS-5 contains 20 items, corresponding to the
DSM-V diagnosis for PTSD, and assesses symptom 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; (b) 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 clinic-
ally significant distress or functional impairment). Once a patient met
criteria (severity rating >2) for a particular symptom cluster, the inter-
viewer 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 inter-rater reliability (32).

Cognitive status

The Short Portable Mental Health Status Questionnaire (38) is a
brief, 10-item screener that is widely used to detect cognitive im-
pairment. A positive screen for mild cognitive impairment included
>3 errors.

Participant characteristics

We collected patient-reported demographic and clinical characteris-
tics, including age, sex, race/ethnicity, income, education level, and
comorbid health conditions.

Primary outcomes
Physical activity levels were measured with the Aerobics Center
Longitudinal Study Physical Activity Survey (39), a self-report
measure of physical activity (eg, stair climbing, household activ-
ities, walking) and exercise habits (eg, weight training, swimming,
treadmill) performed regularly (at least once a week) during the
past 2 months. Participants were instructed to record the number of
sessions per week, the average duration per session, and the average
distance per session (as appropriate) for each activity. These data
were then used to calculate metabolic equivalents of energy expend-
iture in reported activities (MET-min/wk).

Aerobic endurance, an indicator of cardiorespiratory fitness,
was assessed with the 6-minute walk test (6MWT; 40), according to
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standard procedures. This is a self-paced assessment, and participants
were instructed to walk as far and as fast as possible in 6 minutes,
taking rests as necessary. The number of meters walked was recorded
at baseline and 12 weeks. Greater distances walked reflect better aer-
obic endurance. This test has demonstrated excellent reliability and
validity in older adults with chronic health conditions (41).

Secondary outcomes

We objectively assessed physical function using a battery of per-
formance tests. Both rapid- and usual-pace gait speed (m/sec)
were assessed using a 4-m walk, adapted from the Short Physical
Performance Battery (42). Two timed trials of each condition were
completed, with the best (fastest) time for each condition retained
for analyses. Lower body strength was measured as the number of
completed stands in 30 seconds, as described by Rikli and Jones (43).
The 8-foot up-and-go test was used to measure balance and mobility,
with the best time of two trials recorded for analyses. Balance was
assessed using the time single leg stand test, which measures the time
participants are able to stand unassisted on one leg up to 30 seconds
with eyes open, as described by Yoshimura and coworkers (44). The
performance tests were administered in a standardized sequence to
minimize fatigue effects and maximize recovery between tests; tests
were administered in the same order for all patients (balance, gait
speed, chair stand, 8-foot up-and-go, and 6MWT).

Health-related quality of life was measured using the Medical
Outcomes Study 36-item Short-Form Survey (SF-36; 45). 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. The SF-36 includes a Physical
Health Component Score (PCS), which is the weighted sum of four
subscales, including pain, physical function, general health, and
role-physical. Total scores range from 0 to 100, with higher scores
indicating higher quality of life in the physical domains.

A series of clinical health indicators were measured at baseline and
12 weeks. Waist circumference (cm), an indicator of cardiometabolic
disease risk, was measured using a cloth measuring tape positioned
at the top of the hip bone and wrapped fully around the waist.
Participants were instructed not to hold their breath, and meas-
ures of the waist were recorded to the nearest 0.5 cm. Participants’
height was measured using a wall-mounted Seca stadiometer, and
body weight (kg) was measured using a calibrated digital scale; these
measurements were then used to calculate body mass index (BMI,
kg/m?). A pulse oximeter was used to measure resting heart rate
(beats per minute or bpm), and resting blood pressure (mm Hg) was
taken manually following standard clinical procedures.

Participant characteristics

We collected patient-reported demographic and clinical character-
istics, including age, sex, race/ethnicity, income, education level,
depressive symptoms, and comorbid health conditions. PTSD
symptom severity and depression were assessed using the PTSD
Checklist for DSM-V (46) and the Patient Health Questionnaire-9
(47), respectively.

Statistical Analyses

Statistical analysis was conducted on a sample size of 46 (out of
54). Our prespecified intention-to-treat analysis was defined as
participants who were randomly assigned to treatment and for
whom 12-week data were available. No attempt was made to im-
pute missing variables for participants who only completed baseline

assessments. Data analysis was performed using PASW Statistics
18.0 (Chicago, IL) and SAS 9.3. We compared baseline character-
istics of the two groups using independent samples ¢ tests for con-
tinuous data and Pearson chi-square tests for categorical data.

The primary aim of this pilot study is to determine the feasibility
and acceptability of structured exercise in older adults with late-life
PTSD and is 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,
though caution is still warranted in interpreting results due to small
overall sample size. The between-group difference at 12 weeks (mean
difference [MD] and 95% confidence interval [CI]) was calculated for
all outcome measures. Cohen’s d effect sizes were calculated as the dif-
ference in means between the two groups divided by the SD and is in-
terpreted as d = 0.20 (small), d = 0.50 (medium), and d = 0.80 (large).

Results

Recruitment and Participant Characteristics

The recruitment period started November 2015 and was originally
planned to last 18 months, but was extended to 2 years due to various
life events of the principal investigator who caused delays in recruit-
ment. Figure 1 shows the flow of participants through the study.
In all, 701 patients were screened for eligibility, of which 380 were
excluded. The most common reasons for ineligibility were psychotic
illness and active alcohol or substance abuse. Among potentially eli-
gible participants, 166 individuals declined to participate, and 99
were unable to be contacted by our research team. The remaining 54
participants were eligible and randomized (36 to exercise, 18 to WL);

Enrollment

Assessed for eligibility
(n=701)

Excluded (n=647)
“ Not meeting inclusion criteria
(n=380)
" Declined to participate (n=168)
“ Unable to contact (n=99)

Randomized (n=54)

I Allocation I

Allocated to exercise intervention (n=36)
“ Received allocated intervention (n=33)
" Did not receive allocated intervention
(unable to contact after initial
appointment) (n=3)

Allocated to wait list control (n=18)
“ Received allocated intervention (n=18)

Follow-Up

Lost to follow-up (family issues) (n=1)
Discontinued intervention (surgery) (n=1)

I Analysis I

Analysed (n=15)
“ Missing physical performance data-
excluded from analysis (n=2)

Lost to follow-up (unable to contact) (n=1)

Analysed (n=31)
" Excluded from analysis (n=0)

Figure 1. Participant flow through the study.
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89% completed the 12-week study. Overall, the dropout rate did not
differ between groups (x> (1) = .84, p = 36). Sensitivity analyses be-
tween 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 symptom severity, al-
though BMI was higher among dropouts (35.2 kg/m?vs 29.9 kg/m?,
p < .05). Two individuals had missing data on 12-week assessments,
leaving 48 participants with complete data.

The severity of PTSD reported by the sample was high (mean
score on the PTSD Checklist for DSM-V = 40.9), and average dur-
ation of symptoms was 45 years. Baseline mental health character-
istics and changes with exercise in this pilot trial have been reported
previously (48). Participant characteristics are given in Table 1. The
sample was predominantly male (90.7%) and were predomin-
antly Vietnam-era veterans (88.9%), with a mean age of 67 years
(range 60-78 years). Participants reported significant mental (87%
comorbid depression) and physical (average 3.6 comorbid health
conditions) health burden. The most common physical health
comorbidities were hypertension (79.6%), hyperlipidemia (53.6%),
and diabetes (50.0%). We had great success recruiting minority pa-
tients to participate (83 % African American), who have higher rates
of PTSD than Caucasians. The mean baseline BMI was 30.5 kg/m?,
and 83.3% of the sample were overweight or obese. There were no
significant differences between groups on any observed (Table 1) or
measured (Table 2) variables at baseline.

Primary Outcomes

Feasibility and acceptability

Participation in the exercise program among these older veterans
with PTSD was very high, with 89% completing the 12-week pro-
gram and attending 82% of the sessions offered. In evaluating the
data on a dose-response relationship, there were small-to-moderate
correlations between number of sessions completed and change
in outcome measures, though none were statistically significant.
Analysis of the relationship between baseline levels of the outcome
variables and the number of sessions attended showed significant
positive associations with balance and gait speed (rs = 0.35 and 0.42,

Table 1. Participant Characteristics at Baseline

Exercise WL
(n=36) (n=18) Statistic
Variable Mean (SD) Mean (SD) p Value
Age (y) 67.7 (3.2) 66.9 (4.3) +=0.77
p=.44
Male gender, 7 (%) 34 (94%) 15(83) x>=1.8
p=.18
African American race, 33(92) 13 (72) x>=1.8
n (%) p=.06
Hispanic ethnicity, 7 (%) 0 0 NA
< High school education, 6(17) 2 (11) x> =0.29
n (%) p=.59
Number of comorbidities 3.7 (1.6) 3.9 (1.8) t=-0.28
p=.78
Body mass index (kg/m?) 30.6 (5.9) 30.4 (4.4) t=0.12
p=.91
Desired, 17 (%) 6 (16.7) 3(16.7)
Overweight, 7 (%) 12 (33.3) 5(27.8)
Obese, 7 (%) 18 (50.0) 10 (55.5)

Note: NA = Not applicable; SD = Standard deviation.

ps < .05) and significant negative associations with waist circumfer-
ence, body weight, and BMI (rs = -0.40 to -0.43, ps < .05).

Intervention Effects

Between-group effect sizes for pre-post changes are given in
Table 2. Substantial improvements in physical activity levels
(MD = 1262.7,d = 1.37 [95% CIL: 675.1, 1850.9) were observed
for the exercise group, compared with the WL group. Participants in
the exercise group demonstrated an increase in 1,588.6 MET-min/
wk in physical activity from baseline to postintervention (434% in-
crease from baseline), and patients in the WL condition showed an
increase in 325.9 MET-min/wk (93% increase from baseline). A sub-
stantial portion of the increase in activity minutes among exercise
group participants was accounted for by changes in strengthening
activities, with a greater than 10-fold increase from 57 MET-min/
wk at baseline to 758 MET-min/wk at 12 weeks (data not shown).
Among those in the exercise group, 97% achieved the recommended
therapeutic dose of 500-1,000 MET-min/wk by the end of 12 weeks
compared to 29% among those in the WL.

Moderate between-group differences were observed for the
6MWT. Performance on the 6SMWT improved by 69 m in the exer-
cise group compared to 10 m in the WL group (MD = 58.93,d = 0.50
[95% CI: -16.3, 134.2]). At baseline, participants scored at the 10th
percentile of population norms; those in the exercise group improved
performance to the 37th percentile at 12 weeks, but performance re-
mained relatively stable in the WL group. A change in 6-minute walk
distance of 50 m is considered substantial meaningful change (49),
and 70% met or exceeded this criteria in the exercise group.

Secondary Outcomes

Changes in physical function performance

Between-group effect sizes for pre-post changes are given in Table
2. The treatment groups differed with respect to changes in phys-
ical function performance. Between-group differences across the per-
formance assessments ranged from small to large (ds = 0.28-1.48),
favoring the exercise arm. Large between-group differences were ob-
served for rapid gait speed (MD = 58.93,d = 0.50 [95% CI: -16.3,
134.2]), single leg balance stand (MD = 6.71,d = 1.10 [95% CI: 2.9,
10.5]), and 30-second chair stands (MD = 3.56,d = 1.48 [95% CI:
-4.9, -2.2). The most marked between-group differences were ob-
served for muscle strength, as measured by the 30-second chair stand
test. At baseline, participants scored at the 11th percentile of popu-
lation norms; those in the exercise group improved performance to
the 41st percentile at 12 weeks, but performance remained stable in
the WL group. Participants in the exercise condition also improved
rapid-paced walking speed (+0.16 m/s; clinically meaningful differ-
ence = 0.1 m/s, 50) and balance (+2.34 seconds) compared to those
in the WL group who showed declines in walking speed (-0.13 m/s)
and balance performance (-4.37 seconds). Small between-group dif-
ferences were observed for usual gait speed (MD = 0.08, d = 0.40
[95% CI: -0.04, 0.20]) and 8-foot up-and-go test (MD = 6.71,
d=0.28 [95% CI: -1.6, 0.5]), favoring the exercise arm.

Changes in Health-Related Quality of Life

Between-group effect sizes for pre-post changes are given in Table
2. Small improvements in the SF-36 PCS were observed for the exer-
cise group, compared with the WL group (MD =4.00 d = 0.48 [95%
CL: -1.0, 9.0]). Between-group differences across the four Physical
Health Component Score subscales (bodily pain, physical function,
general health, and role-physical) ranged from small to moderate
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Table 2. Group Means and Differences Between Group Means for All Outcomes

Baseline Change Difference Between Groups

Outcome Mean SE Mean SE Mean Change 95% CI Cohen’s d
Physical activity (MET-min/wk)

Exercise group 365.8 95.2 +1,588.6 192.2

Control group 349.4 122.2 +325.9 178.8 1262.7 675.1 t0 1,850.9 1.37
Aerobic endurance (6MWT, m)

Exercise group 462.1 22.3 +69.0 29.8

Control group 465.9 32.0 +10.1 21.7 58.9 -53.4t0 440.2 0.50
Gait speed (m/s)
Usual gait speed

Exercise group 1.10 0.03 +0.07 0.03

Control group 1.12 0.05 -0.01 0.06 0.08 -0.04 to 0.20 0.40
Rapid gait speed (m/s)

Exercise group 1.57 0.29 +0.16 0.08

Control group 1.74 0.40 -0.13 0.66 0.27 0.11 to 0.40 1.11

30-sec chair stands

Exercise group 10.3 3.1 +3.29 0.4

Control group 10.4 3.6 -0.27 0.6 3.56 -4.9 to -2.2 1.48
8-foot up-and-go (sec)

Exercise group 6.0 1.7 -0.69 0.14

Control group 5.5 1.1 -0.13 0.66 -0.57 -1.6t0 0.5 0.28

Single leg stand (sec)

Exercise group 16.6 10.6 +2.34 1.18

Control group 22.0 8.4 -4.37 1.35 6.71 2.9 to 10.5 1.10
SE-36 Physical Health Component Score

Exercise group 39.8 9.8 +2.15 1.38

Control group 43.8 8.2 -1.85 2.20 4.00 -1.0 t0 9.0 0.48
Waist circumference (cm)

Exercise group 110.5 16.6 -2.09 0.70

Control group 108.2 12.5 +0.22 1.28 -2.31 -0.46 t0 5.0 0.51
Weight (kg)

Exercise group 95.91 3.72 +0.39 0.35

Control group 90.69 4.21 +0.05 0.53 0.34 -0.89 to 1.59 0.16
BMI (kg/m?)

Exercise group 30.57 0.98 0.17 0.14

Control group 30.38 1.05 -0.09 0.20 0.27 -0.21 to 0.74 0.34
Resting HR (bpm)

Exercise group 72.31 2.27 -2.06 1.18

Control group 69.22 2.24 +1.06 2.78 -3.12 -8.34 t0 2.09 0.33
Systolic blood pressure

Exercise group 132.92 3.14 -4.93 3.06

Control group 127.61 2.98 +4.29 3.17 -9.23 -18.81t0 0.35 0.61
Diastolic blood pressure

Exercise group 76.94 1.79 -2.13 1.38

Control group 74.39 1.85 -0.41 2.53 -1.72 -7.02 to 3.59 0.19

Note: Higher scores reflect better function/health with the exception of 8-foot up-and-go and waist circumference. Cohen’s d effect sizes interpreted as d = 0.20

(small), d = 0.50 (medium), and d = 0.80 (large). No significant between-group differences were observed for any of the variables at baseline. BMI = body mass

index; HR = heart rate; 6MWT = 6-minute walk test.

(ds = 0.29-0.61), favoring the exercise arm (data not shown). A 1.0-
unit change in SF-36 PCS is considered clinically meaningful (51),
and scores improved, on average, 2.1 units in the exercise arm.

Changes in Clinical Health Indicators

Between-group effect sizes for pre-post changes are given in Table
2. Moderate between-group differences were observed for waist cir-
cumference (MD = -2.31,d = 0.51 [95% CI: -0.46, 5.0]). Waist cir-
cumference decreased an average 2 cm (0.8 inches) in the exercise
group, compared to patients in the WL group where waist circumfer-
ence remained stable for more than 12 weeks. Small-sized effects were
observed for BMI (MD = +0.27, d = 0.34 [95% CI: -0.21, 0.74]) for
more than 12 weeks; trending upward in the exercise group. Small

between-group differences were also observed for resting heart rate,
which dropped an average 2 bpm in the exercise group compared
to a 1 bpm increase in WL (MD = -3.12,d = 0.33 [95% CI: -0.89,
1.59]). Moderate between-group differences were observed for sys-
tolic blood pressure, which decreased by nearly 5 mm Hg in the exer-
cise group compared to a 4 mm Hg increase in WL (MD = -9.23,
d = 0.61 [95% CIL: -18.81, 0.35]). No between-group differences
were observed for body weight or diastolic blood pressure.

Discussion

This pilot study investigated the feasibility of delivering a supervised
exercise intervention to older veterans with PTSD and the potential
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impact on important functional and clinical health indicators. This
is the first exercise trial to target older veterans with PTSD and is
the first to report the impact of exercise training on physical and
functional outcomes in this population with poor health and signifi-
cant comorbidities. We observed high adherence and participation
rates, evidence that this program was feasible and acceptable to pa-
tients. This pilot exercise intervention also demonstrated substantial
improvements in self-reported physical activity and aerobic endur-
ance, as well as functional outcomes, among older adults with PTSD.
Metabolic syndrome is highly prevalent in this population, and we
observed clinically relevant reductions in waist circumference and
systolic blood pressure, two indicators of metabolic syndrome.

Despite being relatively young, participants in this study presented
with high levels of physical inactivity and substantial functional im-
pairment. Compared to age- and gender-matched population norms,
they performed at just the 10th percentile for aerobic endurance
(6MWT), the 15th percentile for lower body strength (chair stand
test), and below average for gait speed and balance (43). Average
group performance on the chair stand test, 6MWT, and the 8-foot
up-and-go test also fall far below recommended standards for re-
maining physically mobile and independent in later life (52). Self-
reported physical health was also poor in this population, averaging
nearly nine points below population norms for the SF-36 (53). In the
absence of health-promoting interventions, these individuals are at
high risk for premature disability and frailty.

Warrior Wellness was a progressive, multicomponent exercise
program, emphasizing strength training and aerobic activity to ad-
dress the functional deficits and clinical health risk factors in this
population. Despite the presence of multiple comorbidities and func-
tional limitations, nearly 100% of patients were exercising at levels
commensurate with public health guidelines for physical activity
by the end of 12 weeks. Increases in physical activity were accom-
panied by clinically significant improvements in aerobic endurance,
strength, and gait speed in this sample of older veterans with PTSD.
The results of this pilot study suggest clinically meaningful benefit
of exercise across multiple domains of function associated with in-
dependent living and quality of life; though additional larger studies
are needed to robustly test these effects.

Older veterans with PTSD entered the study with high rates of
overweight/obesity and substantial impairments across multiple do-
mains of physical function, underscoring the critical need for health
interventions in this population. Clinical trials in PTSD have largely
focused on empirically supported psychotherapy treatments to reduce
symptoms. There are few studies of trauma-focused therapy for PTSD
in older adults, but based on the current evidence, psychotherapy
alone is unlikely to improve cardiovascular health or induce clinic-
ally relevant functional improvements in older adults with PTSD (54).

Psychotherapy treatment options for PTSD also suffer poor en-
gagement and adherence: One-third of patients drop out before com-
pleting a full course of treatment (55-57), and African American
veterans are less likely to seek mental health treatment (1,58), des-
pite having higher rates of PTSD and greater symptom severity than
Caucasian veterans. The low adherence and racial disparities reported
for psychotherapy among veterans with PTSD contrast sharply with
what we observed in this study of supervised exercise where adher-
ence was very high (89%) and we had great success recruiting mi-
nority veterans with PTSD to participate (83% African American).
Exercise may have promise for attracting more veterans, particularly
minorities, into care and for improving cardiometabolic health and
physical functioning as a stand-alone or adjunctive behavioral treat-
ment for late-life PTSD. Future studies in this area are warranted.

The main limitation of the current study is that generalizability
may be limited by several factors, including small overall sample
size, high exclusion rate, and majority representation of a specific
cohort of veteran (Vietnam-era), all of which could impact partici-
pation, adherence, and intervention effects. Relatedly, the relatively
low number of female veterans who participated in this pilot study
(9.3%), although expected given the demographics of the older vet-
eran population, is a limitation of the study and the field more gen-
erally that has largely studied younger male populations (59). The
focus of this study on military veterans also limits the generalizability
of conclusions to non-Veterans (ie, civilian older adults). Military
veterans represent a unique population that has been exposed to
a plethora of individual, psychological, and physical stressors (eg,
musculoskeletal and overuse injuries) through military training and
combat that are typically not germane to the general population.
For example, 78% of this sample reported PTSD symptoms related
to traumatic combat experiences. Military core values such as lead-
ership and subordination, commitment, and duty also make this a
unique population (60) and may contribute to higher rates of ad-
herence and compliance compared to non-veterans. Although this
has not been directly explored, other studies of similar duration in
younger adults with PTSD (veterans and non-veterans) report a 75 %
completion rate (17,20), compared to 89% reported here.

Another limitation is that we did not track medications that
could impact changes in some secondary outcomes. Finally, we did
not measure outcomes in long term, so we cannot say whether these
changes were sustained past this brief intervention. It would also be
of interest to know whether changes in physical activity behavior
impacted other lifestyle behaviors (eg, diet, substance use) or bio-
markers of cardiometabolic health (eg, inflammatory cytokines), and
whether the effects of the exercise program differed for specific phys-
ical health comorbidities.

We previously reported improvements in PTSD and specific
PTSD symptom clusters with exercise training in this sample (48).
Considering that many of the impairing conditions associated with
PTSD (eg, diabetes, physical deconditioning) are linked to lifestyle fac-
tors (eg, smoking, diet, exercise), treatment options that target exercise
represent a promising approach for reducing physical comorbidity
and functional impairment among older adults with PTSD.

Exercise is a low-cost and low-stigma health intervention that is
relatively easy to implement and warrants consideration as a potent
clinical intervention for older adults with PTSD. However, it is im-
portant to note that we employed several evidence-based strategies
to enhance motivation and retention in these patients; these strategies
should be considered (along with other design elements) in future
clinical implementation efforts. The tailored and targeted strategies
utilized in this study include psychoeducation around hyperarousal
and vigilance in the exercise setting, peer support, physical func-
tion testing with patient feedback, and individualized exercise pre-
scriptions, among others (31). Patient feedback about the program
suggests that these elements were salient and effectual (61). In con-
clusion, supervised exercise training may represent an empowering
adjunctive therapy to promote mobility, social engagement, and func-
tional independence among older adults living with chronic PTSD.
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