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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: Posttraumatic stress disorder (PTSD) is a chronic, disabling, and prevalent mental
Complementary and alternative medicine health disorder among Veterans. Despite the availability of empirically supported psychotherapies, many Vet-
Yoga

erans remain symptomatic after treatment and/or prefer to seek complementary and integrative health ap-
proaches, including yoga, to manage PTSD. The randomized controlled trial (RCT) described herein will evaluate
the efficacy of a manualized yoga program as compared to nonaerobic exercise in reducing PTSD severity among
Veterans. A secondary aim of this study is to better understand the mechanisms of change.

Methods: Veterans (N = 192) with PTSD will be randomized to hatha yoga or nonaerobic physical activity
control; both groups consist of 12 weekly, 60-min group or online training sessions with 15-20 min of daily at-
home practice. Outcome measures will be administered at baseline, mid-treatment, posttreatment, and 12-week
follow-up.

Projected outcomes: This study will evaluate changes in PTSD severity (primary outcome) as well as depression,
anxiety, anger, sleep problems, and psychosocial disability (secondary outcomes). We will also use multiple
mediation to examine two potential models of the mechanisms of clinical effect: the Attention Model (i.e., yoga
increases attentional control, which reduces PTSD symptoms), the Coping Model (i.e., yoga increases distress
tolerance, which improves coping, which reduces PTSD symptoms), and the combination of these models. This
aspect of the study is innovative and important given the absence of an existing, comprehensive model for
understanding yoga’s impact on PTSD. Ultimately, we hope to develop guidelines for application of yoga to PTSD
recovery.

Posttraumatic stress disorder
Randomized controlled trial
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1. Introduction

Posttraumatic stress disorder (PTSD) is a chronic, debilitating dis-
order that broadly impacts affected individuals. The VA/DOD Clinical
Practice Guideline for the Management of Posttraumatic Stress Disorder
and Acute Stress Disorder [1] recommends individual manualized
trauma-focused psychotherapy as the first line treatment approach.
Although these therapies effectively reduce PTSD symptoms, most pa-
tients continue to have a diagnosable disorder after treatment [2].
Others seek alternatives to psychotherapy and pharmacotherapy based
on individual preferences [3]. VA facilities offer an array of comple-
mentary and alternative approaches [4], but there is a paucity of evi-
dence about their effectiveness [5]. Although yoga is the most
commonly used complementary intervention among adults in the US
[6], there is insufficient evidence to recommend it for treatment of PTSD
[7]. A recent meta-analysis found that yoga outperforms no treatment
but not attentional controls in terms of reduction in PTSD symptoms, but
findings were highly variable and the extant studies were of inconsistent
quality [8], highlighting the need for additional high quality research in
this area. Most studies in Veterans to date have been small and/or un-
controlled [9-11]. The exception is a large trial comparing yoga to a
wellness control, which found small-medium effects favoring yoga at
post-treatment [12]. To date, however, yoga has not been compared to
other types of physical activity in terms of impact on PTSD symptoms.
The purpose of this manuscript is to describe the rationale, objectives,
methods, and theoretical and pragmatic issues in conducting a ran-
domized controlled trial (RCT) of yoga as compared to a non-aerobic
physical activity control for Veterans with PTSD.

Effective psychotherapies are designed based on conceptual under-
standing of processes that create or maintain psychopathology and the
application of techniques to modify important mechanisms. Similarly,
the study of yoga-based interventions should seek to elucidate mecha-
nisms of change that underlie the treatment response; an additional goal
of this paper is to describe the potential mechanisms of change that will
be explored in this study.

Attentional model. One potential model of change is based on
cognitive abnormalities observed with PTSD. In particular, PTSD has
been linked to impaired attention regulation and inhibitory control
[13-16]. We have previously hypothesized that such deficits in execu-
tive functioning contribute to difficulty regulating cognitions and
emotions, sustaining PTSD. We further suggested that remediation of
such deficits may help to resolve PTSD symptoms [17]. Yoga may
represent a form of cognitive training insofar as it provides practice in
attentional control. Yoga involves active and deliberate regulation of
attention to the breath or to a fixed point [18]. Because other techniques
that provide repeated practice with allocation of attention, such as
focused attention mindfulness, have been linked to enhanced attentional
functioning (e.g. Refs. [18,19], we hypothesize that yoga may influence
PTSD symptoms by building attentional control (refer to Fig. 1).

Coping model. An alternative model is motivated by findings that
PTSD is driven by maladaptive coping processes, such as impaired
emotion regulation and increased rumination, thought suppression and
experiential avoidance [20]. We hypothesize that yoga may build one’s
capacity to regulate emotions [21] by increasing tolerance of
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discomfort. This has been demonstrated in a laboratory setting; in-
dividuals with extensive experience with yoga have been shown to
tolerate induced pain about twice as long as controls without a yoga
practice [22]. This has also been demonstrated in a clinical sample;
Medina et al. [23] showed that hatha yoga increased self-reported
distress tolerance, which in turn led to less emotional eating, in a sam-
ple of women who were identified as having difficulty in this area. A
direct extension of these data is diagrammed in Fig. 2. We will examine
the model that yoga increases tolerance of discomfort, which improves
coping, which in turn reduces PTSD symptoms. To inform future work,
we additionally will explore whether a combination of the Attention and
Coping Models explains more variance than either one alone.

2. Materials and methods
2.1. Research design

This study is an RCT of Hatha yoga as compared to a nonaerobic
exercise control condition. A sample of 192 participants will be recruited
to have at least 144 completers (25% attrition). Longitudinal outcome
assessments will take place over the active treatment period (14 weeks)
and a 12-week follow-up. The follow-up is planned because a previous
trial suggested that ongoing practice is critical for continued clinical
effects [24], so replication of that finding has important clinical
implications.

2.2. Participants

Participants will be Veterans with a diagnosis of PTSD or sub-
syndromal PTSD accompanied by distress and impairment, aged 18 or
older, who are able to consent and willing to participate. Co-occurring
disorders such as depression, anxiety, or treated substance abuse or
dependence problems are permitted provided that PTSD is the primary
presenting complaint. There is no restriction as to the type of trauma
experienced. Heterogeneity within the group of Veterans (e.g., gender,
era of service, type of trauma) is allowed for greater generalizability of
the results from this sample as well as to facilitate recruitment. Trauma
sensitive principles [25] will be employed to maximize participants’
comfort, particularly for individuals with concerns about personal
safety/bodily integrity. The following are criteria for exclusion: (1)
serious suicidality or homicidality that has required urgent or emergent
evaluation or treatment within the past three months, (2) a known,
untreated substance abuse or dependence problem (inclusion is possible
if there is evidence that the individual has been afforded and is
complying with treatment for the substance problem), (3) serious
mental disorders, such as psychotic disorders or bipolar type I, or serious
dissociative symptoms, (4) cognitive impairment that would interfere
with treatment, (5) circumstances that lead to recurrent traumatization
(e.g., engaged in a violent relationship), (6) any medical condition for
which yoga or exercise is contraindicated and pregnancy, and (7) con-
current enrollment in any other treatment specifically targeting PTSD
symptoms or any meditative or mind-body intervention (including yoga
practice >1 class/month in the preceding 6 months). Participants can
continue current pharmacological treatment, provided they have

Attentional
Control

Fig. 1. Proposed multiple mediation of the impact of yoga on PTSD via mindfulness and attentional control.
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Tolerance of
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Fig. 2. Proposed multiple mediation of the impact of yoga on PTSD via tolerance of discomfort and coping.

stabilized on medication, i.e., no additional treatment response is ex-
pected, and no changes are anticipated during the study period. Ongoing
supportive or nonspecific therapies are allowed as well. These selection
criteria are intentionally broad to represent as fully as possible Veterans
who may seek alternative interventions for their PTSD. The sample may
have limited generalizability to non-military populations.

2.3. Study procedures

The study procedures are approved by the Institutional Review
Board (IRB) at VA San Diego Healthcare System and overseen by the VA
Clinical Science Research and Development (CSR&D) Data Monitoring
Committee.

Potential participants will be recruited from VA clinics and the
community. Community recruitment will include placing advertise-
ments in places frequented by Veterans (e.g., Veterans Centers on local
college campuses) and where people may seek alternative interventions
(e.g., health food store bulletin boards, targeted publications), and
providing information through local Veterans’ groups and word of
mouth. The initial contact for potential participants will be with a study
recruiter/assessor, who will complete informed consent and conduct the
evaluation for eligibility. After eligibility and consent are confirmed, the
participant will complete assessments at baseline, 6 weeks, 12 weeks
and 24 weeks (a 2-week grace-period is allowed around all assessments
after baseline). Evaluation of safety will take place on a weekly basis.
Participants will receive a payment for each major data collection point
($75 at each of baseline and post-treatment and $100 for follow-up for a
total of $250). Randomization will be done by the study statistician with
2:1 allocation to yoga. Randomization will follow the baseline assess-
ment and take place at the individual level via pre-sealed envelopes.

The COVID-19 pandemic began during the first year of recruitment
for the study (approx. 15% of the sample had been enrolled prior to the
need to stop in person activity). The pandemic necessitated a change to
entirely remote procedures, including documentation of informed con-
sent, data collection, and intervention delivery. Because of the need to
conduct all assessments remotely, we had to use alternative versions of
some tasks and to remove those that can only be conducted in person or
that require precise timing (refer to Measures). We plan to resume in
person study activities when possible, likely allowing for some remote
procedures (e.g., completion of self-report measures, make-up classes) to
promote retention.

2.4. Measures

Instrument selection for this trial was based on psychometric prop-
erties, past use with mental health populations and/or yoga, conceptual
fit with our model, and minimizing participant burden. The sample will
be characterized at baseline in terms of relevant demographic charac-
teristics (age, gender, race/ethnicity, relationship status, years of edu-
cation, SES/income/living situation, occupation/work status, branch of
service/highest rank, service connection/disability status).

2.4.1. Eligibility

Individuals with a PTSD Checklist — 5 (PCL-5 [26]; score of 33 or
greater, the currently recommended cutoff for the instrument [80], will
be eligible for enrollment. Individuals with lower initial PCL-5 scores
may still be eligible if they meet criteria for PTSD or subsyndromal PTSD
(criterion A and B plus one additional criterion) using the Clinician
Administered PTSD Scale for DSM-5 (CAPS-5 [26]; refer to 2.4.2). Sui-
cidality, substance dependence, and serious mental illness will be
evaluated using the Mini International Neuropsychiatric Interview
(MINI 7.0; [27], which has been validated against other validated
structured interviews. It will be supplemented with questions to assess
homicidality. The Montreal Cognitive Assessment’ (MoCA [28]; is a
brief (~10 min) clinician-administered cognitive screening test, which
will be used to screen for cognitive impairment. If the score is < 22,
which has been identified an as appropriate cutoff for psychiatric pa-
tients [29], patients will be referred for additional evaluation and
excluded, unless a qualified clinician provides clearance to participate.
The blind version of the MoCA, which is the same as the MoCA except for
the removal of visual items, is used for remote assessments. The Life
Events Checklist portion of the CAPS-5 will describe the type and
number of traumas to which an individual has been exposed, including
identifying current circumstances that may preclude study involvement.
Ability to tolerate exercise will be assessed using a Pre-Exercise
Screening Tool. Finally, the participant will be queried about use of
mental health services, including pharmacotherapy, psychotherapy
(type, modality, frequency and duration), complementary and alterna-
tive approaches and hospitalization using a modified version of the
Emory Treatment Resistance Interview for PTSD (ETRIP; [30].

2.4.2. Primary outcome

The CAPS-5 [26] will be used to establish the PTSD diagnosis and
quantify severity. This clinician-rated measure of PTSD is the “gold
standard” for assessing PTSD. It has high internal consistency (for the
DSM-1IV version, alphas of 0.87 and 0.88 for the three PTSD symptom
clusters and 0.95 for PTSD symptoms overall) and validity (sensitivity,
specificity, efficiency, and agreement). The CAPS will be administered
by a trained assessor who is blind to treatment condition, and the total
score will be used as the primary measure of clinical outcome.

2.4.3. Secondary outcomes

Given our interest in exploring the effect of these interventions on
symptoms that commonly co-occur with PTSD, we will also assess the
following additional outcomes. Depression severity will be measured by
the Patient Health Questionnaire depression items (PHQ-9; [31]. The
PHQ-9 has strong internal consistency (0.74-0.81), validity, and
demonstrated responsiveness to change [32]. General anxiety will be
measured by the 40-item State-Trait Anxiety Inventory (STAL [33]. In
clinical samples, the STAI has strong internal consistency (0.94) and
test-retest reliability (0.93) and corresponds highly with other measures
of anxiety [34]. Anger will be measured by the 35-item State-Trait Anger
Expression Inventory — II (STAXI-II; [35]. The internal consistency of the
STAXI-II subscales ranges from 0.72 to 0.96 in psychiatric patients and
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has strong convergent and divergent validity [36]. Sleep problems will
be quantified using the Insomnia Severity Index (ISI; [37], a 7-item in-
strument that assesses the consequences of and distress related to
insomnia. The internal consistency of the ISI is 0.74, reflecting some
heterogeneity among the items. The measure has a moderate corre-
spondence to measures of sleep quality as derived from sleep diaries but
is considerably less burdensome [37]. Pain will be assessed using the
PROMIS pain intensity, pain interference and physical function scales
[38]. These measures have been shown to detect intervention-related
change in heterogeneous pain groups [39]. Finally, the Sheehan
Disability Scale (SDS; [40], a 3-item measure of impairment in work,
social, and family settings, will be included. This widely used but
low-burden measure of disability has been shown to change with
treatment in similar population samples (e.g., Ref. [41].

2.4.4. Safety measures

The PCL-5 and PHQ-9 will be administered prior to every in person
session, as is typical practice for PTSD interventions in the VA. Addi-
tionally, the Alcohol Use Disorders Identification Test (AUDIT [42]; will
be used to track problematic alcohol use and a post-exercise survey will
be used to injuries related to the interventions. After the onset of the
pandemic, a study nurse began calling participants each week to
administer these measures, and the CAIR Pandemic Impact Question-
naire (unvalidated measure available from the first author) was added to
assess pandemic-related stressors, mental health changes and perceived
growth.

2.4.5. Mechanistic Variables': Attention Model (Fig. 1)

The hypothesized link between yoga and attention is through
repeated practice of focused attention during classes. Two measures will
be used to quantify the extent to which the skill is developed in the
course of the study. The present-moment awareness subscale of the
Philadelphia Mindfulness Scale (PMS [43]; will be used to quantify
attention to the present moment. The PMS has good internal consistency
(Cronbach’s a 0.75) and validity (e.g., corresponds highly with other
measures of mindfulness but not with measures of psychopathology or
social desirability) in psychiatric samples. A mindful breathing task,
wherein participants are instructed to focus on their breath for an un-
disclosed period and prompted at unpredictable intervals to indicate
whether their focus was on the breath or elsewhere, will be included as
an objective measure of capacity for focused attention to breath. This
task is positively associated with mindfulness and negatively associated
with measures of rumination, repetitive thinking, fear of bodily sensa-
tions and depression [44].

To characterize the nature of yoga’s impact on attention, we will
utilize two tasks with an affectively neutral context, as well as two tasks
that include affective stimuli to allow for an assessment of the ability to
deploy attentional resources in emotional contexts. The Digit Span test
from the Wechsler Adult Intelligence Scale 4th edition (WAIS-IV) will be
used as a standardized neuropsychological measure of attention and
working memory [45]. This test includes Digit Span Forward, wherein
the participant is read a sequence of numbers and recites the numbers
back in the same order; Digit Span Backwards, wherein the participant is
read a sequence of numbers and must recite them back in reverse order;
and Digit Span Sequencing, wherein the participant is read a sequence of
numbers and must recite them back in numerically ascending order.
Digit Span is a well validated assessment with established norms and has
been shown to be sensitive to change in a study using a yoga interven-
tion [46]. Each raw subtest subscore is calculated based on the number
of items correctly recited on each trial. Guidelines are available to allow
for remote administration of this measure, and modality of adminis-
tration has been shown not to affect performance [47]. The Attentional
Network Task (ANT) is a commonly used computerized visual attention
task [48]. During the task, participants are asked to identify the direc-
tion that a central target arrow points. On either side of the target arrow
are flankers that serve as potential visual distractors. The direction of
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these flankers can be congruent (arrow the same direction as the target),
incongruent (arrow the opposite direction of the target), or neutral (no
arrow). On some trials - prior to presentation of the target arrow and
flankers - cues are presented that can indicate the position of the up-
coming target (orienting), the opposite of the position of the upcoming
target (disengagement), or in the center. Thus, the ANT is comprised of
seven discrete conditions consisting of combinations of four cue condi-
tions and three flanker conditions. Outcomes include reaction times for
each condition, corresponding to the respective attentional network
processes, with lower reaction times indicative of better attention con-
trol performance. A recent study found that the ANT task detected
changes in attentional functioning associated with hatha yoga practice
[49]. In order to evaluate attentional capacity under internally gener-
ated affective context (e.g., frustration, stress), the computerized adap-
tive Paced Auditory Serial Addition Task (PASAT) will be used. In this
task, participants are presented with single digits aurally. The partici-
pant is instructed to add each new digit to the preceding digit and note
the correct result using computer interface, receiving feedback after
each trial. The time available to compute the answer will begin at 3 s,
then decreases on an adaptive schedule based on task performance,
leading to decreasing available response time and increased error rates.
The task has been shown to reliably assess both attentional control
processes [50] and to evoke stress in laboratory studies [51]. The task
will allow for an evaluation of the ability to utilize cognitive resources in
the face of negative affect. Mean decision time allowed is used as an
index of performance. To evaluate attentional control in the presence of
external affective context the emotional Stroop task (eStroop) will be
used. The eStroop is similar to the original Stroop task [52], which re-
quires participants to label the color of ink that color names are printed
in. In the eStroop, the printed word is neutral in valence (e.g., ‘pencil’)
on some trials and affectively valenced (e.g., ‘attack’) on other trials.
The eStroop is designed to evaluate the influence of emotional content
by manipulating the valence of the to-be-ignored word and testing for
any changes in performance. Extant data demonstrate that individuals
with anxiety and PTSD have delayed response times for color naming of
emotional words compared to neutral words [53,54]. Attention control
mechanisms involved in the orienting, maintaining, and shifting of
attention are thought to determine the degree to which emotional in-
formation detrimentally impacts performance by altering attention from
task demands [55,56]. Shorter reaction time latencies reflect greater
attention control, and lower discrepancy between neutral and affective
trials indicates a lower impact of emotion on performance. Because of
the precise timing required for the ANT, PASAT and eStroop, these
cannot be administered remotely.

2.4.6. Mechanistic Variables: coping model (Fig. 2)

We hope to identify a latent variable indicating maladaptive coping
strategies that are associated with PTSD based on the following potential
indicators. The Ruminative Thought Style Questionnaire (RTSQ) is a 20-
item, Likert-based (1-7) scale with good psychometric properties
(Cronbach’s a 0.92, strong correlations with measures of depression,
anxiety and repetitive thought) and demonstrated separability from
mood [57]. The Emotion Regulation Questionnaire (ERQ [58]; is a
10-item measure of reappraisal and expressive suppression, which are
thought to be effective and ineffective emotion regulation strategies
respectively. The ERQ expressive suppression subscale has previously
been shown to be impacted by yoga in PTSD patients [21] and has good
convergent and discriminant validity and internal consistency [58].
Experiential avoidance will be quantified using the Brief Experiential
Avoidance Questionnaire (BEAQ; [79]). This 15-item Likert-based (1-6)
measure was developed to improve upon the Acceptance and Action
Questionnaire — IT (AAQ-II), which has been shown to be highly reflec-
tive of general distress [59]. The BEAQ has good internal consistency
(Cronbach’s o 0.86) and is more strongly related to measures of avoid-
ance than negative affect.

Our model also predicts that tolerance of discomfort will contribute
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to the coping model. To assess this, we will use the Distress Tolerance
Scale (DTS), a 15-item, Likert-based (1-5) scale with good internal
consistency (Cronbach’s a 0.75) and adequate test-retest reliability (r =
0.61). The DTS has been shown to be associated with PTSD [60], pro-
spectively predict problematic alcohol use [61] and improved by Hatha
yoga [23]. In addition, cold pain tolerance will be used as an objective
measure of tolerance of discomfort, as in the Villemure et al. [22] study,
which showed greater pain tolerance associated with yoga practice.
Each participant will complete two hand immersions in a cold-water
bath (Thermo Scientific, Waltham, MA) at 5 °C (40.1°) with a 3-min
intertrial interval. Participants will be instructed to place their hand in
the cold-water bath up to their wrist until they can no longer tolerate the
pain, with a 2-min immersion maximum (though participants will not be
informed of this prior to the trials). Cold pain tolerance will be measured
as the time at which participants remove their hand from the cold water.
Immediately after removing the hand from the cold water, participants
also will provide verbal ratings of pain intensity and unpleasantness on a
scale of 0 (no pain sensation/unpleasantness) to 100 (the most inten-
se/unpleasant pain imaginable). The cold pressor was eliminated for
remote participants.

2.4.7. Physiological Variables'

When assessed in person, participants will wear an Empatica™
Watch, which is a physiological monitoring telemetry device, for a 5-
min acclimation period (visual puzzles), during the attention, mindful
breathing, and cold pressor tasks and then for a final 5-min recovery
period. The device stores and transmits vital signal data including pulse
oximetry (for heart rate), respiration rate, galvanic skin response, and
temperature. Cardiac data will be sampled at a frequency of 64 Hz using
a red and green frequencies to aide in peak detection by subtraction of
difference of light between oxygenated and non oxygenated peaks,
processing in R (R packages: wmtsa and rhrv) for RR interval calculation
and then passed to Kubios for secondary subject level processing [62].
The logistics of providing the device to remote participants made this
task infeasible during social distancing.

The primary physiological outcome of interest is reduced heart rate
variability (HRV). HRV, which quantitatively assesses variation in
heartbeat intervals, is used to gauge psychological distress, such as PTSD
[63] and changes in autonomic function, with HRV reflective of vagal
tone (parasympathetic activity; [64]. Both yoga and physical activity
increase HRV [65,66], and improve autonomic balance [67], e.g.,
leading to increased high frequency (HF) and decreased low frequency
(LF) cardiac activity [68]. Digitized electrocardiogram (ECG) data will
be analyzed to detect the R-wave peaks of the QRS complex and R-R
intervals. Artifacts and ectopic beats will be manually replaced using
interpolation. The objective will be to quantify HRV indices of para-
sympathetic cardiac control using measures from time and frequency
domains. The objective will be to quantify HRV indices of para-
sympathetic cardiac control using measures from time and frequency
domains during the periods of rest and recovery. Because HRV is hy-
pothesized to be affected by both interventions, this measure can be
considered an index of the equivalence of the interventions in terms of
anxiety-relevant physical conditioning. HRV may become a covariate,
particularly in relation to the coping model, to the extent that it is
differentially impacted by the interventions.

2.4.8. Compliance

Engagement in the interventions will be tracked via class attendance
or reported use of online materials. A weekly diary will be used to collect
information about at home practice and other physical activity, and
summative measures will be used to track continued physical activity
during the follow-up period.
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2.5. Treatment conditions

2.5.1. Hatha yoga

Yoga is an ancient system of physical postures (asana), breath (pra-
nayama), meditation, and self-awareness. Veterans will be guided
through the same standardized yoga protocol each week, detailed
below. The yoga program is the Level 2 Inner Strength protocol created
by Connected Warriors, a national organization disseminating trauma-
conscious yoga classes and teacher training to Veterans and active
duty military personnel (https://connectedwarriors.org). This protocol
was selected, in part, because it is already utilized in 32 VA medical
centers and Vet Centers, 16 active duty military installations, and online.
This sequence consists of 34 postures and is intended to establish a mind-
body connection, with a mindful present-centered focus, through
conscious breathing synchronized with stillness or movement.

Each yoga class begins with a theme (adapted from Ref. [69], which
is an idea to focus on during the yoga practice (e.g., “welcoming in all
aspects of experience”), and we will consistently encourage Veterans to
apply these ideas “off the mat,” in their daily lives. The Veterans are then
guided into a resting pose for conscious breathing. A strength and
movement warm-up sequence follows, beginning with spinal movement
(cat and cow poses), core activation (tiger pose), a common yoga pro-
gression of plank, downward facing dog, chaturanga to a gentle back
bend (sphinx pose), and a modified sun salutation. The protocol con-
tinues into several warrior poses and a balance pose (tree pose). Finally,
there is a progression of seated poses (e.g., supine twist, happy baby) as a
cool-down. The poses will be presented with several recommended
modifications for varying ability levels or to safely accommodate past
injuries. The class ends with a three-to-five minute final resting medi-
tation, called savasana.

2.5.2. Nonaerobic exercise

The exercise control condition was designed to meet the physical
activity guidelines [70] for muscle strengthening and flexibility exer-
cise. The manualized full-body stretching-strengthening class will be
held in 60-min sessions once weekly for 12 weeks, with home condi-
tioning focused on a specific body region (arms, legs, trunk, or full body)
for 15-20 min per day, matching the time spent in yoga practice. No
yoga postures, breathing, or meditative instruction will be included in
the control exercise program, and both intervention groups will receive
comparable levels of social interaction during group instruction. Each
exercise class will consist of a warm-up, strengthening exercises, and
cool-down periods. The warm-up and cool-down periods will comprise
30-s static stretches for all major muscle groups targeted by the Hatha
yoga intervention. Full body strengthening exercises will offer three
levels of difficulty, beginning with bodyweight only and progressing
toward greater resistance with hand weights or bands. Participants will
be instructed to perform as many repetitions as possible at a moderate,
self-selected pace during a 30-s work interval for each exercise. Partic-
ipants will add resistance when they are able to perform continuous
repetitions for the full 30-s with correct form and no rest breaks, while
maintaining a Rating of Perceived Exertion (RPE) of <4/10 (moderate to
somewhat hard) on the modified Borg Scale. Modifications for each
exercise will be offered to accommodate any physical limitations and
ensure the safety of individual participants. Consistent with current
recommendations for yoga trials, an active control group was selected to
control for the non-specific effects of exercise on PTSD symptoms. The
stretching-strengthening program was designed by a doctoral-level
physical therapist to match physical demands of the Hatha yoga inter-
vention, including low-load resisted movements and end-range static
postures to promote improvements in muscle strength/endurance and
flexibility, but not aerobic capacity. This type of exercise program was
previously shown to be comparable to Hatha yoga in terms of gains in
functional fitness [71] but less effective at improving cognition [72] in
community-dwelling samples of older adults. To match the structure of
the yoga class, the active control group also includes a “theme” at the
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beginning of the class, like hydration or the benefits of stretching.

2.5.3. Virtual classes

At the onset of the COVID-19 pandemic, we created video recordings
of classes. Participants will be provided with secure links to access the
pre-recorded class to which they are assigned, and study staff will
attempt to contact them on a weekly basis to collect data on class
attendance, encourage compliance, and collect safety measures. We plan
to begin offering live remote classes as well.

2.5.4. Training and supervision of instructors

The instructors, who teach both types of class, will be certified
(minimum of 200-h yoga teacher training; [82]) and trained in
trauma-sensitive yoga principles, which is a set of adaptations to
enhance the comfort of trauma survivors when yoga is delivered in a
group setting. Trauma-sensitive practice involves using invitatory (as
opposed to commanding) language, providing a space where clients feel
less vulnerable (e.g., lighting should not be too dark), allowing patients
to opt out of postures, minimizing physical assists until trust is estab-
lished, and creating an overall welcoming and approachable environ-
ment [25]. Additionally, both instructors will receive training from a
physical therapist on safe technique and progression, and on individu-
alized modification of exercises/poses and use of props to support those
with physical limitations.

Fidelity to the manual will be assessed using a standardized treat-
ment fidelity checklist for each intervention. Ten percent of yoga and
stretching-strengthening exercise sessions will be randomly selected for
onsite review by a licensed physical therapist. Sessions will be rated
using an adherence checklist for each procedure or instruction. In-
structors will receive written and verbal feedback to prevent drift and
ensure consistent delivery of the intervention between instructors and
across time.

2.6. Data analytic plan

2.6.1. Sample size

The sample size was estimated based on the primary analysis, which
will compare CAPS change from baseline to post-intervention between
two intervention groups. Medium effect size was selected based on
finding from previous yoga trials [73] and was defined as a
between-group difference increasing linearly from O at baseline to 0.5
SD units at post-intervention. We assumed a correlation coefficient of
0.8 between the repeated measures of the outcome. On this basis, we
proposed a total sample size of 144 completers to achieve a minimum
80% power to detect the significant difference in CAPS change between
two study interventions. We will attempt to enroll 192 Veterans,
allowing for 25% attrition, which would not be unusual for this
population.

2.6.2. Clinical outcomes and baseline variables

The distribution of study variables will be examined by descriptive
statistics (means, standard deviations, quartiles, frequency, proportion)
and graphs (boxplot, histogram and bar plot) overall as well as by study
intervention. Variables will be included as covariates in the model to
account for pre-existing group differences or factors that are known to
be associated with outcomes (e.g., age and cognitive measures).
Randomization will be tested by performing a series of Wilcoxon rank
sum tests and Chi-square/Fisher’s exact tests to compare demographic
and baseline clinical variables between two study interventions. The
pattern of missing data will be examined according to the procedure
recommended by Little and Rubin [74]; which includes comparing
group differences in the primary outcomes of subjects with versus
without missing data. We will also test whether the drop-outs are
random or systematic by comparing the drop-outs with the study com-
pleters on the baseline data. An absence of significant differences would
support the random nature of drop-outs. Effect of drop-outs will be
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minimized by including all subjects in the analyses and by including any
effect of systematic differences between the drop-outs and completers in
the model as a covariate when applicable.

Each outcome variable will be graphed versus time for each subject
for all available time points (baseline, mid-treatment, post-treatment,
follow-up) to visualize the trajectory of change over time. The difference
in the trajectory of change in outcome between two study interventions
will be assessed by linear mixed effects models. The mixed effects
method has several advantages over more traditional analytic ap-
proaches such as a change score, end-point, or repeated measures
analysis of variance. It allows the inclusion of subjects with missing data
or those who were terminated early in the study, without relying on data
imputation procedures. This method considers the correlation between
the repeated measurements within subjects, and it provides an estimate
of the individual variability around the population trend. We will
include fixed effects for intervention groups, time, and group-by-time
interaction in the model; time will be treated as a categorical variable
(baseline, mid-treatment, post-treatment, and follow-up). Both random
intercept and random slope will be assessed. Model comparison will be
performed using likelihood ratio test.

Baseline variables that are significantly associated with the outcome
(p < 0.15) or significantly different between two study interventions (p
< 0.10) will be included as covariates in the multivariable mixed effects
model. A backward variable elimination will be used to remove insig-
nificant covariates from the model. The variable with the largest p-value
was removed from the model each and only variables with p-value<0.10
will be kept as covariates in the final model.

2.6.3. Multiple mediation models

Let Y denote the outcome CAPS change score, M;, My denote two
mediators (Coping Model: tolerance of discomfort and coping), and X
denote the intervention. To examine the sequential mediation effect of
M; and My, we will fit three linear regression models.

)M =ao+ arX;
2) My = by + asX + bz]Ml; and
3) Y=co+c1X+bM; +byM, .

Three mediation effects will estimated from the above regression
coefficients: the mediation effects from X which passes through M; only
(a1b1), the mediation effect from X which passes through My only ( azbz)
and the mediation effect from X which passes through both M; and My
(a1ba1b2). The coefficient c;is the estimated direct effect of X and the
total effect of X is estimated by a;b; + axbs + ajb21bs + ¢1 . A bootstrap
technique will be used to calculate 95% confidence intervals for the
mediation effects and the total effect. The mediation effect will also be
quantified by calculating the proportion of the total effect explained by
the specific mediation effect, respectively. The analysis will be con-
ducted using R package lavaan [75].

2.6.4. Intervention modality

The primary analysis will include all randomized subjects. Because
the intervention modality is modified due to COVID-19, we will adjust
the analysis for study period. We will also examine whether modality
modifies the effect of intervention on outcome; subgroup analyses will
be performed for subjects with regular interventions and for subjects
with virtual interventions as appropriate.

2.6.5. Missing assessments

Some of our mechanistic analyses will be impacted by our inability to
conduct some assessments remotely. In particular, we will not be able to
use a composite of attention measures for these individuals but will have
to rely solely on the Digit Span Task. Similarly, the Mindful Breathing
Task will not be used in conjunction with the PMS to quantify capacity to
attend to the breath. Physiological data will not be available for remote
participants, reducing our power for these analyses.
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3. Discussion

The methodology of this trial was driven by the need for rigorous
studies of mind-body interventions for PTSD and by the need to advance
our understanding of the mechanisms by which such treatment may
support change. We relied heavily on psychotherapy trials when
developing the methodology (e.g., measures, timeline) for this study.
This allows for greater comparability of outcomes to other non-
pharmacologic interventions that are currently offered for PTSD. One
important methodological departure, however, is the way in which we
randomize participants. Specifically, we elected to use rolling individual
randomization; in other words, eligible individuals receive their
assignment immediately after baseline evaluation and are able to begin
with the next available class. We hope that this strategy will maximize
recruitment and retention as it eliminates the need to wait for a cohort to
form, and we believe that it is justifiable because of important differ-
ences between therapy and exercise classes. There is no inherent order to
the classes. The asana practice is the same each time to develop famil-
iarity with basic yoga poses and body positioning. Teachers offer sug-
gestions about the mental focus of the class (e.g., setting an intention,
focusing attention, letting go of judgment), but these are “stand alone”
as opposed to building on the prior week. Further, group discussion is
minimal - like any community-based exercise class — so we are not
concerned about fostering relationships among members.

A second difference from psychotherapy studies is our dissemination
plan. Although Connected Warriors has a large national presence, we
recognize that Veterans have multiple ways to access yoga, e.g., within
VA facilities, in the community, online. It would be unrealistic to think
that we could disseminate a particular practice or even assure that
trauma-focused principles are followed in any class a Veteran might
attend. Rather, our goal is to use what we learn to teach Veterans with
PTSD how to become good consumers of yoga. One implication of this is
that Veterans learn to attend to their internal experience and to have the
knowledge and confidence to adapt poses that are not serving them well
physically or emotionally. In doing this, it is important to differentiate
between avoidance (i.e., not doing something based on fear of unwanted
sensations that may arise) and self-care (i.e., preventing harm). Second,
if our hypotheses about mechanisms of change are supported, it may be
useful to develop PTSD practice guidelines to increase the likelihood of
certain types of experiences. For example, if attentional control appears
to have an important effect in mitigating PTSD, Veterans could be
instructed to emphasize focus on the breath and the drishti (gaze) during
yoga practice [67] or seek out poses that require heightened attention
(e.g., balancing). Additionally, the approach could be recommended for
Veterans with attention as a prominent clinical complaint. Similarly, if
we find that affective reactivity and emotion regulation are mediators of
the relationship between yoga and PTSD, we may guide Veterans to
increase nonjudgmental awareness of internal sensations (e.g., noticing
without judgment sensations that arise in different body parts during a
challenging posture) and nonreactivity to discomfort (e.g., recognizing
that one does not necessarily have to move if a posture is uncomfortable
but not painful) during the yoga practice [67]. Mindfulness, which
similarly involves an attitude of nonjudgment and nonreactivity, has
been shown to impact emotion regulation strategies such as rumination
and distraction [76] and may contribute to distress tolerance [77]. .
Finally, practice characteristics could be modified to enhance beneficial
physiological changes. Higher intensity movement and slow, rhythmic
breathing may increase parasympathetic activity [67] and specific poses
(e.g., inversions [65]; may foster these changes as well.

The COVID-19 pandemic provided an interesting opportunity for this
trial. We did not originally plan to evaluate a distance modality but
being able to offer yoga during social distancing mandates seemed like
an important contribution to our local community. Schulz-Heik et al.
[78] evaluated the feasibility and acceptability of telehealth (n = 30) vs.
in-person (n = 29) participation in a clinical yoga program at a large VA
medical center; Veterans reported similar levels of treatment satisfaction
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and acceptability across modalities, and there were no differences across
groups in self-reported improvements in 16 physical and mental health
domains (e.g., anxiety, depression, intrusive memories, sleep problems).
Although we face the possibility that the data from those who partici-
pate remotely will not be combinable with data from in person delivery,
at a minimum we will be able to further contribute to our understanding
of the feasibility of utilizing online yoga as part of PTSD recovery, which
may be especially valuable for rural Veterans or those for whom
attending classes is logistically difficult.

Yoga is a highly popular practice, which is increasingly being
leveraged as a part of Veterans’ PTSD recovery programs. Although
initial evidence suggests the usefulness of this strategy, the increasing
number of people practicing yoga [6] adds urgency to understanding its
efficacy for clinical applications for Veterans, including whether it can
be differentiated from other types of exercise, and understand its
mechanisms of action. Such information is critical if we are to find ways
to replicably deliver yoga to Veterans for symptom management and
understand who may confer most benefit from these types of in-
terventions. By focusing on key mechanistic variables that are linked to
the development and maintenance of PTSD and are impacted by yoga,
we believe that we will be able to identify pathways to change. This
information, in turn, can be used to optimize practice and create de-
livery guidelines. This study emphasizes cognitive mechanisms that
drive mind-body interventions; future research should integrate this
perspective with other potential pathways, including spirituality,
behavior, physiology (e.g., HPA axis functioning), biology (e.g., GABA
levels, immune functioning, epigenetics), and brain functioning and
connectivity.

Declaration of competing interest
None.
Acknowledgements

We thank the following individuals for their contributions to this
project: Nicole Denham, Ariel Looper, Sandy Phetsany and Eric Groessl,
PhD.

Abbreviations

ANT Attentional Network Task

AUDIT-C Alcohol Use Disorders Identification Test

BEAQ Brief Experiential Avoidance Questionnaire

CAIR Complementary Alternative and Integrative Research
CAPS-5 Clinician Administered PTSD Scale for DSM-5
COVID-19 Coronavirus Disease 2019

DSM-IV  Diagnostic and Statistical Manual of Mental Disorders
ECG Electrocardiogram

ERQ Emotion Regulation Questionnaire

eStroop Emotional Stroop task

ETRIP Emory Treatment Resistance Interview for PTSD
CSR&D VA Clinical Science Research and Development
DTS Distress Tolerance Scale

HF high frequency

HRV heart rate variability

IRB Institutional Review Board

ISI Insomnia Severity Index

LEC Life Events Checklist

LF low frequency

MINI Mini International Neuropsychiatric Interview
MoCA  Montreal Cognitive Assessment

PASAT  Paced Auditory Serial Addition Task

PCL-5 PTSD Checklist for DSM-5

PHQ-9 Patient Health Questionnaire

PMS Philadelphia Mindfulness Scale



A.J. Lang et al.

PTSD Post-Traumatic Stress Disorder

RCT Randomized Control Trial

RTSQ Ruminative Thought Style Questionnaire
RYT Registered Yoga Teacher

SDS Sheehan Disability Scale

STAI State-Trait Anxiety Inventory

STAXI-II State-Trait Anger Expression Inventory — II

Us United States
VA Veterans Affairs
Funding

This research is supported by VA Merit Award (5 I01 CX001647-03).
The funding source had no involvement in the study design or the
decision to submit this report for publication.

Disclaimer

The views expressed in this article are solely those of the authors and
not reflect an endorsement by or the views of the Department of Vet-
erans Affairs or the U.S. Government.

References

[1] VA/DOD Clinical Practice Guideline for the Management of Posttraumatic Stress
Disorder and Acute Stress Disorder. https://www.healthquality.va.gov/guidelines
/MH/ptsd/VADoDPTSDCPGFinal012418.pdf, 2017.

[2] M.M. Steenkamp, B.T. Litz, C.W. Hoge, et al., Psychotherapy for military-related
PTSD: a review of randomized clinical trials, J. Am. Med. Assoc. 314 (2015)
489-500, https://doi.org/10.1001/jama.2015.8370.

[3] T.C. Clarke, L.I. Black, B.J. Stussman, P.M. Barnes, R.L. Nahin, in: Trends in the Use
of Complementary Health Approaches Among Adults: United States, 2002-2012,
vol. 79, National Health Statistics Report, 2015, pp. 1-16.

[4] D.J. Libby, C.E. Pilver, R. Desai, Complementary and alternative medicine in VA
specialized PTSD treatment programs, Psychiatr. Serv. 63 (2012) 1134-1136,
https://doi.org/10.1176/appi.ps.201100456.

[5] J.L. Strauss, A.J. Lang, P.P. Schnurr, Complementary and Alternative Medicine
(CAM) for PTSD, National Center for PTSD, 2016. https://www.ptsd.va.gov/pr
ofessional/treat/txessentials/complementary_alternative_for_ptsd.asp.

[6] National Center for Complementary, Integrative Health, More Adults and Children
Are Using and Meditation, 2018, Nov. https://www.nccih.nih.gov/news/press-rele
ases/more-adults-and-children-are-using-yoga-and-meditation.

[7] A.J. Lang, B. Niles, Complementary , alternative and integrative interventions, in:
D. Forbes, J.I. Bisson, C.M. Monson, L. Berliner (Eds.), Effective Treatments for
PTSD, third ed., Guilford Press, New York, NY, 2020.

[8] H. Cramer, D. Anheyer, F.J. Sah, G. Dobos, Yoga for posttraumatic stress disorder —
a systematic review and meta analysis, BMC Psychiatr. 18 (2018) article 72.

[9] R.E. Cushing, K.L. Braun, S.W. Alden C-IAYT, A.R. Katz, Military-tailored yoga for
veterans with post-traumatic stress disorder, Mil. Med. 183 (2018) e223-e231,
https://doi.org/10.1093/milmed/usx071, 5-6.

[10] K.M. Reinhardt, J.J. Noggle Taylor, J. Johnston, A. Zameer, S. Cheema, S.B.

S. Khalsa, Kripalu yoga for military veterans with PTSD: a randomized trial, J. Clin.
Psychol. 74 (1) (2018) 93-108, https://doi.org/10.1002/jclp.22483.

[11] J.K. Staples, M.F. Hamilton, M. Uddo, A yoga program for the symptoms of post-
traumatic stress disorder in veterans, Mil. Med. 178 (8) (2013) 854-860, https://
doi.org/10.7205/MILMED-D-12-00536.

[12] L.W. Davis, A.A. Schmid, J.K. Daggy, Z. Yang, C.E. O’Connor, N. Schalk, A.L. Do,
D. Maric, D. Lazarick, H. Knock, Symptoms Improve after a Yoga Program
Designed for PTSD in a Randomized Controlled Trial with Veterans and Civilians.
Psychological Trauma: Theory, Research, Practice and Policy, Advance Online
Publication, 2020, https://doi.org/10.1037/tra0000564.

[13] R.L. Aupperle, A.J. Melrose, M.B. Stein, et al., Executive function and PTSD:
disengaging from trauma, Neuropharmacology 62 (2011) 686-697, https://doi.
org/10.1016/j.neuropharm.2011.02.008.

[14] E. Falconer, R. Bryant, K.L. Felmingham, A.H. Kemp, E. Gordon, A. Peduto,

G. Olivieri, L.M. Williams, The neural networks of inhibitory control in
posttraumatic stress disorder, J. Psychiatry Neurosci. 33 (2008) 413-422.

[15] S.L. Pineles, J.C. Shipherd, S.M. Mostoufi, S.M. Abramovitz, I. Yovel, Attentional
biases in PTSD: more evidence for interference, Behav. Res. Ther. 47 (2009)
1050-1057, https://doi.org/10.1016/j.brat.2009.08.001.

[16] J.J. Vasterling, K. Brailey, Neuropsychological findings in adults with PTSD, in: J.
J. Vasterling, C.R. Brewin (Eds.), Neuropsychology of PTSD: Biological, Cognitive,
and Clinical Perspectives, Guilford Press, New York, 2005, pp. 178-207.

[17] J. Bomyea, A.J. Lang, The role of executive functioning in PTSD and its treatment,
Curr. Psychiatr. Rev. 11 (2015) 160-171.

[18] A. Lutz, H.A. Slagter, J.D. Dunne, R.J. Davidson, Attention regulation and
monitoring in meditation, Trends Cognit. Sci. 12 (2008) 163-169, https://doi.org/
10.1016/j.tics.2008.01.005.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Contemporary Clinical Trials Communications 21 (2021) 100719

A. Moore, P. Malinowski, Meditation, mindfulness and cognitive flexibility,
Conscious. Cognit. 18 (2009) 176-186, https://doi.org/10.1016/j.
concog.2008.12.008.

A.V. Seligowski, D.J. Lee, J.R. Bardeen, H.K. Orcutt, Emotion regulation and
posttraumatic stress symptoms: a meta-analysis, Cognit. Behav. Ther. 44 (2015)
87-102, https://doi.org/10.1080,/16506073.2014.980753.

A.M. Dick, B.L. Niles, A.E. Street, D.M. DiMartino, K.S. Mitchell, Examining
mechanisms of change in a yoga intervention for women: the influence of
mindfulness, psychological flexibility, and emotion regulation on PTSD symptoms,
J. Clin. Psychol. 70 (2014) 1170-1182, https://doi.org/10.1002/jclp.22104.

C. Villemure, M. Ceko, V.A. Cotton, M.C. Bushnell, Insular cortex mediates
increased pain tolerance in yoga practitioners, Cerebr. Cortex 24 (2014)
2732-2740, https://doi.org/10.1093/cercor/bht124.

J. Medina, L. Hopkins, M. Powers, S.O. Baird, J. Smits, The effects of a hatha yoga
intervention on facets of distress tolerance, Cognit. Behav. Ther. 44 (2015)
288-300, https://doi.org/10.1080/16506073.2015.1028433.

A. Rhodes, J. Spinazzola, B. van der Kolk, Yoga for adult women with chronic
PTSD: a long-term follow-up study, J. Alternative Compl. Med. 22 (2016) 189-196,
https://doi.org/10.1089/acm.2014.0407.

D. Emerson, R. Sharma, S. Chaudhry, J. Turner, Trauma-sensitive yoga: principles,
practice, and research, Int. J. Yoga Ther. 19 (2009) 123-128, https://doi.org/
10.17761/ijyt.19.1.h6476p8084122160.

F.W. Weathers, D.D. Blake, P.P. Schnurr, D.G. Kaloupek, B.P. Marx, T.M. Keane,
The Clinician-Administered PTSD Scale for DSM-5 (CAPS-5), 2013. Retrieved from,
http://www.ptsd.va.gov.

D.V. Sheehan, Y. Lecrubier, K.H. Sheehan, P. Amorim, J. Janavs, E. Weiller,

T. Hergueta, R. Baker, G.C. Dunbar, The Mini-International Neuropsychiatric
Interview (M.LN.L): the development and validation of a structured diagnostic
psychiatric interview for DSM-IV and ICD-10, J. Clin. Psychiatr. 59 (suppl 20)
(1998) 22-33.

Z.S. Nasreddine, N.A. Phillips, V. Ba©dirian, S. Charbonneau, V. Whitehead,

1. Collin, J.L. Cummings, H. Chertkow, The Montreal Cognitive Assessment, MoCA:
a brief screening tool for mild cognitive impairment, J. Am. Geriatr. Soc. 53 (2005)
695-699, https://doi.org/10.1111/j.1532-5415.2005.53221.x.

J. Gierus, A. Mosiolek, T. Koweszko, P. Wnukiewicz, O. Kozyra, A. Szulc, The
Montreal Cognitive Assessment as a preliminary assessment tool in general
psychiatry: validity of MoCA in psychiatric patients, Gen. Hosp. Psychiatr. 37
(2015) 476-480, https://doi.org/10.1016/j.genhosppsych.2015.05.011.

B.W. Dunlop, J.L. Kaye, C. Youngner, B. Rothbaum, Assessing treatment-resistant
posttraumatic stress disorder: the emory treatment resistance interview for PTSD
(E-TRIP), Behav. Sci. 4 (2014) 511-527, https://doi.org/10.3390/bs4040511.

K. Kroenke, R.L. Spitzer, J.B.W. Williams, The PHQ-9: validity of a brief depression
severity measure, J. Gen. Intern. Med. 16 (2001) 606-613, https://doi.org/
10.1046/j.1525-1497.2001.016009606.x.

N. Titov, B.F. Dear, D. McMillan, T. Anderson, J. Zou, M. Sunderland, Psychometric
comparison of the PHQ-9 and BDI-II for measuring response during treatment for
depression, Cognit. Behav. Ther. 40 (2011) 126-136.

C. Spielberger, R. Gorsuch, P. Lushene, Manual for the State-Trait Anxiety
Inventory (Form Y), Consulting Psychologists Press, Inc, Palo Alto, CA, 1983.

J. Ortuno-Sierra, L. Garcia-Velasco, F. Inchausti, M. Debbane, E. Fonseca-Pedrero,
New approaches on the study of the psychometric properties of the STAI, Actas
Esp. Psiquiatr. 44 (2016) 83-92.

C.D. Spielberger, State-Trait Anger Expression Inventory: Revised Research
Edition: Professional Manual, Psychological Assessment Resources, Odessa, FL,
1991.

M. Lievaart, [.H.A. Franken, J.E. Hovens, Anger assessment in clinical and
nonclinical populations: further validation of the state-train anger expression
inventory-2, J. Clin. Psychol. 72 (2016) 263-278.

C.H. Bastien, A. Vallieres, C.M. Morin, Validation of the Insomnia Severity Index as
an outcome measure for insomnia research, Sleep Med. 2 (2001) 297-307, https://
doi.org/10.1016/51389-9457(00)00065-4.

A.A. Stone, J.E. Broderick, D.U. Junghaenel, S. Schneider, J.E. Schwartz, PROMIS
fatigue, pain intensity, pain interference, pain behavior, physical function,
depression, anxiety, and anger scales demonstrate ecological validity, J. Clin.
Epidemiol. 74 (2016) 194-206, https://doi.org/10.1016/j.jclinepi.2015.08.029.
R.L. Askew, K.F. Cook, D.A. Revicki, D. Cella, D. Amtmann, Evidence from diverse
clinical populations supported clinical validity of PROMIS pain interference and
pain behavior, J. Clin. Epidemiol. 73 (2016) 103-111.

D.V. Sheehan, K. Harnett-Sheehan, B.A. Raj, The measurement of disability, Int.
Clin. Psychopharmacol. 11 (Suppl. 3) (1996) 89-95, https://doi.org/10.1097/
00004850-199606003-00015.

AJ. Lang, P.P. Schnurr, S. Jain, F. He, R.D. Walser, E. Bolton, D.M. Benedek, S.
B. Norman, P. Sylvers, L. Flashman, J. Strauss, R. Raman, K.M. Chard, Randomized
controlled trial of acceptance and commitment therapy for distress and impairment
in OEF/OIF/OND veterans, Psychol. Trauma 9 (Suppl 1) (2016) 74-84, https://doi.
org/10.1037/tra0000127.

T.F. Babor, J.R. de la Fuente, J. Saunders, M. Grant, The Alcohol Use Disorders
Identification Test: Guidelines for Use in Primary Health Care, 2001. Geneva,
Switzerland.

L. Cardaciotto, J.D. Herbert, E.M. Forman, E. Moitra, V. Farrow, The assessment of
present-moment awareness and acceptance: the Philadelphia Mindfulness Scale,
Assessment 15 (2008) 204-223, https://doi.org/10.1177/1073191107311467.
J.M. Burg, J. Michalak, The healthy quality of mindful breathing: associations with
rumination and depression, Cognit. Ther. Res. 35 (2011) 179-185, https://doi.org/
10.1007/510608-010-9343-x.


https://www.healthquality.va.gov/guidelines/MH/ptsd/VADoDPTSDCPGFinal012418.pdf
https://www.healthquality.va.gov/guidelines/MH/ptsd/VADoDPTSDCPGFinal012418.pdf
https://doi.org/10.1001/jama.2015.8370
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref3
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref3
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref3
https://doi.org/10.1176/appi.ps.201100456
https://www.ptsd.va.gov/professional/treat/txessentials/complementary_alternative_for_ptsd.asp
https://www.ptsd.va.gov/professional/treat/txessentials/complementary_alternative_for_ptsd.asp
https://www.nccih.nih.gov/news/press-releases/more-adults-and-children-are-using-yoga-and-meditation
https://www.nccih.nih.gov/news/press-releases/more-adults-and-children-are-using-yoga-and-meditation
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref7
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref7
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref7
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref8
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref8
https://doi.org/10.1093/milmed/usx071
https://doi.org/10.1002/jclp.22483
https://doi.org/10.7205/MILMED-D-12-00536
https://doi.org/10.7205/MILMED-D-12-00536
https://doi.org/10.1037/tra0000564
https://doi.org/10.1016/j.neuropharm.2011.02.008
https://doi.org/10.1016/j.neuropharm.2011.02.008
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref14
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref14
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref14
https://doi.org/10.1016/j.brat.2009.08.001
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref16
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref16
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref16
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref17
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref17
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.concog.2008.12.008
https://doi.org/10.1016/j.concog.2008.12.008
https://doi.org/10.1080/16506073.2014.980753
https://doi.org/10.1002/jclp.22104
https://doi.org/10.1093/cercor/bht124
https://doi.org/10.1080/16506073.2015.1028433
https://doi.org/10.1089/acm.2014.0407
https://doi.org/10.17761/ijyt.19.1.h6476p8084l22160
https://doi.org/10.17761/ijyt.19.1.h6476p8084l22160
http://www.ptsd.va.gov
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref27
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref27
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref27
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref27
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref27
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/j.genhosppsych.2015.05.011
https://doi.org/10.3390/bs4040511
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref32
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref32
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref32
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref33
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref33
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref34
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref34
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref34
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref35
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref35
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref35
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref36
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref36
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref36
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1016/j.jclinepi.2015.08.029
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref39
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref39
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref39
https://doi.org/10.1097/00004850-199606003-00015
https://doi.org/10.1097/00004850-199606003-00015
https://doi.org/10.1037/tra0000127
https://doi.org/10.1037/tra0000127
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref42
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref42
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref42
https://doi.org/10.1177/1073191107311467
https://doi.org/10.1007/s10608-010-9343-x
https://doi.org/10.1007/s10608-010-9343-x

A.J. Lang et al.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

D. Wechsler, D.L. Coalson, S.E. Raiford, WAIS-IV: Wechsler Adult Intelligence
Scale, Pearson, San Antonio, TX, 2008.

D. Brunner, A. Abramovitch, J. Etherton, A yoga program for cognitive
enhancement, PloS One 12 (8) (2017), e0182366, https://doi.org/10.1371/
journal.pone.0182366.

T.W. Brearly, R.D. Shura, S.L. Martindale, R.A. Lazowski, D.D. Luxton, B.V. Shenal,
J.A. Rowland, Neuropsychological test administration by videoconference: a
systematic review and meta-analysis, Neuropsychol. Rev. 27 (2017) 174-186.

J. Fan, B.D. McCandliss, T. Sommer, A. Raz, M.I. Posner, Testing the efficiency and
independence of attentional networks, J. Cognit. Neurosci. 14 (2002) 340-347,
https://doi.org/10.1162/089892902317361886.

N.P. Gothe, A.F. Kramer, E. McAuley, Hatha yoga practice improves attention and
processing speed in older adults: results from an 8-week randomized controlled
trial, J. Alternative Compl. Med. 23 (2017) 35-40, https://doi.org/10.1089/
acm.2016.0185.

M.C. Diehr, R.K. Heaton, W. Miller, I. Grant, The paced auditory serial addition
task (PASAT): norms for age, education, and ethnicity, Assessment 4 (1998)
375-387, https://doi.org/10.1177/107319119800500407.

C.W. Lejuez, C.W. Kahler, R.A. Brown, A modified computer version of the Paced
Auditory Serial Addition Task (PASAT) as a laboratory-based stressor, Behav. Ther.
26 (2003) 290-293.

J.R. Stroop, Studies of interference in serial verbal reactions, J. Exp. Psychol. 18
(1935) 643-662 (Reprinted in 1992 in the Journal of Experimental Psychology:
General, 121, 15-23).

Y. Bar-Haim, D. Lamy, L. Pergamin, M.J. Bakermans-Kranenburg, M.H. van
1Jzendoorn, Threat-related attentional bias in anxious and non-anxious individuals:
a meta-analytic study, Psychol. Bull. 133 (2007) 1-24, https://doi.org/10.1037/
0033-2909.133.1.1.

T.C. Buckley, E.B. Blanchard, E.J. Hickling, Automatic and strategic processing of
threat stimuli: a comparison between PTSD, panic disorder, and non-anxiety
controls, Cognit. Ther. Res. 26 (2002) 97-115, https://doi.org/10.1023/A:
1013897805918.

M.W. Eysenck, N. Derakshan, R. Santos, M.G. Calvo, Anxiety and cognitive
performance: attentional control theory, Emotion 7 (2007) 336-353, https://doi.
org/10.1037/1528-3542.7.2.336.

B. Wyble, D. Sharma, H. Bowman, Strategic regulation of cognitive control by
emotional salience: a neural network model, Cognit. Emot. 22 (2008) 1019-1051,
https://doi.org/10.1080/02699930701597627.

J.K. Brinker, D.J. Dozois, Ruminative thought style and depressed mood, J. Clin.
Psychol. 65 (2009) 1-19, https://doi.org/10.1002/jclp.20542.

J.J. Gross, O.P. John, Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being, J. Pers. Soc. Psychol. 85
(2003) 348-362, https://doi.org/10.1037/0022-3514.85.2.348.

M. Wolgast, What does the Acceptance and Action Questionnaire (AAQ-II) really
measure? Behav. Ther. 45 (2014) 831-839, https://doi.org/10.1016/j.
beth.2014.07.002.

A.A. Vujanovic, A.S. Hart, C.M. Potter, E.C. Berenz, B. Niles, A. Bernstein, Main and
interactive effects of distress tolerance and negative affect intensity in relation to
PTSD Symptoms among trauma-exposed adults, J. Psychopathol. Behav. Assess. 35
(2013) 235-243, https://doi.org/10.1007/s10862-012-9325-2.

J.S. Simons, R.M. Gaher, The distress tolerance scale: development and validation
of a self-report measure, Motiv. Emot. 29 (2005) 83-102, https://doi.org/10.1007/
s11031-005-7955-3.

M.P. Tarvainen, J.P. Niskanen, J.A. Lipponen, P.O. Ranta-Aho, P.A. Karjalainen,
Kubios HRV-heart rate variability analysis software, Comput. Methods Progr.
Biomed. 113 (1) (2014) 210-220, https://doi.org/10.1016/j.cmpb.2013.07.024.
A.J. Shah, R. Lampert, J. Goldberg, E. Veledar, J.D. Bremner, V. Vaccarino,
Posttraumatic stress disorder and impaired autonomic modulation in male twins,
Biol. Psychiatr. 73 (2013) 1103-1110, https://doi.org/10.1016/j.
biopsych.2013.01.019.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[82]

Contemporary Clinical Trials Communications 21 (2021) 100719

R.P. Nolan, P. Jong, S.M. Barry-Bianchi, T.H. Tanaka, J.S. Floras, Effects of drug,
biobehavioral and exercise therapies on heart rate variability in coronary artery
disease: a systematic review, Eur. J. Cardiovasc. Prev. Rehabil. 15 (2008) 386-396,
https://doi.org/10.1097/HJR.0b013e3283030a97.

M.E. Papp, P. Lindfors, N. Storck, P.E. Waxndell, Increased heart rate variability
but no effect on blood pressure from 8 weeks of hatha yoga - a pilot study, BMC
Res. Notes 6 (2013) 59, https://doi.org/10.1186/1756-0500-6-59.

F.S. Routledge, T.S. Campbell, J.A. McFetridge-Durdle, S.L. Bacon, Improvements
in heart rate variability with exercise therapy, Can. J. Cardiol. 26 (2010) 303-312,
https://doi.org/10.1016,/50828-282X(10)70395-0.

L. Schmalzl, C. Powers, E. Henje Blom, Neurophysiological and neurocognitive
mechanisms underlying the effects of yoga-based practices: towards a
comprehensive theoretical framework, Front. Hum. Neurosci. 9 (2015) 235,
https://doi.org/10.3389/fnhum.2015.00235.

F.J. Huang, D.K. Chien, U.L. Chung, Effects of Hatha yoga on stress in middle-aged
women, J. Nurs. Res. 21 (2013) 59-66, https://doi.org/10.1097/
jnr.0b013e3182829d6d.

L. Brenner, Strength and Awareness in Action: A Feasibility Study of Yoga for Post-
acute TBI Headaches, Health Services Research and Development, May, 2019. htt
ps://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/vide
o_archive.cfm?SessionID=3630.

U.S. Department of Health and Human Services, Physical Activity Guidelines for
Americans, second ed., U.S. Department of Health and Human Services,
Washington, DC, 2018.

N.P. Gothe, E. McAuley, Yoga is as good as stretching-strengthening exercises in
improving functional fitness outcomes: results from a randomized controlled trial,
J. Gerontol.: Med. Sci. 71 (3) (2016) 406411, https://doi.org/10.1093/gerona/
glv127.

N.P. Gothe, A.F. Kramer, E. McAuley, The effects of an 8-week Hatha yoga
intervention on executive function in older adults, J. Gerontol.: Med. Sci. 69 (2014)
1109-1116, https://doi.org/10.1093/gerona/glu095.

S.Y. Wells, A.J. Lang, L. Schmalzl, E.J. Groessl, J.L. Strauss, Yoga as an intervention
for PTSD: a theoretical rationale and review of the literature, Curr. Treatment
Options Psychiatr. 3 (2016) 60-72, https://doi.org/10.1007/540501-016-0068-7.
R.J. Little, D.B. Rubin, Statistical Analysis with Missing Data, John Wiley and Sons,
New York, NY, 1987.

Y. Rosseel, Lavaan: an R package for structural equation modeling, J. Stat.
Software 48 (2) (2012) 1-36.

S. Jain, S.L. Shapiro, S. Swanick, S.C. Roesch, P.J. Mills, I. Bell, G.E. Schwartz,

A randomized controlled trial of mindfulness meditation versus relaxation training:
effects on distress, positive states of mind, rumination, and distraction, Ann. Behav.
Med. 33 (2007) 11-21, https://doi.org/10.1207/s15324796abm3301 2.

G. Feldman, E. Dunn, C. Stemke, K. Bell, J. Greeson, Mindfulness and rumination as
predictors of persistence with a distress tolerance task, Pers. Indiv. Differ. 56
(2014) 154-158, https://doi.org/10.1016/j.paid.2013.08.040.

R.J. Schulz-Heik, H. Meyer, L. Mahoney, M.V. Stanton, R.H. Cho, D.P. Moore-
Downing, T.J. Avery, L.C. Lazzeroni, J.M. Varni, L.M. Collery, P.J. Bayley, Results
from a clinical yoga program for veterans: yoga via telehealth provides comparable
satisfaction and health improvements to in-person yoga, BMC Compl. Alternative
Med. 17 (1) (2017) 198, https://doi.org/10.1186/5s12906-017-1705-4.

W. Gamez, M. Chmielewski, R. Kotov, C. Ruggero, N. Suzuki, D. Watson, The brief
experiential avoidance questionnaire: development and initial validation, Psychol.
Assess. 26 (2014) 35-45, https://doi.org/10.1037/a0034473.

National Center for PTSD (n.d.). PTSD Checklist for DSM-5 (PCL-5). National
Center for PTSD. https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd
-checklist.asp.

Yoga Alliance (n.d.). Registered Yoga Teachers (RYT 200). https://www.yo
gaalliance.org/Credentialing/For_Teachers/RYT_200.


http://refhub.elsevier.com/S2451-8654(21)00021-1/sref45
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref45
https://doi.org/10.1371/journal.pone.0182366
https://doi.org/10.1371/journal.pone.0182366
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref47
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref47
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref47
https://doi.org/10.1162/089892902317361886
https://doi.org/10.1089/acm.2016.0185
https://doi.org/10.1089/acm.2016.0185
https://doi.org/10.1177/107319119800500407
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref51
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref51
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref51
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref52
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref52
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref52
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1023/A:1013897805918
https://doi.org/10.1023/A:1013897805918
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.1080/02699930701597627
https://doi.org/10.1002/jclp.20542
https://doi.org/10.1037/0022-3514.85.2.348
https://doi.org/10.1016/j.beth.2014.07.002
https://doi.org/10.1016/j.beth.2014.07.002
https://doi.org/10.1007/s10862-012-9325-2
https://doi.org/10.1007/s11031-005-7955-3
https://doi.org/10.1007/s11031-005-7955-3
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1016/j.biopsych.2013.01.019
https://doi.org/10.1016/j.biopsych.2013.01.019
https://doi.org/10.1097/HJR.0b013e3283030a97
https://doi.org/10.1186/1756-0500-6-59
https://doi.org/10.1016/S0828-282X(10)70395-0
https://doi.org/10.3389/fnhum.2015.00235
https://doi.org/10.1097/jnr.0b013e3182829d6d
https://doi.org/10.1097/jnr.0b013e3182829d6d
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3630
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3630
https://www.hsrd.research.va.gov/for_researchers/cyber_seminars/archives/video_archive.cfm?SessionID=3630
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref70
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref70
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref70
https://doi.org/10.1093/gerona/glv127
https://doi.org/10.1093/gerona/glv127
https://doi.org/10.1093/gerona/glu095
https://doi.org/10.1007/s40501-016-0068-7
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref74
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref74
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref75
http://refhub.elsevier.com/S2451-8654(21)00021-1/sref75
https://doi.org/10.1207/s15324796abm3301_2
https://doi.org/10.1016/j.paid.2013.08.040
https://doi.org/10.1186/s12906-017-1705-4
https://doi.org/10.1037/a0034473
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
https://www.yogaalliance.org/Credentialing/For_Teachers/RYT_200
https://www.yogaalliance.org/Credentialing/For_Teachers/RYT_200

	A randomized controlled trial of yoga vs nonaerobic exercise for veterans with PTSD: Understanding efficacy, mechanisms of  ...
	1 Introduction
	2 Materials and methods
	2.1 Research design
	2.2 Participants
	2.3 Study procedures
	2.4 Measures
	2.4.1 Eligibility
	2.4.2 Primary outcome
	2.4.3 Secondary outcomes
	2.4.4 Safety measures
	2.4.5 Mechanistic Variables1: Attention Model (Fig. 1)
	2.4.6 Mechanistic Variables1: coping model (Fig. 2)
	2.4.7 Physiological Variables1
	2.4.8 Compliance

	2.5 Treatment conditions
	2.5.1 Hatha yoga
	2.5.2 Nonaerobic exercise
	2.5.3 Virtual classes
	2.5.4 Training and supervision of instructors

	2.6 Data analytic plan
	2.6.1 Sample size
	2.6.2 Clinical outcomes and baseline variables
	2.6.3 Multiple mediation models
	2.6.4 Intervention modality
	2.6.5 Missing assessments


	3 Discussion
	Declaration of competing interest
	Acknowledgements
	Abbreviations
	Funding
	Disclaimer
	References


