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Objectives: This randomized controlled trial of yoga for military veterans and active duty personnel
with posttraumatic stress disorder (PTSD) evaluated the efficacy of a 10-week yoga intervention on
PTSD. Method: Fifty-one participants were randomized into yoga or no-treatment assessment-only
control groups. Primary outcome measures included questionnaires and the Clinician Administered
PTSD Scale. Results: Both yoga (n = 9) and control (n = 6) participants showed significant decreases
in reexperiencing symptoms, with no significant between-group differences. Secondary within-group
analyses of a self-selected wait-list yoga group (n = 7) showed significant reductions in PTSD symptoms
after yoga participation, in contrast to their control group participation. Consistent with current literature
regarding high rates of PTSD treatment dropout for veterans, this study faced challenges retaining
participants across conditions. Conclusion: These results are consistent with recent literature
indicating that yoga may have potential as a PTSD therapy in a veteran or military population. However,
additional larger sample size trials are necessary to confirm this conclusion. C© 2017 Wiley Periodicals,
Inc. J. Clin. Psychol. 74:93–108, 2018.
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The lifetime prevalence of posttraumatic stress disorder (PTSD) in the United State’s general
population is estimated to be 6.8% (Kessler et al., 2005). Perhaps unsurprisingly, the prevalence
among military veterans is estimated to be much higher at 23% (Fulton et al., 2015; Magruder
et al., 2015; Street, Gradus, Giasson, Vogt, & Resick, 2013). Military veterans experience a high
rate of physical and psychological trauma including combat (Richardson, Frueh, & Acierno,
2010) and interpersonal conflicts, such as military sexual trauma (Surı́s & Lind, 2008). After these
and other traumatic events, some veterans meet diagnostic criteria for PTSD (Clancy et al., 2006;
Vasterling et al., 2010; American Psychiatric Association, 2013). Studies have demonstrated
that not all trauma survivors benefit from conventional psychotherapy (Schottenbauer, Glass,
Arnkoff, Tendick, & Gray, 2008) or medication (Hoskins et al., 2015). Hence, the scope of
available treatments needs to broaden for veterans diagnosed with PTSD.
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Yoga as an Intervention for PTSD: Research and Theoretical Mechanisms

Integrative therapies have recently received an increased amount of attention through clinical
practice and research (Polusny et al., 2015; Wynn, 2015; Strauss, Coeytaux, McDuffle, Nagi,
& Williams, 2011). A recent review of 16 studies suggested that mind–body practices (e.g.,
yoga, mindfulness-based stress reduction, deep breathing, meditation, Tai Chi, and Qigong) are
associated with decreases in trauma-related symptoms (especially intrusion and avoidance) and
emotion dysregulation (Kim, Schneider, Kravitz, Mermier, & Burge, 2013). These studies were
limited by small sample sizes, and some lacked randomized control comparison groups.

One of these mind–body interventions, yoga, is an ancient Eastern contemplative practice
conceptualized by many as a moving meditation. In the West, the most common, explicitly
taught yoga practices are breathing (pranayama), physical postures (asana), and meditation.
A meta-analysis investigated evidence for yoga as an adjunctive treatment for schizophrenia,
depression, anxiety, and PTSD (Cabral, Meyer & Ames, 2011). Results from 10 studies included
in Cabral and colleagues’ meta-analysis indicated that yoga had a statistically significant effect
on symptoms of mental illness, with a pooled effect size of –3.25, p = 0.002, 95% confidence
interval [CI] [–5.36, –1.14]. Suggestions included fewer, unwanted side effects from yoga relative
to pharmacotherapy, and that yoga may be effective for physical challenges that co-occur with
PTSD (Rosenbaum et al., 2015).

Telles, Singh, and Balkrishna (2012) reviewed 12 studies (seven RCTs) on yoga for PTSD and
associated symptoms (e.g., depression and anxiety), with results suggesting that yoga is helpful
for mitigating trauma-related symptoms. Researchers (Macy, Jones, Graham, & Roach, 2015;
Mitchell et al., 2014; Seppälä et al., 2014; van der Kolk et al., 2014; Jindani, Turner, & Khalsa,
2015; Quiñones, Maquet, Vélez, & López, 2015; Rhodes, Spinazzola, & van der Kolk, 2016) have
reported conflicting results of randomized controlled trials (RCTs) for yoga as a treatment for
PTSD. These mixed findings indicate a need for more research that addresses design limitations
of extant studies.

Telles et al. (2012) and Macy et al. (2015) outline limitations of studies included in their
reviews, and offer suggestions to enhance future research on yoga for PTSD. Telles et al. (2012)
note that RCTs were limited by being underpowered and using nonvalidated assessments. Macy
et al. (2015) suggest that researchers should use RCT designs (also noted in Metcalf et al.,
2016), use established and well-validated outcome measures, include effect sizes in their reported
statistics, and record the type of yoga that participants received and the yoga instructor’s level
of expertise. Both groups noted promising evidence supporting yoga as a treatment for trauma-
related mental health symptoms, yet acknowledged that limitations of existing research hamper
clear conclusions about yoga’s efficacy. Thus, researchers need to improve upon existing research
designs through implementing higher quality design RCTs, studying larger sample sizes, using
established outcome measures, and more closely documenting their yoga interventions and
interventionist qualifications.

Recent studies including veterans (Stankovic, 2011; Carter et al., 2013; Staples, Hamilton,
& Uddo, 2013; Mitchell et al., 2014; Johnston et al., 2015) suggested that yoga is feasible and
acceptable as a PTSD treatment for military veterans, although outcome results did not consis-
tently show significant changes in PTSD symptoms. Mitchell and colleagues (2014) found that
both civilian and veteran women randomized to yoga or assessment-only control groups experi-
enced significant reductions in reexperiencing symptoms. Yoga participants experienced greater
reductions in hyperarousal symptoms, and control participants experienced greater reductions
in anxiety symptoms. They concluded that yoga might be a helpful adjunctive treatment for
PTSD. Follow-up analyses (Reddy, Dick, Gerber, & Mitchell, 2014; Martin, Dick, Scioli-Salter,
& Mitchell, 2014) indicated that the yoga intervention may have led to decreased alcohol and
drug use and increased physical activity, although these changes were not significant similar to
primary PTSD outcomes.

In addition to reporting main effects of yoga on PTSD and trauma-related symptoms,
researchers have discussed potential mechanisms through which yoga practice may lead
to symptom reduction. These include improvements in self-regulation, including cognitive,
emotional, and behavioral regulation (Gard, Noggle, Park, Vago, & Wilson, 2014; Dick, Niles,
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Street, DiMartino, & Mitchell, 2014); interoceptive awareness (van der Kolk, 2006; van der
Kolk et al., 2014; Schmalzl, Crane-Godreau, & Payne, 2014); and stress physiology (Riley
& Park, 2015; Streeter, Gerbarg, Saper, Ciraulo, & Brown, 2012). Collectively through these
mechanisms, yoga may reduce PTSD symptoms by decreasing physical tension, increasing
relaxation, attenuating automatic thoughts (e.g., rumination) and behaviors (e.g., hyperarousal),
and enhancing awareness and attitudes characterized by nonjudgment (Johnston et al., 2015).
These changes may support trauma survivors’ symptom management and negotiation of
traumatic sequelae. Theoretical accounts and the few existing mechanistic investigations of yoga
suggest that it is a multifaceted practice working through several mediating and moderating
systems.

Immediately before the present study, we conducted a single-arm pilot study with a sample
of female and male military veterans (n = 12) and investigated the effects of a 20-session,
biweekly group yoga intervention on PTSD symptoms (Johnston et al., 2015). The results
showed clinically and statistically significant decreases in PTSD total symptoms (d = 0.77) on
the Clinician-Administered PTSD Scale (Blake et al., 2000) and specific significant decreases in
PTSD symptom subscales (Reexperiencing, d = 0.73; Avoidance, d = 0.57; and Hyperarousal,
d = 0.98). A research literature comparative benchmark analysis of eight RCTs of traditional
therapies for PTSD symptoms showed a treatment effect that was significantly lower than the
pooled effect size (d = 1.07). In contrast to studies with a wait-list (WL) control group, however,
this study’s effect size was significantly higher. Although findings from this study provided useful
effect sizes, both through the primary outcome results and benchmark analysis, the clinical trial
was limited by being nonrandomized and likely underpowered. Future studies ought to include
randomized control designs as well as both clinician-administered and self-report outcome
measures.

We designed the present study to build on the strengths and address the limitations of previous
research. Our design addressed the limitations of previous research as follows: The present study
used an RCT design, had a larger planned sample size, and employed well-validated clinician-
administered and self-report outcome measures. We planned to report effect sizes and report
the type of yoga we implemented and the level of experience of our interventionists. Last, to
enhance generalizability and ecological validity, we formed a collaboration with our local VA
Healthcare System, to recruit veterans through VA Hospitals and implement some yoga classes
there.

The primary objective of this RCT was to evaluate the efficacy of 10 weeks of yoga on PTSD
symptoms among a sample of military service members. We hypothesized that compared to
a no-treatment assessment-only control group, PTSD symptoms would improve after a yoga
intervention and that participants in the control group who self-select into subsequent yoga
treatment (WL yoga group) would also see significant improvement in PTSD symptoms.

Method

Participants

The Institutional Review Boards at Partners Healthcare/Brigham and Women’s Hospital, the
Department of Defense, and the VA Boston Healthcare System approved the study protocol.
Active duty military personnel and veterans (n = 379) were recruited in Boston through flyers
posted in neighborhoods and Boston VA Hospitals and advertisements on public transit and
Craigslist (Figure 1). Entry criteria were as follows: 18 years of age or older; PTSD diagnosis
(per Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders
[DSM-IV-TR] Axis I Disorders, clinical trials version (SCID-CT; First, Williams, Spitzer, &
Gibbon, 2007); no more than one hour of current weekly mind–body practice; and physical and
psychological capability to undergo the yoga intervention. Ongoing medication or psychother-
apy at enrollment was not exclusionary, and we requested notification of any changes to these
regimens. Out of the 379 people who were assessed via phone, 78% were ineligible for the follow-
ing reasons: not having a PTSD diagnosis (roughly 50%), having a current mind–body practice
(roughly 30%), and having non-veteran status (roughly 8%).
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Figure 1. CONSORT diagram.

Participants screened by phone (n = 81) were consented and research study staff confirmed
eligibility through conducting an in-person medical and personal history interview and the
SCID-CT (First et al., 2007). Following the interviews, 74 participants (female = 8.1%, mean
[M]age = 46.74, standard deviation [SD] = 13.58) were eligible for the study. It is notable that
only a small percentage of our participants were female, and that this is only slightly lower than
the overall percentage of women in active duty service (14%; Office of the Deputy Assistant
Secretary of Defense, 2014). Between the time that participants’ eligibility was determined and
randomization (1–3 months), 23 participants were not randomized for the following reasons:
participants were lost to follow-up (n = 16) and participants withdrew (n = 7). Participant’s
reasons for withdrawing are as follows: schedule conflicts (n = 4), long-term hospitalization
(n = 1), stressful family life (n = 1), and anticipating that the study would be too triggering of
their PTSD symptoms (n = 1).
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Table 1
Demographic Characteristics of Randomized Participants

Characteristics
Yoga group

(n = 26)
Wait-list yoga
group (n = 13)

Control group
(n = 12)

Age M = 44.12 M = 56.15 M = 46.58
(SD = 13.97) (SD = 11.39) (SD = 12.66)

Sex
Male 24 11 10
Female 2 2 2

Race
White/Caucasian 16 7 9
Black/African American 6 2 2
Asian American 1 0 0
Mixed/other 1 2 0
Not reported 2 2 1

Ethnicity
Not Hispanic or Latino 17 10 9
Hispanic or Latino 2 1 1
Not reported 7 2 2

Completed 10 7 8
Withdrew 10 3 1
Lost to follow-up 6 3 3

Note. M = mean; SD = standard deviation. Wait-list yoga group participants who “completed” means that
they completed both the control and yoga group phases.

In Stage 1 (see Figure 1), we randomly assigned a total of 51 participants (female = 11.8%,
Mage = 47.76, SD = 13.77; Table 1) into one of the two study conditions: the intervention
condition (yoga group) or the assessment-only control condition (control group). After
participants completed baseline assessments, Author J. J. Noggle Taylor conducted a simple
random assignment via a web-based random sampling service (www.randomizer.org; Urbaniak
& Plous, 2015). Once we consented the minimum number of participants, we initiated baseline
assessments and randomization to initiate a cohort. We determined a priori that a cohort
would comprise at least 12 eligible participants, six participants in each group. Following
randomization, participants were not blind to their group assignment. In the control group,
some participants (n = 8) did not elect to participate in a subsequent yoga intervention.
Other participants in the control group (n = 13) chose to complete the assessment period, the
long-term follow-up, and then participate in the yoga intervention (WL yoga group). Of these
participants, seven completed the yoga intervention, while three were lost to follow-up and three
withdrew.

We gave control group participants the following participation options: complete outcome
measures only during Stage 1 of study (compensation = $260); complete outcome measures
during Stage 1 and then participate in the subsequent WL yoga group during Stage 2 (completing
no additional outcome measures; compensation = $260); or complete outcome measures during
Stage 1, participate in the subsequent WL yoga group during Stage 2, and complete outcome
measures during Stage 2 (compensation = $335). The intent for our initial Stage 1 timeline
was as follows: initial baseline assessments and randomization (2 weeks); yoga intervention (10
weeks); and 12 weeks of no contact, at the end of which participants would complete a battery
of long term follow-up measures. We had intended this to take a total of 24 weeks in total, but
because of recruitment challenges, the initial planned 2-week baseline and randomization period
took anywhere from 4 to 12 weeks. Thus, the Stage 1 duration was between 26 and 34 weeks.
In implementation, the Stage 2 timeline remained at 10 weeks (see Figure 1). Compensation for
the yoga participants was up to $300 for attending the yoga classes and completing the outcome
measures.
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Materials and Procedures

Clinician-Administered PTSD Scale (Blake et al., 2000; CAPS). The CAPS is a
30-item semistructured interview to diagnose PTSD. Subscales confirm criteria of (a) trauma
and (b) PTSD symptoms of intrusion, (c) avoidance, and (d) hyperarousal. Participants are
asked about duration of symptoms, impact on social and occupational functioning, global
severity, and validity. Interviewers rate participant’s answers to individual questions on separate
frequency and intensity scales (range = 0-4) and document symptoms experienced in the past
week or month. For this study, two assessors (a female doctoral-level psychologist and a male
psychiatry resident) conducted all CAPS interviews. They were both blinded to participant
treatment condition. Symptom subscales have excellent inter-rater reliability for frequency and
severity (r > .92) and good internal consistency (alpha = .87; Cicchetti, Fontana, & Showalter,
2009). Data from the CAPS were collected at pre and post.

PTSD Checklist (PCL; Weathers, Litz, Herman, Huska, & Keane, 1994). We used
two versions of this survey: PCL-Military (PCL-M) and PCL-Civilian (PCL-C). The former
assesses symptoms related to traumatic military experiences, while the latter assesses symptoms
related to general trauma. These 17-item self-report questionnaires assess PTSD symptoms
consistent with DSM-IV-TR diagnostic criteria. Participants rated bothersomeness in the past
month on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). Psychometric research
has demonstrated strong internal consistency (alpha > 0.75; Wilkins, Lang, & Norman, 2011),
reliability (r > 0.70; Weathers et al., 1993; Campbell et al., 1999), and strong convergent validity
(kappa > 0.79; Keen, Kutter, Niles, & Krinsley, 2008). Data from the PCL were collected at pre,
mid, and post.

Impact of Events Scale-Revised (IES-R; Weiss & Marmar, 1997). This 22-item self-
report measure assesses distress precipitated by traumatic events. Participants responded to 14
items that directly corresponded to DSM-IV PTSD symptoms. Participants identified a stressful
life event and then rated how “distressed or bothered” they were by it in the past 7 days on a
5-point Likert scale ranging from 0 (not at all) to 4 (extremely). Scoring is by total mean (range =
0-4) and subscale means for intrusion, avoidance, and hyperarousal. Among Vietnam veterans,
data showed excellent internal consistency overall (alpha = 0.96) as well as for intrusion (alpha =
0.94), avoidance (alpha = 0.87), and hyperarousal (alpha = 0.91; Creamer, Bell, & Failla, 2003).
Data from non-veteran trauma survivors suggest high reliability (Weiss & Marmar, 1997). Data
were collected at pre, mid, and post.

Yoga Intervention (Yoga Group and WL Yoga Group)

The yoga intervention was identical to our pilot study (Johnston et al., 2015). Per Kripalu
Yoga Teachers’ Association and Yoga Alliance standards, all instructors (two female including
author J. Johnston, and one male) had advanced training in Kripalu Yoga, which combines
physical postures, breathing, and meditation, emphasizing moving meditation. Twice weekly
90-minute group yoga sessions over 10 consecutive weeks each included a brief check-in, cen-
tering and breathing exercises, 10–15 minutes of body warm-ups, 50–55 minutes of physical
poses, breath work, and moving meditation, followed by 5–10 minutes of relaxation. Discussion
themes were as follows: balancing the sleep-wake system; increasing flexibility and strength;
reducing stress; developing a responsive (versus reactive or avoidant) relationship with the self,
others, and environment; and developing mindful awareness throughout practice. Participants
were also asked to practice yoga outside of class daily for 15-minutes with a provided audio
recording.

Control Condition (Control Group)

Participants randomized into the no-treatment assessment-only control group were asked
to complete all outcome measures as a group (excluding the CAPS interviews, which were
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conducted individually for all participants). They were also offered the opportunity to be in the
subsequent WL yoga group to participate in the yoga intervention after completing the 10-week
assessment period and long-term follow-up.

Statistical Analysis and Data Collection

Since attrition varied between groups, completer analysis of baseline differences in the pri-
mary outcome (CAPS) were evaluated using a two-way analysis of variance (ANOVA) of
completer status, group assignment, and interaction between the two. Changes were as-
sessed for completers using within-subjects repeated measures analysis of variance (RM-
ANOVA), including a between-subjects factor. The between-subjects model factor was group
and within-subjects factors were time (pre and post) and interaction of group by time.
Tukey’s HSD post hoc tests were conducted as warranted at baseline, midtreatment, and
posttreatment.

There may be inherent differences between those who do and do not self-select into a treat-
ment. For example, those who self-select may experience worse symptoms than those who do not.
WL yoga group self-selectors were control participants who decided to participate in the yoga
intervention, whereas non-self-selectors decided to terminate their involvement in the study after
their control group participation. To assess for differences between these two groups, they were
compared using RM-ANOVA with a between-subjects factor of self-selection status and within-
subjects factors of time (pre and post) and group by time interaction. The rationale for this
comparison was to determine any differences in PTSD symptoms between groups. For example,
perhaps self-selectors had less improvement, worsening symptoms, or overall greater symptom
severity during the control condition (thus greater therapeutic need) than non-self-selectors when
deciding whether or not to participate in the intervention. To evaluate longitudinal changes for
the self-selecting WL yoga group, a RM-ANOVA over time (pre-, post-, and post-yoga) was also
conducted.

Statistical significance was alpha = 0.05. Effect sizes used η2 with Cohen’s (1988) ranges of
small � 0.01, medium � 0.06, and large � 0.14. Data were collected at three hospitals within
the Boston-area (preliminary, midpoint, post-, and postyoga data for some cohorts, all CAPS
interviews) and at one Boston area yoga studio (mid-point, post-, and post-yoga data for some
cohorts).

Results

Yoga Group in Comparison to Assessment-Only Control Group Analyses

Clinician-reported PTSD symptoms. At baseline, participants in the yoga and control
groups met diagnostic criteria for PTSD with average scores in the severe range (Weathers,
Keane, & Davidson, 2001; Table 2 ). Following the 10-week intervention period, yoga group
participants’ PTSD symptom levels dropped into the moderate PTSD/threshold range (CAPS
moderate range 40–59; Weathers et al., 2001) for the past week (MPastWeek = 58.22) but not for
the past month (MPastWeek = 63.56; Table 2). Participants in the control group remained in the
severe PTSD symptom range (Table 2). For participants in the yoga group, there was a reduction
in total CAPS scores by week (Mdifference = 12.11) and month (Mdifference = 9.77). Participants
in the control group also demonstrated total CAPS reductions by week (Mdifference = 6.16) and
month (Mdifference = 1.34; Table 2).

A two-way ANOVA comparing baseline differences in CAPS by completer status, group,
and interaction showed no statistically significant differences in the overall model for any base-
line CAPS outcomes (past-week lowest p = 0.14 [avoidance] and past-month lowest p = 0.18
[avoidance]). A RM-ANOVA compared the effect of group (yoga or control) on PTSD symp-
toms (measured by the CAPS) over time. The assumption of sphericity was not violated for
any CAPS outcomes and thus no corrections were applied. Overall, both the yoga and control
groups showed reductions in CAPS total and subscale scores (one significant reduction over
time with the rest trends), which resulted in nonsignificant comparisons by group. There were
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no significant between-group differences on total PTSD symptoms, as measured by the CAPS
past-week or past-month. There were nonsignificant trends with small effect sizes in pre- to
postdifferences between groups for past-week hyperarousal symptoms and for past-week and
past-month avoidance symptoms (Table 2).

Given these null results between groups with small effect sizes, post hoc power analyses
were conducted using G*Power version 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007). For
α = 0.05, N = 31 and Cohen’s f = 0.1768 (past-week total CAPS), power = 0.16. For comparison,
to achieve power = 0.80 at α = 0.05 for the same Cohen’s f, the sample size would have to be
N = 256. Over time, most results demonstrated small effect sizes that were nonsignificant in
the RM-ANOVA. The only analysis by time that showed significant reductions was CAPS
reexperiencing symptoms (past-week): both the yoga (Mdifference = −5.33) and control groups
(Mdifference = −5.17) improved, F(1,13) = 6.66, p = 0.02, with a medium effect size (η2 = 0.10).
Analyses did not show any significant group by time interactions. See Table 2 for full results and
statistics.

Self-reported PTSD symptoms. A paired t-test demonstrated that there were no signif-
icant differences between PCL-M and PCL-C scores for data from eight participants in both
groups across three time points (t(23) = 1.12, p = 0.27) and the means were highly correlated
(r = 0.87). Thus, we will only report results from the PCL-M. For the PCL-M, self-reported
PTSD symptoms were reduced in the yoga group (Mdifference = –8.5), while symptoms increased
marginally in the control group (Mdifference = 1; Table 3). Results from a RM-ANOVA did not
demonstrate significant differences for between- or within-subjects factors. Analyses revealed a
large effect size (η2 = 0.14), suggesting an improvement in the yoga but not in the control group
(Table 3). For the IES, RM-ANOVA analyses revealed no significant differences on between- or
within-subjects factors, but did show small to medium effect sizes in favor of the yoga group
(Table 3). Because of small sample sizes, results for PCL-M and IES should be interpreted with
caution.

WL Yoga Group Analyses

We tested for differences between Time 1 and Time 2 (pre = Time 1 and post = Time 2) for WL
yoga group self-selectors versus non-self-selectors (Figure 1). RM-ANOVA analyses revealed
no statistically significant differences between self-selectors and non-self-selectors for all CAPS
outcomes (past-month lowest p = 0.60 [reexperiencing]). For self-selectors, we evaluated PTSD-
outcome data across time for Stage 1 (pre = Time 1 and post = Time 2) and Stage 2 of the
WL yoga group participation (Time 1, Time 2 and post-yoga = Time 3). See Figure 1. For the
CAPS past-week, within-subjects RM-ANOVA analyses did not demonstrate any significant
differences between participants’ control group and WL yoga group phases but medium to large
effect sizes were observed (Table 4 ).

For CAPS past-month, within-subjects RM-ANOVAs revealed significant differences for
total, F(2,5) = 6.47, p = 0.02, and reexperiencing, F(2,5) = 8.25, p = 0.01, symptoms. No
significant differences were observed for avoidance, F(2,5) = 3.40, p = 0.09, or hyperarousal
symptoms, F(2,5) = 2.09, p = 0.19. For CAPS total symptoms, post hoc Tukey’s pairwise com-
parisons showed no significant differences between Time 1 and Time 2 assessments (Mdifference =
−2.50) t(29) = −0.35, p = 0.94, but there were significant differences between Time 1 and Time 3
(Mdifference = −23.5) t(29) = −3.27, p = 0.02, and between Time 2 and Time 3 (Mdifference =
−21.00) t(29) = −2.93, p = −2.93. For reexperiencing symptoms, post hoc Tukey’s contrasts
showed no significant differences between Time 1 and Time 2 (Mdifference = −3.83) t(29) =
−1.57, p = 0.30, or Time 2 and Time 3 (Mdifference = −6.00) t(29) = −2.46, p = 0.08 (Table 4),
but there was a significant difference between Time 1 and Time 3 (Mdifference = −9.83) t(29) =
−4.03, p = 0.01. Results from the PCL-M did not demonstrate significant differences across
time but they did demonstrate a large effect size (η2 = 0.51). Similarly, no significant differ-
ences across time were observed for IES total or IES subscales and large effect sizes were
observed.
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Table 4
CAPS Past Week and Past Month, Descriptive Statistics, and RM-ANOVA—Wait-list Yoga
Group

Wait-list yoga group (n = 7)

Time 1 Time 2 Time 3 RM-ANOVA – Time

Mean (SD) F p η2

CAPS Past week Total 67.17 62.83 43.83 F2,5 = 3.96 0.07 0.16**

(9.58) (18.70) (21.40)
Reexperiencing 18.00 13.00 7.83 F2,5 = 5.03 0.06 0.15**

(8.65) (9.47) (8.13)
Avoidance 27.00 25.33 7.83 F2,5 = 2.35 0.16 0.10*

(1.79) (11.22) (8.13)
Hyperarousal 22.17 24.50 18.33 F2,5 = 1.31 0.30 0.08*

(6.94) (7.82) (7.78)
CAPS Past month Total 71.00 68.50 47.50 F2,5 = 6.47 0.02*** 0.17**

(6.90) (14.72) (19.87)
Reexperiencing 21.83 18.00 12.00 F2,5 = 8.25 0.01*** 0.16**

(6.05) (7.71) (8.27)
Avoidance 27.00 26.00 17.17 F2,5 = 3.40 0.09 0.10*

(1.79) (9.17) (9.70)
Hyperarousal 22.17 24.50 18.33 F2,5 = 2.09 0.19 0.08*

(6.94) (7.06) (6.62)

Note. RM-ANOVA = repeated measures analysis of variance; CAPS = Clinician Administered PTSD Scale;
SD = Standard deviation; η2 = effect size.
*Small effect size. **Medium effect size. ***Significant at p < 0.05.

Treatment Dropout

Overall, 51% of participants (26 of 51 randomized to start treatment) either withdrew or were
lost to follow up across the entire study, including Stages 1 and 2. During Stage 1, the dropout
rate was 39% (20 of 51 participants randomized to start treatment). Over half of the yoga group
(62%) and nearly half of the WL yoga group (46%) dropped out of the study. In contrast,
dropout was less than one-quarter for the control group (16%). Comparing individual groups
(yoga, control, and WL yoga), a chi square test of independence between the yoga and WL yoga
group was not significant, X2 (2, n = 39) = 0.83, p < 0.05, suggesting similar dropout during
yoga treatments. A chi square test of independence between the yoga group and control group
was significant, X2 (2, n = 51) = 11.09, p < 0.05, and a chi square test between the WL yoga
and control group was also significant, X2 (2, n = 38) = 4.01, p < 0.05. Thus, dropout was
significantly lower in the control group compared to the yoga groups.

Discussion

Overall, results did not support our primary hypothesis that compared to controls, veterans
participating in yoga would experience greater PTSD symptom reductions. CAPS analyses
did not show significant between-group differences but showed small effect sizes, indicating
within-group decreases for yoga but not controls. Because we wish to be conservative in our
interpretations and considering that there are different thresholds for clinical significance in the
field (e.g., Schnurr et al., 2003; Weathers et al., 2001), yoga group participants may or may not
have experienced clinically significant symptom reductions, as indicated by a 10- or 15-point
drop in CAPS.

Similar to Mitchell et al. (2014), results showed significant decreases in past-week CAPS
reexperiencing and within-group medium effect sizes for both groups, which may be due to
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self-monitoring effects. Baseline mean PCL-M scores for the yoga group (M = 51) and control
group (M = 57) exceeded the cutoff score of 50 (Forbes et al., 2001), screening positive for
PTSD. After yoga, mean scores fell below this threshold for the yoga group (M = 43) but not
the control group (M = 58). Despite no significant between-group differences in PCL-M or
IES, they had medium to large effects in the yoga group, which could suggest PTSD symptom
reduction. However, high dropout rates and lack of immunity against Type II error due to small
sample size requires cautious interpretation.

Results supported the second hypothesis that veterans in the WL yoga group would see
improvement in PTSD symptoms after yoga participation. In contrast to the WL yoga group’s
symptoms during the control group phase, after yoga participation they had significant decreases
in past-month CAPS total and reexperiencing. Self-report results also indicated significant de-
creases in PTSD symptoms after yoga participation in the WL yoga group, although a conclusion
of efficacy here must be tempered by small sample sizes.

There are several possible explanations why WL yoga self-selector’s PTSD symptoms im-
proved more than the randomized yoga group’s PTSD symptoms. First, WL analyses even for
the significant results were likely underpowered leading to statistical anomaly. Second, par-
ticipants could have been influenced by demand characteristics, which suggest that when a
participant knows a study’s purpose, their results are influenced in the direction of study predic-
tions. During their control group participation (Stage 1; Figure 1), WL self-selectors may have
gleaned this study’s purpose, which may have influenced their results during the intervention in
Stage 2, such that their PTSD symptoms decreased.

Third, participating in Stage 1 itself affected the WL group self-selectors. Stage 1 was some-
what analogous to a run-in period to screen for compliance. Yet run-in periods may inflate
or weaken results in clinical trials, decreasing generalizability (Pablos-Méndez, Barr, & Shea,
1998). Similar to a run-in period, self-selectors within the WL may have had higher motivation
than non-self-selectors. It is likely that results from the primary analysis are more representative
and thus more generalizable to the veteran population diagnosed with PTSD. Therefore, an
interpretation of these results is that yoga might be especially beneficial for veterans who are
highly motivated to practice it.

The power of motivation may be important to further explore. We found that self-selectors
did not have more severe PTSD symptoms than non-self-selectors, so symptom severity was
apparently not a motivator. While not measured in this study, one difference between the self-
selection and randomized groups may have been intention or interest in yoga as part of a larger
psychosocial context of the intervention (Gard et al., 2014). Intention could be an important
variable for interventions such as yoga requiring sizeable time commitment and requesting
behavior changes. Future controlled trials may need to not only measure but also account for
intention in randomization procedures.

Limitations and Strengths

Although we successfully recruited veterans with PTSD (Figure 1), dropout was higher in the
yoga groups relative to the control group. This study’s dropout is on the high end of ranges in
published studies: 7% and 32% for yoga treatment studies; 0 to 54% for traditional psychother-
apies; and 68% for cognitive behavioral therapy (van der Kolk et al., 2014; Mitchell et al., 2014;
Garcia, Kelley, Rentz, & Lee, 2011; Gutner, Gallagher, Baker, Sloan, & Resick, 2015; Hembree
et al., 2003; Schottenbauer et al., 2008). Reasons for this may be because of the substantial
time commitment for the yoga intervention, perceived heightened anxiety or triggers through
enhanced mind–body awareness or interoception, and the use of a group yoga intervention
format. Recruitment in this study was slow, and participant and yoga room scheduling conflicts
were frequent. Future research might use individual sessions instead of group classes to possibly
increase retention and allow individual modifications to the manualized intervention, or future
research could use rolling admission (Mitchell et al., 2014). Yoga participant retention may also
be enhanced by increasing engagement (Hoge et al., 2014) through the use of motivational in-
terviewing strategies (Hettema, Steele, & Miller, 2005) to increase veterans’ readiness for change
and treatment adherence (Jackupack et al., 2013).
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Logistical challenges of conducting a yoga intervention study included limited yoga class
venues, which may have been mitigated with a rolling entry design with a consistent yoga class
location and time. Another alternative to our design or a rolling entry design would be integrating
yoga into one-on-one office visits with trained providers (e.g., primary care providers and/or
mental health professionals), which may increase retention and allow individual modifications
to the manualized intervention. For example, coordination with PTSD or mental health clinics
in the Veterans Health Administration (VHA) may allow mental health providers to support
engagement in the yoga program and thus enhance participation. In addition, this study had
other design-related limitations: self-selection bias (all participants were knowledgeable of study
purpose and intervention upon recruitment, and control participants had the choice to opt into
the WL condition), lack of active control group, and use of completer versus intention-to-treat
analysis.

Study strengths include recruitment and intervention locations and inclusion of female and
male participants, which may have increased external validity. Because this study included
recruitment and yoga classes at both VHA and non-VHA sites and some veterans are not treated
at VHA facilities, the sample may be more representative than other yoga studies exclusively
conducted at the VHA. On the other hand, some veterans like to go to VHA sites and feel
comfortable going there often. Even though our design may have increased external validity, we
may have had difficulty retaining clients because some of the classes were at non-VHA sites.

Conclusion

Additional treatment options for veterans with PTSD are needed, and yoga has been proposed as
an adjunctive intervention with limited support from preliminary studies. Results from this first
RCT of yoga for female and male veterans with PTSD are consistent with an existing RCT limited
to women (Mitchell et al., 2014). Data from clinician interviews and self-report surveys indicated
that participants in both yoga and control groups experienced reductions in PTSD symptoms.
Furthermore, data from WL yoga self-selectors offered some support for yoga decreasing PTSD
symptoms, although the sample size was too small for conclusive interpretations. Consistent
with current literature regarding high rates of dropout for veterans in PTSD treatment, this
study faced challenges retaining veterans in treatment.
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