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Abstract
Obijective To systematically review outcomes from randomized con-
trolled trials (RCTs) of mind-body treatments for PTSD.

Methods Inclusion criteria based on guidelines for assessing risk of
bias were used to evaluate articles identified through electronic lit-
erature searches.

Results Twenty-two RCTs met inclusion standards. In most of the
nine mindfulness and six yoga studies, significant between-group
effects were found indicating moderate to large effect size advan-
tages for these treatments. In all seven relaxation RCT's, relaxation
was used as a control condition and five studies reported signifi-
cant between-group differences on relevant PTSD outcomes in favor
of the target treatments. However, there were large within-group
symptom improvements in the relaxation condition for the majority

of studies.

Conclusions Although many studies are limited by methodologic
weaknesses, recent studies have increased rigor and, in aggregate,
the results for mindfulness, yoga, and relaxation are promising. Rec-

ommendations for design of future mind-body trials are offered.
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Interest in alternatives to conventional medical approaches for psychological and physical maladies has been grow-
ing rapidly in recent years. Complementary and integrative (Cl) interventions, defined as a set of diverse practices
that are not considered a part of conventional medicine (National Center for Complementary and Integrative Health,

2015), may be used in conjunction with or instead of conventional treatment. Furthermore, over one third of U.S. adults
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use some form of Cl therapy and “mind-body” practices, including deep breathing exercises, meditation, and yoga, to
improve their health and wellbeing (Barnes, Bloom, & Nahin, 2008).

PTSD is a debilitating psychological disorder that affects 6% of U.S. adults in their lifetimes (Kessler, Chiu, Demler
& Walters, 2005). Within the Veterans Health Administration (VHA), PTSD is the third most prevalent psychiatric
diagnosis (Stecker, Fortney, Owen, McGovern, & Williams, 2010). Many individuals with PTSD do not seek conven-
tional mental health services due to stigma and accessibility (Hoge et al., 2004). Moreover, a substantial proportion
of those who do seek treatment do not experience relief (Steenkamp, Litz, Hoge, & Marmar, 2015). Empirically sup-
ported treatments for PTSD that direct individuals to recall traumatic events in a controlled fashion have been shown
to be clinically effective in ameliorating symptoms (Foa, Hembree, & Rothbaum, 2007; Resick, Monson, & Chard,
2007), but a high proportion of individuals with PTSD either drop out of these standard therapies or are not sub-
stantially helped by them (Niles et al., 2017; Schottenbauer, Glass, Arnkoff, Tendick, & Gray, 2008; Steenkamp et al.,
2015). Thus, other empirically supported treatments are needed to address PTSD symptoms for those who cannot or
choose not to engage in the treatments currently available and for those whose symptoms remain after completing
treatment.

Feasibility and acceptability of Cl interventions for PTSD symptoms have been established by multiple well-
conducted nonrandomized pilot studies over the past two decades (e.g., Carter & Byrne, 2004; Dutton, Bermudez,
Matas, Majid, & Myers, 2013; Gordon, Staples, Blyta, & Bytyqi, 2004; Kimbrough, Magyari, Langenberg, Chesney, &
Berman, 2010; Kearney, McDermott, Malte, Martinez, & Simpson, 2012; Kearney, McDermott, Malte, Martinez, &
Simpson, 2013; Rosenthal, Grosswald, Ross, & Rosenthal, 2011; Staples, Hamilton, & Uddo, 2013). These studies also
suggested that Cl interventions could impact symptoms of PTSD. For example, Kimbrough and colleagues (2010) found
that an 8-week mindfulness-based stress reduction (MBSR) program was not only safe and acceptable, but also effica-
cious in reducing PTSD symptoms for adult survivors of childhood sexual abuse. The participants were highly compli-
ant with both class attendance and home practice and the significant reductions in PTSD symptoms were maintained
through the 24-week follow-up.

Cl approaches to alleviate symptoms of PTSD appear to be gaining popularity and surveys indicate that 20% of
those diagnosed with PTSD and up to 46% of veterans and military personnel use Cl modalities to address symptoms
(Bystritsky et al., 2012; Davis, Mulvaney-Day, Larson, Hoover, & Mauch, 2014; Libby, Pilver, & Desai, 2013). In VHA,
where up to 25% of returning Veterans seeking medical treatment suffer from PTSD (Schell & Marshall, 2008), over
90% of VA specialized PTSD treatment programs offer Cl treatments (Libby, Pilver, & Desai, 2012). Stress manage-
ment/relaxation, progressive muscle relaxation, and guided imagery are the most commonly used treatments in these
programs (VA Healthcare Analysis and Information Group, 2011).

Although ClI interventions for PTSD have been widely utilized and attracted great interest in recent years, empir-
ical support for these interventions has lagged behind the clinical use. In 2012, the Institute of Medicine called for
more research to evaluate the efficacy of these treatments (Institute of Medicine, 2012) and several published reviews
of the scientific evidence soon followed (e.g., Banks, Newman, & Saleem, 2015; Kim, Schneider, Kravitz, Mermier, &
Burge, 2013; Khusid & Vythilingam, 2016; Wahbeh, Senders, Neuendorf, & Cayton, 2014; Duan-Porter et al. 2016). As
a whole these reviews demonstrated encouraging findings, but underscored the scant extant literature to support Cl
interventions for PTSD.

Given the strong interest in mind-body interventions for PTSD and the proliferation of relevant studies, frequent
reviews of the accumulating literature are valuable for guiding treatment offerings and identifying directions for future
research. Mindfulness, relaxation, yoga, and tai chi are Cl therapies of particular interest due to the ease with which
they can be utilized in clinical settings. These four therapies (see Figure 1) require active involvement from the partic-
ipant, are highly “portable,” and have great potential for dissemination because they are typically delivered in group
settings with minimal need for equipment. Passive mind-body interventions, such as massage or acupuncture, are a
qualitatively distinct group of treatments that require one-on-one attention from a practitioner and may require spe-
cialized equipment (e.g., massage table, acupuncture needles).

Meta-analyses are able to combine findings from a number of studies to generate estimates of effect size of the tri-
als as a whole. Three reviews published in the past year examined randomized controlled trials (RCTs) of meditation
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Mindfulness is frequently defined as a focused attention on present experiences without
judgment (Kabat-Zinn, 1994). Interventions encouraging mindfulness and meditation have been
considered the “third wave of behavior therapy” and current research examines the roles state
and trait mindfulness may play in the generation and maintenance of symptoms of PTSD
(Vujanovic, Youngwirth, Johnson & Zvolensky, 2009; Walser & Westrup, 2007).

Yoga is an integrative practice consisting of physical postures, breathing, and meditation. Yoga
has been increasingly used by the public and in clinical settings for a variety of conditions and
for general wellbeing (NCCIH, 2013). It may be used to increase present-focused attention and
awareness, and cultivate mindfulness and acceptance. Additionally, the breath work component
can be used to manage the hyperarousal symptoms of PTSD by improving the regulation of the
autonomic nervous system (Moore, Brown, Money & Bates, 2011).

Relaxation therapy includes a variety of techniques including biofeedback training, imagery and
visualization, and progressive muscle relaxation (NCCIH, 2016). Relaxation therapy has been
well utilized in addressing the arousal symptoms of PTSD for decades and has been included as a
key component of several empirically supported treatments for PTSD (Meichenbaum, 1975: Foa
& Rothbaum, 2001). Use of relaxation as a stand-alone treatment for PTSD is somewhat rare,
however, and relaxation has not received much attention in the clinical research on PTSD.

Tai Chi is a form of martial arts involving the practice of various motion routines and
incorporates mindfulness, breathing, active relaxation, and slow movement (NCCIH, 2015). The
characteristic slow movement makes it accessible for individuals of all physical health and
fitness levels. In addition to physical improvements in flexibility, strength and pain management,
Tai Chi has been shown to reduce tension, depression, and anger (Jin, 1989; Wang et al., 2010).
Although, Tai Chi has been associated with physiological and psychological benefits, it is often
overlooked as an intervention for psychological conditions including PTSD.

FIGURE 1 Definitions of mind-body interventions searched for to include in this review

interventions for PTSD and conducted random effect meta-analyses that included both mindfulness and yoga. The
results of these three studies were comparable, indicating effect sizes in the small to medium range for these mind-
body interventions. Hopwood and Schutte (2017) included 18 studies in their meta-analysis. The mean weighted
Hedges' g effect size for this study was —0.44 (95% CI [0.61, —0.27]), which is considered a medium effect (Fritz, Morris,
& Richler,2012).

Gallegos and colleagues (Gallegos, Crean, Pigeon, & Heffner, 2017) examined 19 studies and found a mean weighted
Hedges’ g effect size of —0.39, (95% Cl [-0.57, —0.22]), an effect in the small to medium range. After the authors
removed one of the studies to reduce heterogeneity, the effect size was slightly diminished but similar and signif-
icant (-0.33, 95% CI [-0.45, —0.20]). Using more restrictive inclusion criteria, Hilton and colleagues (2017) exam-
ined eight RCTs of meditation focusing on PTSD outcomes: three trials assessed MBSR (either standard or brief),
three assessed yoga interventions, and two assessed mantram repetition. The meditation interventions showed sig-
nificantly greater reductions in PTSD symptoms than the comparison conditions, with a medium effect (standardized
mean difference = —0.4, 95% CI [-0.81, —0.01]; Fritz et al., 2012). The authors noted that given the substantial het-
erogeneity in effect sizes and the mixed quality of the studies, the quality of the evidence for this finding was deter-
mined to be low. They concluded that more high quality studies with large samples are needed to fully support these
findings.

Another recent meta-analysis focused on the comparison of cognitive-behavioral treatments (CBT) to relaxation
across anxiety disorders, and examined whether the relative efficacy of the two types of treatments differed by anxiety
disorder (Montero-Marin, Garcia-Campayo, Lopez-Montoyo, Zabaleta-del-Olmo, & Cuijpers, 2017). The overall effect
found was small (Hedges’ g = —0.25, 95% CI [-0.38, —0.13]) and in favor of CBT. There were also some overall differ-

ences based on characteristics of relaxation, such as type (e.g., progressive muscle relaxation vs. applied relaxation)
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and method of application (self-applied vs. therapist-applied). The authors concluded that CBT had a small advantage
overall when compared with relaxation. This review included four studies of PTSD, each of which used relaxation as an
active control to compare against a target treatment. The subgroup analysis of the PTSD studies indicated that CBT
evidenced significantly greater reductions in symptoms than relaxation, with a medium effect size (Hedges’ g = —0.60,
95% Cl[-0.94, —0.27]). The authors caution that the small number of studies limits the conclusions that can be drawn
from these PTSD findings.

The methodologies utilized in published RCTs of mind-body treatments for PTSD are varied in ways that can greatly
impact calculations of effect sizes. For example, greater frequency and intensity of treatment (vs. lower dose), com-
pleter analyses (vs. intention to treat), and waitlist control groups (vs. active treatment controls) are likely to generate
larger effects (Schnurr, 2007). When studies with methodological heterogeneity are combined in meta-analyses, the
influences of these factors on overall effect size are unclear. Although subgroup analyses can be used to examine the
contributions of these methodological factors, when there are few high quality studies, subgroups may be very small
and the subgroup analyses less reliable. Therefore, it can be useful to consider the specific methodologies and charac-
teristics of individual studies.

The current study offers a qualitative review of published mind-body trials may provide a complement to the meta-
analyses described above. Each of the RCTs of mindfulness, yoga, tai chi, and relaxation that addressed PTSD symp-
toms and met a standard for quality and relevance are described and notable study characteristics and findings are
highlighted. Additionally, we offer considerations and recommendations for future studies.

2 | METHODS

2.1 | Literature search and eligibility criteria

Electronic literature searches were conducted using PubMed, Published International Literature on Traumatic Stress
(PILOTS) and four EBSCO databases (Psychology and Behavioral Sciences Collection, PsycINFO, PsycARTICLES, and
SocINDEX). In order to capture all randomized controlled trials that were related to mindfulness, yoga, tai chi, and
relaxation, the following mind-body therapy search terms were used: mindfulness, yoga, gigong, gi gong, chi kung,
chikung, tai ji, tai chi, relaxation, relaxation therapy, progressive muscle relaxation, breathing exercises, meditation,
transcendental meditation, mental healing, faith healing, spiritual healing, prayer, imagery, and guided imagery. The
PTSD search terms were as follows: posttraumatic, post traumatic, PTSD, combat stress, soldier, warrior, veteran, and
combat. The randomized controlled trial search terms were as follows: randomized controlled trial, randomized, and
controlled clinical trial. RCTs conducted on adult populations and published in English between January 1985 and Jan-
uary 2018 were selected. Studies that examined mindfulness, yoga, tai chi, or relaxation as an intervention for PTSD
and compared outcomes to an intervention or control group were eligible.

Mind-body interventions are often multi-dimensional and can differ widely. As there can be substantial similari-
ties across categories and substantial variability within a given category, delineation of categories is difficult and def-
initions and groupings in the mind-body literature have been inconsistent. Many cognitive and behavioral therapies
include components of breathing retraining, mindfulness, or relaxation. In order to narrow the focus of this review to
treatments based primarily on mind-body components, treatments that utilized mind-body techniques in conjunc-
tion with or as a part of other more traditional “talk” psychotherapies were excluded from this review (e.g., relaxation
used in Prolonged Exposure Therapy, mindfulness used in Mindfulness Based Cognitive Therapy or Mindfulness Based
Exposure Therapy).

For the current review, we used the following decision rules to determine categories: (1) Interventions were con-
sidered to be mindfulness if the treatment included some type of meditation and focus on the present moment but
were not labeled as yoga or tai chi; (2) Interventions were considered to be yoga if the study investigators labeled them
as yoga and the majority of the intervention could be classified under at least one of Patanjali's eight limbs of yoga
(lyengar, 1979); (3) The relaxation category was limited to interventions that focused on encouraging relaxation of the

mind and/or body with no explicit focus on present-moment awareness, stretching, or postures.



NILES ET AL. Wl LEY 1489

2.2 | Risk of bias assessment

Based on PRISMA guidelines (Liberati et al., 2009), the following “risk of bias” inclusion criteria were chosen to deter-
mine the quality and relevance of the identified articles: (1) study aims that include evaluation of treatment efficacy for
PTSD outcomes; (2) eligibility criteria explicitly included a minimal level of symptoms of PTSD or a diagnosis of PTSD;
(3) random assignment of individuals to groups; (4) interventions adequately developed and described; (5) valid quan-
titative outcome measurements; (6) appropriate statistical methods; (7) dropout rates reported; and (8) conclusions
supported by findings. For each study included in the systematic review (see Table 1), two investigators independently
determined that the eight criteria described above were met. Additional study characteristics that were considered
and used to highlight studies of highest quality include: sample size, use of a credible control intervention, use of blinded
assessors, evaluation of treatment fidelity, use of intent to treat (ITT) analyses, reporting of within- and between-group
effect sizes, and inclusion of follow-up assessments.

3 | RESULTS

Twenty-two full-text articles met inclusion criteria and were included for critical review. No RCTs examining tai chi or gi
gong for PTSD met the above inclusion criteria. Table 1 provides findings from the studies that met criteria for inclusion
and each study is reviewed in text below. Figure 2 illustrates the study flow, number of studies screened, and reasons

for exclusion.

3.1 | Mindfulness

Two of the nine mindfulness studies identified evaluated mantram repetition with veteran participants (Bormann,
Thorp, Wetherell, & Golshan, 2008; Bormann, Thorp, Wetherell, Golshan, & Lang, 2013). This meditation-based group
treatment teaches tools for training attention and regulating emotion, including the silent repetition of a word or
phrase called a mantram. The initial feasibility study (Bormann et al., 2008) used a delayed treatment control and
found large between-group effects. The second, larger trial (Bormann et al., 2013) used a treatment-as-usual control.
Between-group effect sizes on both clinician-assessed and self-reported PTSD symptoms were small in the second
trial, although it is notable that the mantram repetition group showed additional reductions in clinician-assessed symp-
toms during the 6-week follow-up period, suggesting continued improvement following the intervention. Furthermore,
the proportion of participants who showed clinically meaningful change in clinician-assessed PTSD symptoms was sig-
nificantly higher in the mantram repetition group (24%) than in the control (12%).

MBSR was compared to treatment as usual in a study of veterans with PTSD (Kearney et al., 2013). No reliable
between-groups effects on PTSD symptoms were found using ITT or completer analyses and there were no differ-
ences in the proportion of participants who achieved clinically significant changes in PTSD symptoms. However, a large
within-group effect on PTSD symptoms was reported in the mindfulness condition.

In contrast, in a small study of veterans with PTSD that examined changes in brain regions associated with PTSD,
Bremner and colleagues (2017) found MBSR was superior to present-centered group therapy in reducing symptoms of
PTSD. In addition, the robust changes persisted through the 6-month follow-up. However, the study utilized completer
analyses and dropout was high; only 52% of the participants assigned to MBSR completed the treatment, compared to
89% assigned to present centered therapy.

Kim, Schneider, Bevans et al. (2013) delivered 16 sessions of mindfulness-based stretching and deep breathing to
Intensive Care Unit nurses with sub-clinical symptoms of PTSD. In this small study, between-groups ITT analyses indi-
cated that those randomized to the mindfulness condition showed a greater decline in self-reported PTSD symptoms
than those in the waitlist control; symptom reductions were maintained at the 8-week follow-up.

A study with veteran participants examined a very brief (3.5 hours total) mindfulness intervention that was partially
delivered via telephone and compared to a psychoeducation intervention of equal length (Niles et al., 2012). Completer

analyses found large between-group effects on both clinician-assessed and self-reported PTSD symptoms as well as a
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PubMed: PILOTS: EBSCO Databases:
339 Records Identified 139 Records Identified 330 Records Identified

}

| 808 Total Records Identified |—>! 364 Duplicates Excluded

387 Records Excluded:
1. Notan RCT (n = 165)
2. Not a mind-body intervention or mind-body
combined with psychotherapy (n = 139)
3. Not a PTSD population (n = 76)
4. Not in English (7 =7)

A 4

| 444 Abstracts Screened

22 Full-text Articles Excluded:
1. Notan RCT (n = 3)

2. Mind-body combined with psychotherapy
(n=3)

57 Full-text Articles Screened I_, 3. Mind-body combined with traditional exercise
(n=1)

4. Nota PTSD population (n = 13)

Not an adult population (» = 1)

6. Insufficient Information (n = 1)

bl

13 full-text articles excluded:
1. Study aims did not include evaluation of
treatment efficacy for PTSD outcomes (7 =5)
35 Full-text Articles Assessed for 2. Unclear/inadequate randomization procedures
Risk Bias (n=3)
3. Inadequately developed intervention (7 = 1)
4. Inappropriate outcome measurements or
inappropriate statistical methods (7 = 4)

22 Full-text Articles Included for Critical Review

FIGURE 2 Article selection process

significant difference between groups in the proportion of participants who achieved clinically significant change in
self-reported symptoms (54% for mindfulness and 8% for psychoeducation). However, symptoms returned to baseline
and the two groups did not differ significantly at the 6-week follow-up.

Primary care was the setting for a recent trial comparing four-sessions of mindfulness training to treatment as
usual for veterans with symptoms of PTSD (Possemato et al., 2016). The authors found no differences between the
two groups using ITT analyses and attributed this to the large proportion of veterans who did not attend even one
mindfulness session (44.44%). Of the completers, the authors reported significant difference between group effects
and medium to large differences between group effect sizes; most of the participants who completed the mindfulness
condition (75%) experienced a clinically significant change in symptoms in either clinician-assessed or self-reported
PTSD. The effect size and clinically significant changes were maintained at the 8-week follow-up.

A study conducted by Kelly and Garland (2016) randomized 45 female survivors of Interpersonal Violence (IPV)
into either an 8-week trauma informed MBSR (TI-MBSR) program or a waitlist control. Using ITT analyses, it was found
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that participants in the TI-MBSR condition experienced a significant reduction in their self-reported posttraumatic
stress symptoms when compared to the waitlist control. In addition, a large effect size was found for TI-MBSR on PTSD
symptoms. Furthermore, at posttreatment there was a significant reduction in the proportion of participants whose
PCL-C scores met the diagnostic cutoff for PTSD in the TI-MBSR group, but not in the waitlist control group. Treatment
retention was also very high for TI-MBSR with 95% attending at least five of the eight sessions.

A recent trial by Polusny and colleagues (2015) compared MBSR to present-centered therapy (PCT) for veterans
and found that both self-reported and clinician-assessed PTSD symptoms declined in both groups. Improvement in the
MBSR group was significantly greater than in the present-centered group in both self-reported and clinician-assessed
PTSD, and participants in the MBSR condition were more likely than those in PCT to experience clinically significant
change in self-reported PTSD at the 2-month follow-up. However, there were no significant differences between the
two groups in rates of diagnostic remission. Of note, the treatment dropout at follow-up was substantially higher in the
MBSR group (22.4%) than in the present-centered group (6.9%). Some important strengths of this study are the large
sample, use of an active control group, assessment of treatment fidelity, and use of ITT analyses. However, a significant
limitation of this study is that there was a substantial difference in treatment dosage between those in the experimen-
tal MBSR (26.5 hours) and active control (13.5 hours). In addition, those in the MBSR condition were encouraged to
engage in home practice, while those in the present centered therapy condition were not given assignments to do out-
side of group. This large difference in treatment exposure may have contributed to the results that favored the MBSR
group.

The nine mindfulness studies differed substantially from one another in terms of methodology. Almost all examined
predominantly male veteran outpatient populations, although two studied predominantly examined female popula-
tions (Kelly & Garland, 2016; Kim, Schneider, Bevans, et al., 2013). Three studies (Bremner et al., 2017; Niles et al.,
2012; Polusny et al., 2015) utilized an active treatment control and the others used a waitlist or treatment-as-usual
control condition. Most studies utilized rigorous ITT analyses, but three studies (Bormann et al., 2008; Bremner et al.,
2017; Niles et al., 2012) conducted completer analyses only. All but two studies (Bormann et al., 2008; Kelly & Garland,
2016) included a follow-up assessment. The range of total treatment hours was very wide, from 3.5 hours (Niles et al.,
2012) to 27 hours (Kearney et al., 2013; Polusny et al., 2015). Two studies used samples of over 100 participants
(Bormann et al., 2013; Polusny et al., 2015), whereas the remainder used smaller samples of fewer than 65. Eight stud-
ies employed an in-person group session format whereas one (Niles et al., 2012) employed an individual telehealth
format.

Seven of the mindfulness studies, (all but Kearney et al., 2013; Possemato et al., 2016), indicated reductions in PTSD
symptoms from pre- to posttreatment for the mindfulness condition when compared to the control. The between-
groups effect sizes ranged from small and nonsignificant (Bormann et al., 2013; Possemato et al., 2016) to large
(Bormann et al., 2008; Niles et al., 2012). Within-group effect sizes, when reported, were uniformly large, (Bormann
et al,, 2008; Kearney et al., 2013; Niles et al., 2012) which suggests that mindfulness can have a considerable impact
on PTSD symptoms. Although dropouts during treatment were below 25% for most studies, dropout was quite high in
the small Bremner et al. (2017) study focused on brain changes (47.06%). In addition, nonattendance at the first session
was high in the study conducted in a primary care setting (44.44%; Possemato et al., 2016). Five studies (Bormannet al.,
2013; Bremner et al., 2017; Kim, Schneider, Bevans et al., 2013; Polusny et al., 2015; Possemato et al., 2016) reported
that treatment gains were largely maintained or improved over the 6-week to 6-month follow-up period; the Niles et al.
(2012) study reported that PTSD symptom reductions were not maintained and suggested this may be due to the low
dose of 3.5 hours of the intervention. In general, mindfulness interventions are accessible and feasible, associated with
reductions in PTSD symptoms, and can be delivered individually, in a group, through a telehealth format, in a primary
care setting, or at a mental health clinic.

3.2 | Yoga

Six studies of yoga met the inclusion criteria. An Australian study by Carter and colleagues (2013) examined an inten-

sive yoga intervention that consisted of 22 hours of guided group yoga instruction over 5 days followed by nine
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2-hour follow-up sessions. Completer analyses showed significant decreases in both clinician-assessed and
self-reported PTSD 6 weeks following intervention completion, whereas the waitlist group had no decline; the
between-group effect sizes were large. Furthermore, following the delayed yoga intervention, the waitlist group also
improved significantly on clinician-assessed PTSD with large within-group effect sizes.

Mitchell and colleagues (2014) completed a pilot study with women using a less intensive yoga intervention and a
more active control condition. The 12-session yoga condition was compared to a 12-session assessment control con-
dition in which the participants completed questionnaires in a group format. ITT analyses showed that there was a
significant drop in self-reported PTSD symptoms over time, but that there was no significant difference between the
groups indicating no advantage for yoga over group assessment. Within-group analyses indicated that PTSD symptoms
decreased significantly for the yoga group. Improvements in self-reported PTSD symptoms were maintained at the
1 month follow-up assessment for both groups.

In another pilot study designed to investigate if yoga can reduce PTSD symptomology and improve overall wellness,
a predominantly female (89%) group of participants were randomized to either 8 weekly sessions of Kundalini yoga
or a waitlist control group (Jindani, Turner, & Khalsa, 2015). Using completer analyses, the posttreatment assessment
indicated that those who received yoga had significantly greater reductions in self-reported PTSD than the waitlist
control, with a small to moderate effect size. The differential dropout rate was notable as all participants in the control
group completed the study while more than half (51%) dropped out of the yoga condition and did not complete the
study.

Significant and lasting benefits were noted following a short period of time in a small study that examined
Sudarshan Kriya yoga, a breathing-based meditation. Seppéla and colleagues (2014) provided 3-hour group sessions
daily for 7 days to recently returning veterans and compared outcomes to a waitlist control. ITT analyses indicated
that participants in the yoga group experienced a significant reduction in self-reported PTSD symptoms with large
between-group effect sizes, with the strongest effect on the hyperarousal and reexperiencing symptoms. The symp-
tom reductions were maintained at 1 month and 1 year follow-up.

Van der Kolk and colleagues (2014) compared a 10-week trauma-informed yoga intervention to a health education
control group. ITT analyses indicated that both groups showed significant reductions in clinician-assessed PTSD, but
the yoga group exhibited larger decreases than the control group with a moderate between-group effect size. Both
groups also experienced significant decreases in self-reported PTSD symptoms mid-treatment; however, the gains
were maintained in the yoga group at posttreatment whereas symptoms worsened in the control group. Within-group
analyses of the yoga group indicated that the effect sizes were large for both clinician-assessed and self-reported PTSD
symptom reductions. A significantly higher proportion of participants in the yoga group (53%) fell below the diagnostic
cutoff for PTSD diagnosis after treatment compared to 21% in the control group.

Reinhardt and colleagues (2017) compared a 10-week Kripalu-based yoga intervention to an assessment-only
control group in a recent study. Completer analyses indicated that both groups showed nonsignificant reductions in
clinician-assessed PTSD symptoms. Self-reported PTSD symptoms decreased in the yoga group and increased in the
control group, however, these findings were nonsignificant with small between-group effect sizes. Notably, treatment
dropout was unusually high in this study, with 62% of participants in the yoga group withdrawing from the study.

Two of the yoga studies had only female participants (Mitchell et al., 2014; Van der Kolk et al., 2014), one had a
mostly female group of participants (88.8%; Jindani et al., 2015), one had a mostly male sample (88.2%; Reinhardt et al.,
2017), and the other two had only male participants (Carter et al., 2013; Seppal3 et al., 2014). Treatment dropout was
variable across studies, ranging from 1.6% (Van der Kolk et al., 2014) to 62% (Reinhardt et al., 2017). Three studies
employed ITT analyses (Mitchell et al., 2014; Seppala et al., 2014; Van der Kolk et al., 2014) and three used com-
pleter analyses (Carter et al., 2013; Jindani et al., 2015; Reinhardt et al., 2017). All but two studies (Reinhardt et al.,
2017; Van der Kolk et al., 2014) included a follow-up assessment. Van der Kolk et al. (2014) utilized an active treat-
ment control condition whereas the other five studies utilized a waitlist or assessment control condition. The total
hours of treatment varied greatly across the six studies, from 10 (Van der Kolk et al., 2014) to 40 hours (Carter
et al., 2013). Different types of yoga were investigated in the studies; Sudarshan Kriya yoga was utilized in Carter
et al. (2013) and Seppiéla et al. (2014), Kripalu yoga was used in Mitchell et al. (2014) and Reinhardt et al. (2017),
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Kundalini yoga was examined in Jindani et al. (2015), and trauma-informed hatha yoga was employed in Van der Kolk
etal. (2014).

Four of the six yoga studies (all but Mitchell et al., 2014 and Reinhardt et al., 2017) found significant between-group
effects ranging from moderate to large effect sizes. All reported within-group effects were large. Two studies (Carter
et al,, 2013; Mitchell et al., 2014) reported that treatment gains were maintained over the 1 to 6 month follow-up
period. Taken together, these studies indicate that yoga is an acceptable and feasible intervention that may be associ-
ated with PTSD symptom reductions. The van der Kolk study, in particular, with a moderately large sample size of 64
and an active comparison treatment, provides important preliminary support for yoga as an efficacious treatment for

PTSD, although there were no follow-up assessments to determine the persistence of the improvements.

3.3 | Relaxation

All seven of the studies identified for review in this section examined relaxation as a control comparison for other
treatments under study. Therefore, this section is focused on pre- to posttreatment within-group differences as well
as differences between the relaxation condition and the target treatment(s) on primary outcome measures.

Applied muscle relaxation was compared to culturally-adapted CBT for PTSD in a small study with Latino patients
by Hinton, Hofmann, Rivera, Otto, & Pollack, 2011. Large pre- to posttreatment effect sizes were reported for the
participants in the relaxation condition on self-reported PTSD. The between groups analyses indicated a significantly
greater effect for CBT with a large between-groups effect size. All participants in the CBT condition achieved clin-
ically significant change (10 point decrease on the PCL) compared to one third of the participants in the relaxation
condition.

A study that examined relaxation in comparison to three other active treatments (prolonged exposure, cognitive
restructuring, and the two combined) found large treatment effects on both self-reported and clinician-assessed PTSD
for all four treatments (Marks, Lovell, Noshirvani, Livanou, & Thrasher, 1998). Compared to the other active treat-
ments, however, gains were modest for the relaxation group. Fifteen percent of the participants in the relaxation con-
dition achieved clinically significant change (<2 SDs on the CAPS) compared with 47% to 53% for the other conditions.
Notably, there were no significant differences between groups on how many met PTSD diagnostic criteria at posttreat-
ment. The authors reported completer analyses but stated that ITT analyses yielded similar outcomes.

Taylor and colleagues compared relaxation to prolonged exposure and eye movement desensitization and repro-
cessing (EMDR; Taylor et al., 2003). Completer analyses indicated that all three treatments were efficacious in reducing
clinician-assessed and self-reported PTSD. However, prolonged exposure showed an advantage over the other treat-
ments on some measures, such as the proportion of individuals who no longer met diagnostic criteria for PTSD and the
proportion who achieved clinically significant changes in symptom clusters at posttreatment and follow-up. Of note,
the dosage for relaxation therapy was less than both EMDR and exposure by a third (i.e., 8 hours vs. 12 hours) and
the pre- to posttreatment effect size for relaxation was large and significant. Despite the differences among the treat-
ments, the authors also note that outcomes did not differ significantly at posttreatment or follow-up and ITT analyses
for self-reported PTSD indicated no significant between-group effects.

Relaxation was compared to two active treatments (eye movement desensitization and image habituation training)
as well as a waitlist control in a study by Vaughan and colleagues (Vaughan et al., 1994). Despite small group sizes
and short treatment duration (three to five sessions total), all three active treatment groups improved significantly in
clinician-assessed PTSD compared with waitlist and improvements were sustained at follow-up. No differences were
found among the treatment groups in clinician-assessed PTSD or the proportion of individuals who qualified for a PTSD
diagnosis following treatment.

A study focused on heart rate variability of individuals in residential treatment for substance use also examined
PTSD outcomes in an RCT comparing progressive muscle relaxation and biofeedback for respiratory sinus arrhythmia
(Zucker, Samuelson, Muench, Greenberg, & Gevirtz, 2009). The interventions were used as adjunctive interventions in
the treatment program. Both groups showed significant reductions in self-reported PTSD and there were no significant

differences between groups.
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A recent study by Carletto and colleagues (2016) compared relaxation therapy to EMDR among patients with mul-
tiple sclerosis who were diagnosed with PTSD. Within-group analyses revealed large effect sizes for both conditions
on clinician-assessed and self-reported PTSD symptoms and between-groups analyses revealed no differences by
treatment condition. Completer analyses indicated that 100% of participants in the EMDR condition and 77% of par-
ticipants in the relaxation therapy condition no longer met criteria for a PTSD diagnosis at the six-month follow-up, a
statistically significant difference.

Markowitz and colleagues (2015) used relaxation therapy as an active control in a non-inferiority trial compar-
ing interpersonal therapy to prolonged exposure for PTSD. This rigorous study used a large sample, an active control
group, blinded assessment of outcomes, and assessment of treatment fidelity, as well as an ITT approach to analyses.
The authors employed sophisticated longitudinal mixed-effects models using multiple imputations for missing values
to evaluate efficacy. Within group pre-to-post analyses of all therapies revealed large effect sizes, and between-groups
analyses found no significant differences among the three conditions in posttreatment clinician-assessed PTSD symp-
toms or remission rates. Compared to the relaxation group, participants in the prolonged exposure and interpersonal
therapy groups reported significantly greater reductions in self-reported PTSD symptoms and showed higher rates of
response (defined as improvement of >30% on CAPS). Nevertheless, the improvements seen in the relaxation group
were substantial and there were no significant differences among the groups on many of the reported outcomes.

All seven of the relaxation studies focused primarily on the efficacy of the target interventions in the RCTs and in
general provided limited detail about the procedures and results for the relaxation condition. There was substantial
heterogeneity in study methodology regarding session length (20 minutes to 90 minutes), frequency of the sessions
(daily to weekly), and duration of the intervention (2 weeks to 15 weeks). Importantly, the within-group effects were
not uniformly reported and were based on small group sizes. Five of the studies had a participant pool that was pre-
dominantly or all female (64% to 100%), while both Marks et al. (1998) and Zucker et al. (2009), included more male
participants (64% and 55%, respectively). Four of the studies used ITT analyses (Carletto et al., 2016; Hinton et al.,
2011; Markowitz et al., 2015; Vaughan et al., 1994), while the remaining used completer analyses (Marks et al., 1998;
Taylor et al., 2003; Zucker et al., 2009).

In four studies (Hinton et al., 2011; Markowitz et al., 2015; Marks et al., 1998; and Taylor et al., 2003) large pre-
to post within-group effect sizes for relaxation were reported indicating that the relaxation treatment had a salutary
effect on PTSD symptoms. The remaining three studies (Carletto et al., 2016; Vaughan et al., 1994; Zucker et al., 2009)
did not report within-group effect sizes but both reported reduced PTSD severity for all treatment conditions, includ-
ing relaxation. Three of the studies (Carletto et al., 2016; Hinton et al., 2011; Marks et al., 1998) reported greater
treatment efficacy for the target treatments than relaxation on the primary PTSD outcome measures. Additionally, in
two of the other four studies (Markowitz et al., 2015; Taylor et al., 2003), secondary analyses showed better outcomes
for the experimental group on at least one PTSD metric, while the two remaining studies (Vaughan et al. 1994, Zucker

et al., 2009) showed no advantage for the target treatments.

4 | DISCUSSION

The evidence provided by the mindfulness, yoga, and relaxation studies reviewed here offers support for mind-body
treatments for PTSD. Although the literature base remains limited because many of the trials suffer from method-
ologic weaknesses, it is encouraging that there are increasing numbers of RCTs to draw on and that some larger, more
rigorous studies have been added to the nascent evidence base. For example, the trial by Polusny and colleagues (2015)
demonstrates superior outcomes for mindfulness compared to PCT, which is considered to be an empirically supported
treatment for PTSD by Division 12 of the American Psychological Association (2013). Similarly, the study by Van der
Kolk et al. (2014) provides important support for yoga as an efficacious treatment for PTSD compared to a health
education control. These two studies used stronger research designs than most of the studies reviewed here in that
they both included relatively large samples, used active and credible control groups (rather than treatment as usual or

waitlist comparisons), utilized blinded assessors, and reported ITT analyses. Nevertheless, both studies also have
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notable weaknesses, such as the large difference in treatment dosage for the Polusny et al. (2015) trial (Lee & Hoge,
2017) and the lack of follow-up assessment to evaluate the durability of treatment effects in the Van der Kolk et al.
(2014) trial. While the accumulating findings on mind-body treatments for PTSD are promising, future research should
utilize improved study designs and reduce methodological limitations to strengthen the evidence.

Stand-alone relaxation interventions as treatments for PTSD have seldom been included in previous reviews, pre-
sumably because relaxation has been examined in RCTs only as a control condition. The recent meta-analysis by
Montero-Marin et al. (2017) indicates that, on the whole, CBT interventions are moderately more efficacious than
relaxation for PTSD and the current findings do not contradict this. Five of the seven relaxation studies found signif-
icant between-group differences on PTSD or other relevant outcome measures in favor of the target treatments. In
addition, the current review highlights the large within-group symptom improvements in the relaxation condition for
the majority of the studies in this category. Thus, although relaxation may not perform as well as target treatments, the
effects are sizable. Due to the heterogeneity of the study methodologies, conclusions about these studies as a whole
should be cautiously interpreted. Nonetheless, given the ease with which stand-alone relaxation can be utilized in clin-
ical settings, it may be a valuable treatment option for PTSD and additional research is needed to determine its relative
efficacy.

4.1 | Strengths and limitations

A sstrength of this review is that we included a wide variety of interventions within each of the three categories of treat-
ments. However, a drawback is that there are substantial dissimilarities among the treatments within each category.
For example, within the Mindfulness category, Mantram Repetition, which emphasizes one-pointed attention on a spir-
itual word, may be fundamentally different from sitting-in-open-awareness meditation, as emphasized in MBSR. Most
mind-body interventions are multidimensional and there is a great deal of heterogeneity among them. Interventions
that include several components, especially those that include both yoga and mindfulness, are particularly difficult to
categorize. In addition, many of the studies reviewed provided only minimal description of the interventions examined.
Given these challenges, we elected to rely substantially on the investigators’ label of the intervention to determine
its category. However, investigators’ labels are likely based more on the theoretical orientation of the designer of the
intervention than on objective assessments of what is received by the trial participants, and this subjectivity may limit
the conclusions that can be drawn from our findings.

As smaller trials tend to be analyzed with less methodological rigor (Coronado-Montoya et al., 2016), the small num-
ber of participants in many trials reviewed may have contributed to an exaggeration of positive outcomes. In addition,
small trials that did not show PTSD symptom improvement may not have been published, and publication bias may
have influenced the findings. Thus, despite the exclusion of single-arm studies from this review to reduce overesti-
mation of results, our findings may still be biased in favor of mind-body treatments. On the other hand, differences
among treatment conditions are more difficult to detect for studies with small samples. The absence of significant dif-
ferences between groups for several of the studies reviewed should not be interpreted as confirmation that the groups
are equivalent.

This review was restricted to PTSD outcomes. Examination of changes in other life domains that have been asso-
ciated with mind-body practices, such as quality of life or physical functioning, would present a fuller picture of the
potential benefits of these interventions. Some previous reviews of mind-body interventions for PTSD have examined
comorbid issues (e.g., depression; Hilton et al., 2017). However, since there was little consistency in terms of which
other domains of functioning were evaluated among the studies that met criteria to be included in this review (e.g.,
three of the nine mindfulness studies examined depression, two examined quality of life, etc.) we elected to limit the
focus to PTSD symptoms as this was the outcome of interest for this systematic review.

The applicability of this review may be limited by the specific populations under study (e.g., seven of the nine mind-
fulness studies were conducted with Veterans) and the interventions could perform differently in other populations.
Finally, our restriction to English-language publications may have excluded important studies that were published in

other languages.
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4.2 | Recommendations

Establishing methods to clearly define active ingredients and key components of mind-body interventions will be
important to guide future research and clinical applications. To allow researchers and clinicians to reliably replicate
interventions, we recommend that researchers develop treatment manuals with detailed descriptions and/or audio
or video recordings of the components of interventions. Groess| and colleagues (2015) have begun to develop an
objective measure to identify components of yoga interventions and such efforts are needed for other mind-body
therapies as well. Examination of specific components and repeated measurement of constructs of hypothesized rele-
vance in mind-body interventions (such as arousal, positive affect, distress tolerance, and positive reappraisal [Hanley,
Garland, & Tedeschi, 2017; Talkovsky & Lang, 2017; Vujanovic, Niles, Pietrefesa, Schmertz, and Potter, 2013]) may elu-
cidate mechanisms of change. As the literature grows and we gain clear definitions of the components of mind-body
interventions, dismantling studies, such as those conducted on cognitive treatments for PTSD (i.e., Resick et al., 2008)
should be performed to identify key elements that drive symptom change.

Going forward, it will be important to consider that a focus on remission of PTSD symptoms may be misaligned
with the objectives of most mind-body interventions and that this may necessitate a shift in the methods used to
evaluate outcomes. Interventions such as yoga or mindfulness are not directly aimed at reducing specific groups
of symptoms; they may be most helpful in changing one's relation to one's mental state and physical sensations.
These interventions encourage present moment awareness and aim to reduce struggle against distressing sensa-
tions. Mind-body interventions may encourage tolerance of negative physical and emotional states for individuals
with PTSD and promote approach-oriented coping (Vujanovic et al., 2013) that can empower individuals to engage
in healthy lifestyle habits. Furthermore, these interventions may reduce persistent hyperarousal symptoms (Wahbeh,
Goodrich, Goy, & Oken, 2016) that perpetuate physical and psychological dysregulation and thus initiate a positive
cycle of enhanced health. In order to facilitate comparisons and aggregation of findings across studies, researchers
should include both between- and within-group effect sizes when presenting results and employ common tools
that assess these broader issues. We recommend that investigators consider utilizing PROMIS measures (https://
www.healthmeasures.net/explore-measurement-systems/promis) to evaluate more global health and mental health
functioning.

Choice of comparison groups in RCTs is a study design element that deserves careful consideration as there are
advantages and drawbacks associated with all comparison groups (Park et al., 2014). Unlike medication trials, there
is no true placebo in mind-body or psychotherapy RCTs for PTSD (Schnurr, 2007). As was found to be the case
with relaxation, control interventions sometimes prove to be efficacious so it is critical to specify the components
of the comparisons as well as the target treatments. Similarly, as noted by Bradley and colleagues (2005), in many
cases relaxation comparison treatments were not “intended (nor presumably perceived by the research therapists
conducting them) to succeed” and therapist belief in efficacy of study treatments may affect the outcomes. Thus,
study therapists should be adequately trained across conditions and should deliver each with a consistent level of
enthusiasm to avoid potential bias. When choosing comparison interventions, it is, of course, necessary to attend to
practical concerns, such as the feasibility of recruiting participants who will have a 50% chance of receiving a con-
trol intervention or requirements from funding agencies for active alternative treatments rather than waitlist con-
trols. Theories about mechanisms of change also should guide choices; comparison interventions that omit a hypoth-
esized key ingredient will provide valuable information to advance our understanding of how these interventions
work.

Given that interventions with inadequate dose may generate false null results and that lengthy interventions may
not be feasible to deliver, the length and intensity of treatments should be varied and empirically evaluated to deter-
mine optimal dose. Engagement in mind-body practices outside of the research setting is likely to enhance treatment
effects both during and following study interventions. Future studies should attempt to measure home practice and
conduct follow-up assessments to evaluate the impact of continued practice on symptoms over time. It will be useful
to examine whether taking steps to encourage practice in the home and/or community (e.g., videos, providing referrals

with free or low cost community classes) can maintain or boost treatment gains.
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There is encouraging evidence that mind-body approaches may be effectively blended with other therapies
in the treatment of PTSD. For example mindfulness has been combined with cognitive therapy (King et al., 2013)
and with traditional exercise (Goldstein et al., 2018) to address PTSD with good preliminary results. Future
research should evaluate the efficacy of mind-body interventions both alone and in combination with other
treatments, particularly with current standard evidence-based trauma-focused psychotherapies. This may lead to
matching treatments to individual patient characteristics to optimize outcomes. For example, mind-body treat-
ments that focus on deep breathing and relaxation may work better for individuals with particularly high arousal
symptoms, whereas CBT approaches may be optimal for those with greater elevations of negative mood and
cognitions.

In addition to the need for further evidence to support mindfulness and yoga as treatments for PTSD, we encourage
research on tai chi and additional studies on stand-alone relaxation. The active mind-body treatments reviewed here
can be offered easily in venues that are not associated with the stigma of mental health care, such as in primary care
practices and community settings, and these treatments may appeal to individuals with PTSD who are reluctant to
engage in traditional psychotherapies. Although the current evidence is in its infancy, the accumulating research to
support mind-body treatments for PTSD is promising.
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