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Abstract

Background Posttraumatic stress disorder (PTSD) can occur after trauma. While PTSD management strategies
include first-line pharmacotherapy and psychotherapy, mind-body therapies, such as yoga, are applied in the PTSD
population. This overview aimed to summarize the effectiveness of yoga interventions on PTSD symptoms in adults
in a systematic review (SR) including randomized controlled trials (RCTS).

Method We searched for SR with or without meta-analysis of RCTs involving adults with PTSD diagnosis or trauma
history. The search was conducted until April 2022, through six databases (Cochrane Database, MEDLINE (Pub-
med), Scopus, Embase, CINHAL and PEDro). The primary outcome was the evolution of PTSD symptoms through-
out the intervention. Secondary outcomes included follow-up, safety, adherence, and cost of the intervention. Two
authors independently performed the selection, data extraction and risk of bias assessment with the AMSTAR 2 tool
and overlap calculation. This overview is a qualitative summary of the results obtained in the selected studies.

Results Eleven SRs were analyzed, of which 8 included meta-analyses. The overlap between studies was consid-
ered very high (corrected covered area of 21%). Fifty-nine RCTs involving 4434 participants were included. Yoga

had a significant small-to-moderate effect-size on PTSD symptom decrease in 7 SRs and non-significant effects in 1
SR with meta-analysis. All SR without meta-analysis found beneficial effects of yoga on PTSD. Secondary outcomes
were not sufficiently assessed to provide clear evidence. Results should be interpreted with caution as 1 SR was rated
as at moderate risk of bias, 3 as low and 7 as critically low.

Conclusions While yoga therapy seems promising for decreasing PTSD symptoms, future research should standard-
ize yoga therapy duration/frequency/type and consider long-term efficacy to better delineate yoga therapy efficacy
in PTSD patients.

Keywords Complementary and alternative approach, PTSD, Mind-body therapies, Mindfulness, Meditation, Physical
activity
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Introduction

Post-traumatic Stress Disorder (PTSD), is diagnosed
when intrusion, avoidance, alterations in cognition and
mood, alterations in arousal and reactivity last for more
than a month [1, 2], can occur after a trauma, such as
exposure to death or to a death threat, to serious inju-
ries or to sexual violence [1]. Considering all origins of
the trauma, 4% of the population risk developing PTSD
worldwide [2] leading to psychological distress, social
impairments and alteration of global health [1, 3]. In
attempts to improve the challenging management of
PTSD symptoms, which is conventionally treated by
psychotherapy and pharmacotherapy [4-7], comple-
mentary approaches including yoga are nowadays well-
considered [8].

Initially practiced to cultivate an inner state of equa-
nimity, and to reach a higher level of consciousness [9,
10], yoga is currently practiced mainly as a way to pro-
mote physical activity and mental well-being [10, 11].
Yoga is based on the practice of three main principles
with physical postures, breathing techniques and medita-
tion [10-13] and is carried out by more than 300 million
people around the world. Yoga claims to provide health
benefits including physical, metabolic, physiological,
mental health and well-being in the general population
[14, 15] and in populations presenting with psychologi-
cal impairments [13]. In an overview including 13 sys-
tematic reviews (SR) and 1 meta-analysis published in
2015, Macy and al. [16] synthesized the impact of yoga
on mental health problems. While the authors reported
overall positive results on PTSD symptoms, the level of
evidence was limited by the inclusion of clinical trials
both with and without a controlled randomized design.
The new recommendations of the International Soci-
ety for Traumatic Stress Studies emphasized a need for
additional studies to determine the efficacy of yoga on
PTSD symptoms [7]. In a recent bibliometric analysis of
SR, Wieland et al. [13] highlighted the growing interest in
yoga therapy and retrieved 332 SR of which 8 specifically
focused on PTSD. The authors recommended examining
the quality of SRs regarding yoga, the objective being to
establish a new global synthesis of literature by provid-
ing current evidence of yoga efficacy on PTSD symptoms
and recommendations for future research.

To achieve this goal, we conducted an overview of SR
including RCTs only. The main aim was to provide cur-
rent evidence of the effect of yoga treatment on PTSD
symptoms. In addition, retention of benefits, safety,
adherence and cost were considered as secondary out-
comes likely to provide recommendations for future
studies.
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Method

Design and protocol

Our overview was conducted following the Cochrane
recommendations [17] and the Preferred Reporting
Items for Overviews of SRs Including Harms (PRIO-
harms) [18]. The PRIO-harms tool is a modified ver-
sion of PRISMA recommendations concerning SRs [19].
PRIO-harms recommendations aim to structure an over-
view through 27 items.

Search strategy

To ensure screening a maximum amount of items in the
literature, and to avoid missing out on any SR, six data-
bases were consulted the Cochrane Database, MEDLINE
(Pubmed), Scopus, Embase, CINHAL and PEDro. The
search was performed up until April 2022. Keywords in
titles and abstracts were used to select the SRs: yoga AND
posttraumatic stress disorder (see details in Appendix 1).
Keywords were selected with MeSH terms to ensure the
inclusion of synonyms in our research. In addition, grey
literature was considered in the present overview.

Eligibility criteria and selection

The research question and eligibility criteria were defined
following the PICOS (Population/Patient/Problem, Inter-
vention, Comparison, Outcome, Study design) method
[20]. The inclusion criterion were SRs assessing the effec-
tiveness of yoga intervention on PTSD symptoms of
affected adults, as the primary outcome, in comparison
with active control groups or no intervention. Changes
in PTSD symptoms had to be reported with scales or
quantified data. SRs were included only when the results
of yoga were reported with independent analysis, even
though other interventions were reported. No restriction
on trauma type or on type of yoga intervention was con-
sidered. SRs had to include Randomized Controlled Tri-
als (RCTs) only and had to be entirely in English. Study
selection was performed by two independent reviewers
(NL and MB) in four steps: removal of duplicates, reading
of the titles, reading of the abstracts and integral reading.
Disagreements between reviewers were solved by discus-
sion and if necessary, with a third independent reviewer
(AP). Microsoft Excel ® and Zotero ® software were used
to save every step of research.

Data extraction
Data extraction was conducted independently by two
authors (NL and AP), and disagreements were resolved
with a third independent author (MGG).

The following information was collected:
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+ Metadata: first author’s name, publication date,
country, type of study, number of primary studies
included

+ Objectives of the study

+ General characteristics of the population: number of
participants, age, gender, type of trauma

+ Intervention details: type of intervention, control
group, duration, frequency of intervention, scales
used, first outcome measurement, additional out-
comes

+ Results after intervention

+ Conclusions of first and secondary outcomes

If complementary information was needed, the authors
of the selected studies were contacted.

Study quality assessment

All studies included were evaluated with the AMSTAR
2 scale (A MeaSurement Tool to Assess systematic
Reviews) [21]. Two reviewers (NL and MGG) indepen-
dently read and assessed the risk of bias for each study.
Discrepancies were resolved by discussion or with a third
reviewer if needed (AP) and noted to report the disagree-
ment rate.

Overlap

When similar primary studies were included, called over-
lap, we calculated the corrected covered area (CCA), to
avoid any risk of attributing a disproportionate power to
the conclusions of a given study [22].

Results

Search results

A total of 271 records were identified. After removing 57
duplicates and screening eligible criterion in 27 SRs, 11
articles were included and analyzed. Figure 1 presents the
flow chart of the selected reviews, and justifications for
excluded reviews are detailed in Appendix 2.

Description of the included studies
SRs were published between 2015 and 2022, including
3 to 22 RCTs dated from 1985 to 2020. Eight SRs were
supplemented by a meta-analysis [3, 23-29]. One SR was
presented as a short communication [23]. The CCA was
21%, showing a very high overlap.

Participants and interventions
The characteristics of the 4434 participants included in
the 11 SRs are summarized in Table 1.

Reported in 7 SRs, age ranged from 18 to 70 [3, 24, 25,
27-29, 31] and sex ratio from 32.9% to 100% of women
[24, 25, 27-31] (concerns only the yoga group in the SR
of Liu et al. [30]). As regards trauma type, the population
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was heterogeneous with veterans and active military
representing about half of the trauma population in 6
SRs [23-27, 30]. In the other 4 SRs, traumas were vari-
ous in the civilian sample population (victims of natural
disasters, interpersonal violence, patients with treatment-
resistant PTSD, inmates’ wives, nurses, patients with
multiple sclerosis and PTSD, in-patients in psychiatric
unit) [3, 28, 31, 32], and trauma type were not specified in
one review [29]. Gallegos et al. [26], Hilton et al. [27], and
Bjorkman and Ekblom [24] (9 RCTs including 4 of yoga)
analyzed the influence of veteran versus non-veteran
population [24, 26], and trauma type [27] on PTSD symp-
toms, and found no significant difference.

Trauma diagnostic was specified in 5 reviews [3, 24,
25, 28, 32] mostly thanks to the Diagnostic and Statisti-
cal Manual (DSM), PTSD Checklists (PCL) or Clinician-
Administered PTSD Scale (CAPS).

Three SRs included only yoga interventions [25, 28,
32], whereas 8 associated yoga with other interventions:
mindfulness, meditation, relaxation interventions, body-
mind-spirit interventions, or physical activity (anaero-
bic, aerobic and/or resistance-based exercises), or other
interventions [3, 23, 24, 26, 27, 29-31]. Three of the SRs
with mixed interventions provided overall results and
reported specific forest plot analysis for yoga interven-
tion [3, 24, 29], while 5 SRs reported specific results and
figures of yoga interventions [23, 26, 27, 30, 31]. The 11
SRs included 59 primary studies, of which 13 were only
yoga interventions.

One SR specifically focused on trauma-sensitive yoga
[28], while the others had no restriction on the type of
yoga. Eight different types of yoga were assessed: trauma-
informed yoga [3, 24—27, 29-32], Kripalu yoga [3, 24-27,
29-32], Kundalini yoga [24-27, 29, 31, 32], Sudarshan
Kriya yoga [25, 29, 31, 32], Satyananda yoga [25, 29, 32],
Hatha yoga [29, 32], online yoga [24, 29], Mindfulness-
based stretching and deep breathing exercise [26, 32],
while the type of yoga was not specified in one SR [23].

The duration of the yoga interventions ranged from
5 days to 6 months, with daily to monthly practice
including 7 to 32 sessions lasting from 1 to 4.4 h. A sub-
group analysis by Zhu et al. [29] showed that a duration
of 8 to 16 weeks with 60 to 150 min per session would
increase the benefits of mindfulness exercises on PTSD.
Four reviews reported that yoga was delivered in group
or individual sessions [24, 26, 30, 31].

Outcomes

PTSD symptoms

Fifteen scales were used to assess PTSD symptom
changes, of which the most recurrent were CAPS for 10
SRs and PCL for 9 SRs. Seven SRs reported significant
effects in favor of yoga with small to moderate effect
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Fig. 1 Flow chart

size compared to control [3, 23-27, 29] and 1 review
indicated no significant changes [28]. Bjorkman and
Ekblom [24] found no significant difference between
low- and high- intensity activities (yoga vs aerobic and/
or resistance training). Liu et al. [30] reported that 2 out
of 3 RCTs had significant PTSD symptoms relief after the
yoga intervention. Sciarrino et al. [32] reported that 5 out
of 7 RCTs had significant positive results after yoga com-
pared to control condition. Niles et al. [31] reported that
4 out of 6 RCTs had significant between group-effects in
favor of yoga, with moderate to large effect-size.

Secondary outcomes, follow-up, safety, adherence, cost

Yoga effectively reduced depression in 4 SRs (3 to 6
RCTs of yoga) [3, 24, 27, 29] while not in one (3 RCTs
of yoga) [28]. No significant difference in anxiety was
reported in two SRs (7 RCTs including 3 on yoga) [24,

27], while one found positive significant effects in 5
RCTs of mind-body therapies on anxiety (4 RCTs of
yoga) [29]. One SR reported significant sleep ameliora-
tion with moderate effect size (4 RCTs with 2 of yoga)
[24], while another did not [3].

Niles et al. [31] reported that 3 out of the 6 yoga
interventions showed that symptom relief was main-
tained from 1 month to 1 year after completion of yoga
intervention. In the SR of Liu et al. [30], 1 yoga RCT
[33] reported no significant CAPS score changes after
1 month of follow-up.

Cramer et al. [34] reported no adverse events in two
RCTs, while exacerbations of preexisting breathing
problems were observed in one RCT. Hilton et al. [27]
and Rosenbaum et al. [3] did not report adverse events
in yoga interventions.
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Two SRs reported that attrition was between 0 and 62%
(30, 31].
None of the SRs evaluated the cost of interventions.

Comparators

Control groups consisted of usual treatment, wait-list,
active treatment and/or non-active treatment, delayed
intervention control group and/or assessment control.
The three SRs performing a meta-analysis showed no
significant difference between the active and non-active
control group [24, 26, 27].

Methodological quality, risk of bias, quality of evidence
and funding
Seven SRs reported risk of bias tool assessment using
the Cochrane risk of bias tool [25, 26], the Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) [23, 27], the Delphi list [30], the
modified Physical Therapy Evidence Database scale
(PEDro) [29] or the Swedish agency for Health Tech-
nology Assessment and Assessment of Social Services
(SBU) [24]. As they reported unclear to high risk of bias
in their analyses, level of evidence was downgraded to
very low [23, 25, 27] or moderate quality [24].
AMSTAR-2 assessment is presented in Table 2. Two
authors agreed at 97% (NL and MGG) in their rat-
ings. The mean score was 7/16, with a minimum of 2
[30] and a maximum of 12 [27]. None of the included
reviews presented the fundings of included RCTs.
Cramer’s review was rated as moderate [25] in overall
confidence, 3 as low [26, 27, 29] and 7 reviews as criti-
cally low [3, 23, 24, 28, 30-32].

Discussion

This overview was aimed at gathering recent evidence
considering the potential positive effects of yoga on
PTSD symptoms by including 11 SRs with additional
meta-analysis in 8 of them. All in all, yoga provides ben-
efits for PTSD symptoms, although the quality of evi-
dence is low, given the heterogeneity and methodological
concerns.

In 13 SRs dated from 2005 to 2013, the overview by
Macy et al. [16] reported that yoga intervention could
relieve negative outcomes of trauma (depression, anxi-
ety, and PTSD). However, as only 30% of the primary
studies were RCTs, their main recommendation was to
increase the level of evidence by applying randomized
control trial design. Close to ten years later, our over-
view included only SRs with RCTs, and additionally
assessed quality of evidence using the AMSTAR-2 tool.
The current overview highlights the fact that 3 SRs
without meta-analysis [30-32] and 7 SRs with meta-
analysis [3, 23-27, 29] reported significant positive
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effects of yoga compared to control interventions in
PTSD symptoms with small to moderate size effect,
while one failed to report significant benefit of yoga
[28]. The quality of evidence was rated as very low to
moderate in 4 SRs [23-25, 27], and 6 SRs concluded
that yoga could only be considered as an adjunctive
treatment to conventional approach [3, 24-26, 29, 30].
For the sake of the PTSD patient, our overview sup-
ported the use of yoga as a complementary approach
in clinical practice, while we recommend performance
of RCTs comparing yoga with and without conven-
tional treatment, the objective being to delineate the
effectiveness of yoga intervention more precisely in the
PTSD population.

As aforementioned, PTSD symptoms can originate
from several traumas. Referring to PTSD patients as
a homogeneous population could be considered as a
restrictive point of view. Even though our results, as
previously reported [16], failed to demonstrate that dif-
ferent PTSD origins could cause more or fewer benefits,
it bears mentioning that psychological and social fac-
tors might influence response to therapy, as previously
demonstrated in the low back pain population [37-39].
For instance, the process of PTSD management in male
veterans and active military persons, predominantly rep-
resented in our overview [24, 26, 27], cannot be equated
to sexual abuse of women. Far from placing populations
in opposition, specific yoga therapy programs might
strengthen the effectiveness of this approach. Social fac-
tors, such as social gradient of health [38], professional
status [39] or gender, should be taken into account and
systematically assessed to guide yoga teachers to modu-
late their programs. Considering the numerous types of
yoga, including the 8 identified in our overview, it is safe
to suggest that a multidisciplinary approach, includ-
ing Acceptance and Commitment Therapy (ACT) [40]
with medical and yoga teachers would help to shed light
on this specific issue. So as to standardize therapeutic
approach we recommend determining a specific yoga
program dedicated to people presenting with PTSD asso-
ciated with specific modules for the different types of
PTSD. In addition, the duration and frequency of yoga
therapy sessions should be considered. Yoga therapy
could be modeled on other complementary approaches
such as mindfulness [41, 42] (e.g., Mindfulness Based
Stress Reduction or Mindfulness-Based Cognitive ther-
apy) and clinical hypnosis [43], which recommend prac-
ticing for at least 8 weeks with a professional in order to
achieve significant effects on anxiety or pain, potentiated
by home self-practice [44, 45]. Subgroup analysis by Zhu
et al. [29] showed that 8 to 16 weeks with 60 to 150 min
per session improved the benefits of mindfulness exer-
cises on PTSD symptoms. Future research is needed to
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Table 2 Methodological quality assessment

AMSTAR 2 USE PICO METHOD INCLUSION SEARCH SELECTION x 2 EXTRACTION x 2 EXCLUSIONS DESCRIPTION ROBRCT
criterion® STRATEGY

Systematic 1 2 3 4 5 6 7 8 9
review

Niles, 2018 [31] P Y P N N P N
Rosenbaum Y P N P Y N P P
2015 [3]

Cramer 2018 Y P N p Y Y Y Y Y

[25]

Hilton 2017 Y Y Y Y Y Y N Y Y

[27]

Gallegos 2017 Y p Y p Y Y N Y Y

[26]

Sciarrino 2017 Y N Y P N N N P N

[32]

Kysar- Moon Y N Y P N N N Y N
2021 [28]

Bjorkman 2021 Y P N P Y N N P P

[24]

Liu 2018 [30] Y P N P N P P
Bisson 2020° Y P Y Y N Y N Y

[23]

Zhu 2021 [29] Y Y N P Y N N Y P

% of "No" 0 18 45 0 45 63 91 9 27
AMSTAR 2 FUNDING MAMETHOD  MAROBIN ROB HETEROGENEITY MA ROB COl & Overall
criterion® RESULTS DISCUSSION DISCUTED FUNDINGS confidence in
Systematic 10 1 12 13 14 15 16 Rating (/16)  theresults of
review the reviews
Niles, 2018 [31] N n.a n.a N N na Y 3 Critically low
Rosenbaum N N N N Y Y 5 Critically low
2015 3]

Cramer 2018 N Y Y Y N Y Y 1 Moderate
[25]

Hilton 2017 N Y Y N Y N Y 12 Low

[27]

Gallegos 2017 N N N Y Y Y Y 11 Low

[26]

Sciarrino 2017 N na na N N n.a Y 3 Critically low
[32]

Kysar- Moon N Y N N Y N Y 6 Critically low
2021 [28]

Bjorkman 2021 N Y Y N Y Y Y 7 Critically low
[24]

Liu 2018 [30] N na n.a N na 2 Critically low
Bisson 2020° N N Y N N Y 8 Critically low
[23]

Zhu 2021 [29] N Y Y Y Y Y N 9 Low

% of "No" 100 9 27 54 45 27 27 Mean score=7

?Items 9 and 11 are presented without 9.1/9.2 and 11.1/11.2 distinction as there is only RCT in this overview

b Data available in previous publications [7, 35, 36]

°AMSTAR 2 critical domains, Y Yes, P Partially yes, N No, n.a not applicable

Rating overall confidence in the results of the review:

High: No or one non-critical weakness. The systematic review provides an accurate and comprehensive summary of the results of the available studies that address
the question of interest

Moderate: more than one non-critical weakness. The systematic review has more than one weakness but no critical flaws. It may provide an accurate summary of the
results of the available studies that were included in the review

Low: one critical flaw with or without non-critical weaknesses. The review has a critical flaw and may not provide an accurate and comprehensive summary of the
available studies that address the question of interest

Critically low: more than one critical flaw with or without non-critical weaknesses. The review has more than one critical flaw and should not be relied on to provide an
accurate and comprehensive summary of the available studies
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determine the “dose—response” relationship for yoga
therapy delivered to PTSD patients.

Based on three main pillars (physical postures, breath-
ing techniques and meditation), yoga therapy is prom-
ising insofar as it helps to manage PTSD symptoms. In
addition to subjective benefits, clinical research has inves-
tigated neuroimaging in different populations to support
yoga-related neuroplasticity. In a recent review, van Aalst
et al. [46] synthesized neurobiology advances determined
from a neuroimaging framework. First, the authors stated
that despite heterogeneous practice of yoga and target
assessment, cerebral structural and functional changes
were consistent in the 34 included studies. Morphologi-
cal studies showed an increase in regional grey matter
density or volume in yoga practitioners compared to
controls, with a higher grey matter localized at the insula
[47-49] identified as central in interoceptive body aware-
ness and empathy [50, 51]. In addition, studies reported
grey matter volume increase in hippocampus [47, 48, 52,
53] and decrease in the amygdala, which was likely asso-
ciated with lower experienced stress due to yoga practice
[54-57]. Furthermore, yoga meditation showed increased
frontal region activation of several frontal regions [58—
61], known to be key to decision-making [62, 63], motor
control [64, 65] and sustained attention [66]. In line with
this result, one study reported that yoga meditation sig-
nificantly increased dopaminergic release in the ventral
striatum [67], playing an important role in the circuitry
underlying goal-directed behaviors, changes in affective
states [68], and in the reward/motivation circuitry [69].
All in all, both bottom-up (physical posture and breath-
ing) and top-down (focused attention) mechanisms of
action were involved in yoga therapy [70]. While these
findings have not been collected in PTSD patients, the
consistency of the results suggest that similar morpho-
logical and functional pathways are involved after yoga
therapy in PTSD patients. Specific neuroplasticity after
yoga therapy in PTSD patients has to be determined.

Limitations

Although providing new insight, this overview has sev-
eral limitations. First, the high overlap rate (CCA of
21%) could have over-estimated conclusions from SRs
including similar studies. In addition, the sample size of
included studies was unequally distributed across the SRs
(from 3 to 22) and the overall low methodological qual-
ity of included SRs (7 SR reported high risk of bias of
included studies [23-27, 29, 30]) should nuance our con-
clusion. Our overview included SRs focusing on PTSD
symptoms but avoiding considering secondary outcomes
such as pain and physical activity [71] that have been
shown to be associated with psychological distress [72—
75]. The heterogeneity of the yoga practices did not allow
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us to highlight which type of yoga would potentially the
best approach for the PTSD population. Finally, future
studies should include long- term follow-up periods to
better establish yoga therapy efficacy.

Conclusion

The current overview, including 11 SR with RCT studies,
highlighted promising results of yoga effectiveness for
management of PTSD symptoms. In collaboration with
clinicians and psychotherapists, this overview suggests
a need for specific yoga programs taking into account
social factors and having a standardized duration of
8 weeks (or more), the objective being to assess not only
PTSD symptoms, but also secondary outcomes such as
pain and physical activity. Future studies should include
long-term follow-up duration and neuroimaging to spe-
cifically delineate efficacy and neuroplasticity in PTSD
patients.

Abbreviations

AMSTAR-2 A measurement tool to assess systematic reviews
CAPS Clinician-administered PTSD scale

CCA Corrected covered area

DSM Diagnostic and statistical manual

GRADE Grading of recommendations, assessment, development
and evaluation

PCL PTSD checklists

PRIO-harms Preferred Reporting Items for Overviews of SR Including
Harms

PTSD Post-traumatic stress disorder

RCT Randomized controlled trial

SBU Swedish agency for health technology assessment and
assessment of social services

SR Systematic review

Supplementary information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512906-023-04074-w.

Additional file 1. Search strategies for databases used in the review.

Additional file 2. Characteristics of excluded studies.

Acknowledgments
We thank Jeffrey Arsham for his proofreading of the manuscript and his sug-
gestions regarding medical writing.

Authors’ contributions

Conceptualization, N.L, AP, M.G.G., and M.B; study selection, N.L., A.P.and M.B,,
data extraction, N.L, AP.and M.G.G,; study quality N.L, M.G.G. and AP; writing
original draft preparation, N.L. and M.B,; writing review and editing, M.M.,

L.G, RD, and PR, supervision, AP, M.G.G. and M.B; All authors have read and
agreed to the published version of the manuscript.

Funding
This research did not receive any funding from agencies in the public, com-
mercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.


https://doi.org/10.1186/s12906-023-04074-w
https://doi.org/10.1186/s12906-023-04074-w

Laplaud et al. BMC Complementary Medicine and Therapies

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

TILFOMER (Institut Limousin de FOrmation Aux Métiers de La Réadaptation),
Université de Limoges, Limoges, France. 2Laboratoire HAVAE, Universite

de Limoges, 20217 Limoges, UR, France. 3Departmen‘[ of Neurosurgery,
Universitair Ziekenhuis Brussel, Laarbeeklaan 101, 1090 Brussels, Belgium.
4STIMULUS Research Consortium (Research and Teaching Neuromodulation
Uz Brussel), Vrije Universiteit Brussel, Laarbeeklaan 103, 1090 Brussels, Belgium.
5Center for Neurosciences (C4N), Vrije Universiteit Brussel, Laarbeeklaan 101,
1090 Brussels, Belgium. °Department of Physiotherapy, Pain in Motion (PAIN)
Research Group, Human Physiology and Anatomy, Faculty of Physical Educa-
tion and Physiotherapy, Vrije Universiteit Brussel, Laarbeeklaan 103, 1090 Brus-
sels, Belgium. 7Departmem of Radiology, Universitair Ziekenhuis Brussel, Laar-
beeklaan 101, 1090 Brussels, Belgium. ®Research Foundation—Flanders (FWO),
1090 Brussels, Belgium. 9Departmem‘[ of Physical and Rehabilitation Medicine,
Poitiers University Hospital, University of Poitiers, 86000 Poitiers, France.
19PRISMATICS (Predictive Research In Spine/Neurostimulation Management
And Thoracic Innovation in Cardiac Surgery), University Hospital of Poitiers,
Poitiers, France. HDepar‘[men‘[ of Spine Neurosurgery & Neuromodulation, Poi-
tiers University Hospital, 86000 Poitiers, France. '2ISAE-ENSMA, Pprime Institute
UPR 3346, CNRS, University of Poitiers, 86000 Poitiers, France.

Received: 7 July 2022 Accepted: 7 July 2023
Published online: 21 July 2023

References

1. American Psychiatric Association, Crocq M-A, Guelfi J-D, et al. DSM-5—
Manuel diagnostique et statistique des troubles mentaux. American Psychi-
atric Association. Se édition. Issy-les-Moulineaux: Elsevier Masson; 2015.

2. Kessler RC, Aguilar-Gaxiola S, Alonso J, Benjet C, Bromet EJ, Cardoso G,
et al. Trauma and PTSD in the who world mental health surveys. Eur J
Psychotraumatology. 2017;8:1353383.

3. Rosenbaum S, Vancampfort D, Steel Z, Newby J, Ward PB, Stubbs B.
Physical activity in the treatment of post-traumatic stress disorder: a
systematic review and meta-analysis. Psychiatry Res. 2015;230:130-6.

4. Watson P. PTSD as a public mental health priority. Curr Psychiatr Rep.
2019;21:61.

5. American Psychological Association. Clinical practice guideline for the
treatment of Posttraumatic Stress Disorder (PTSD) in Adults. Adopted as
APA Policy February 24, 2017. https://www.apa.org/ptsd-guideline.

6. Lewis C, Roberts NP, Gibson S, Bisson JI. Dropout from psychological
therapies for post-traumatic stress disorder (PTSD) in adults: systematic
review and meta-analysis. Eur J Psychotraumatology. 2020;11:1709709.

7. Bisson JI, Berliner L, Cloitre M, Forbes D, Jensen TK, Lewis C, et al. The
international society for traumatic stress studies new guidelines for the
prevention and treatment of posttraumatic stress disorder: methodology
and development process. J Trauma Stress. 2019;32:475-83.

8. Clarke TC, Black LI, Stussman BJ, Barnes PM, Nahin RL. National Center for
Complementary and Alternative Medicine. Trends in the Use of comple-
mentary health approaches among adults: United States. 2002, vol. 2012.

9. Reddy JSK, Roy S. Understanding meditation based on the subjective
experience and traditional goal: implications for current meditation
research. Front Psychol. 2019;10:1827.

10. Taimni IK. The Science of Yoga: The Yoga-Sutras of Patafijali in Sanskrit
with Transliteration in Roman, Translation and Commentary in English.
1961.

11. Csala B, Springinsfeld CM, Koteles F. The relationship between yoga and
spirituality: a systematic review of empirical research. Front Psychol.
2021;12: 695939.

(2023) 23:258

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 14 of 15

Cramer H, Ward L, Steel A, Lauche R, Dobos G, Zhang Y. Prevalence, pat-
terns, and predictors of yoga use. Am J Prev Med. 2016;50:230-5.
Wieland LS, Cramer H, Lauche R, Verstappen A, Parker EA, Pilkington K.
Evidence on yoga for health: a bibliometric analysis of systematic reviews.
Complement Ther Med. 2021;60: 102746.

Bayley-Veloso R, Salmon PG. Yoga in clinical practice. mindfulness.
2016;7:308-19.

Domingues RB. Modern postural yoga as a mental health promoting tool:
a systematic review. Complement Ther Clin Pract. 2018;31:248-55.

Macy RJ, Jones E, Graham LM, Roach L. Yoga for trauma and related
mental health problems: a meta-review with clinical and service recom-
mendations. Trauma Violence Abuse. 2018;19:35-57.

Pollock M, Fernandes R, Becker L, Pieper D, Hartling L. Overviews of
reviews. in: cochrane handbook for systematic reviews of interventions
version 6.2 (updated February 2021). Higgins JPT, Thomas J, Chandler J,
Cumpston M, Li T, Page MJ, Welch VA.

Bougioukas KI, Liakos A, Tsapas A, Ntzani E, Haidich A-B. Preferred report-
ing items for overviews of systematic reviews including harms checklist: a
pilot tool to be used for balanced reporting of benefits and harms. J Clin
Epidemiol. 2018;93:9-24.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred reporting
items for systematic reviews and meta-analyses: the prisma statement.
PLOS Med. 2009;6: €1000097.

Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO
framework to improve searching PubMed for clinical questions. BMC Med
Inform Decis Mak. 2007;7:16.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2:
a critical appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both. The BMJ.
2017;358.

Pieper D, Antoine SL, Mathes T, Neugebauer EA, Eikermann M. Systematic
review finds overlapping reviews were not mentioned in every other
overview. J Clin Epidemiol. 2014. https://doi.org/10.1016/j.jclinepi.2013.
11.007.

Bisson JI, van Gelderen M, Roberts NP, Lewis C. Non-pharmacological
and non-psychological approaches to the treatment of PTSD: results

of a systematic review and meta-analyses. Eur J Psychotraumatology.
2020;11:1795361.

Bjorkman F, Ekblom O. Physical exercise as treatment for ptsd: a system-
atic review and meta-analysis. Mil Med. 2021. https://doi.org/10.1093/
milmed/usab497.

Cramer H, Anheyer D, Saha FJ, Dobos G. Yoga for posttraumatic stress
disorder - a systematic review and meta-analysis. BMC Psychiatry.
2018;18:72.

Gallegos AM, Crean HF, Pigeon WR, Heffner KL. Meditation and yoga for
posttraumatic stress disorder: a meta-analytic review of randomized
controlled trials. Clin Psychol Rev. 2017;58:115-24.

Hilton L, Maher AR, Colaiaco B, Apaydin E, Sorbero ME, Booth M, et al.
Meditation for posttraumatic stress: systematic review and meta-analysis.
Psychol Trauma Theory Res Pract Policy. 2017;9:453-60.

Kysar-Moon A, Vasquez M, Luppen T. Trauma-Sensitive yoga interventions
and posttraumatic stress and depression outcomes among women: a
systematic review and analysis of randomized control trials. Int J Yoga
Ther. 2021. https://doi.org/10.17761/2021-D-20-00005.

Zhu L, Li L, Li X, Wang L. Mind-body exercises for PTSD symptoms,
depression, and anxiety in patients with PTSD: a systematic review and
meta-analysis. Front Psychol. 2022;12: 738211.

Liu C, Beauchemin J, Wang X, Lee MY. Integrative Body-Mind-Spirit
(I-BMS) interventions for posttraumatic stress disorder (ptsd): a review of
the outcome literature. J Soc Serv Res. 2018;44:482-93.

Niles BL, Mori DL, Polizzi C, Pless Kaiser A, Weinstein ES, Gershkovich M,
et al. A systematic review of randomized trials of mind-body interven-
tions for PTSD. J Clin Psychol. 2018;74:1485-508.

Sciarrino NA; de Lucia C; O'Brien K; McAdams K. Assessing the effective-
ness of yoga as a complementary and alternative treatment for post-
traumatic stress disorder: a review and synthesis. J Altern Complement
Med 2017 Oct2310747-755.2017.

Dick AM, Niles BL, Street AE, Dimartino DM, Mitchell KS. Examining
mechanisms of change in a yoga intervention for women: the influence
of mindfulness, psychological flexibility, and emotion regulation on PTSD
symptoms. J Clin Psychol. 2014;70:1170-82.


https://www.apa.org/ptsd-guideline
https://doi.org/10.1016/j.jclinepi.2013.11.007
https://doi.org/10.1016/j.jclinepi.2013.11.007
https://doi.org/10.1093/milmed/usab497
https://doi.org/10.1093/milmed/usab497
https://doi.org/10.17761/2021-D-20-00005

Laplaud et al. BMC Complementary Medicine and Therapies

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

J.Carter J, LGerbarg P, Brown R, Ware R, Katzman M. Multi-component
yoga breath program for vietnam veteran post traumatic stress disorder:
randomized controlled trial. J Trauma Stress Disord Treat. 2013;02.

Lewis C, Roberts NP, Andrew M, Starling E, Bisson JI. Psychological thera-
pies for post-traumatic stress disorder in adults: systematic review and
meta-analysis. Eur J Psychotraumatology. 2020. https://doi.org/10.1080/
20008198.2020.1729633.

Hoskins MD, Bridges J, Sinnerton R, Nakamura A, Underwood JFG, Slater
A, et al. Pharmacological therapy for post-traumatic stress disorder: a
systematic review and meta-analysis of monotherapy, augmentation and
head-to-head approaches. Eur J Psychotraumatology. 2021. https://doi.
0rg/10.1080/20008198.2020.1802920.

Ounajim A, Billot M, Louis P-Y, Slaoui Y, Frasca D, Goudman L, et al. Finite
mixture models based on pain intensity, functional disability and psycho-
logical distress composite assessment allow identification of two distinct
classes of persistent spinal pain syndrome after surgery patients related
to their quality of life. J Clin Med. 2021;10:4676.

Naiditch N, Billot M, Moens M, Goudman L, Cornet P, Le Breton D, et al.
Persistent Spinal Pain Syndrome Type 2 (PSPS-T2), a social pain? Advocacy
for a social gradient of health approach to chronic pain. J Clin Med.
2021;10:2817.

Naiditch N, Billot M, Goudman L, Cornet P, Roulaud M, Ounajim A, et al.
Professional Status of Persistent Spinal Pain Syndrome Patients after
Spinal Surgery (PSPS-T2): what really matters? A prospective study
introducing the concept of “adapted professional activity"inferred from
clinical, psychological and social influence. J Clin Med. 2021;10:5055.
Moens M, Jansen J, De Smedt A, Roulaud M, Billot M, Laton J, et al.
Acceptance and commitment therapy to increase resilience in chronic
pain patients: a clinical guideline. Medicina (Mex). 2022;58:499.

Goyal M, Singh'S, Sibinga EMS, Gould NF, Rowland-Seymour A, Sharma
R, et al. Meditation programs for psychological stress and well-being: a
systematic review and meta-analysis. JAMA Intern Med. 2014;174:357-68.
Creswell JD. Mindfulness Interventions. Annu Rev Psychol.
2017,68:491-516.

Langlois P, Perrochon A, David R, Rainville P, Wood C, Vanhaudenhuyse
A, et al. Hypnosis to manage musculoskeletal and neuropathic chronic
pain: a systematic review and meta-analysis. Neurosci Biobehav Rev.
2022;135:104591.

Billot M, Jaglin P, Rainville P, Rigoard P, Langlois P, Cardinaud N, et al.
Hypnosis program effectiveness in a 12-week home care interven-
tion to manage chronic pain in elderly women: a pilot trial. Clin Ther.
2020;42:221-9.

Dumain M, Jaglin P, Wood C, Rainville P, Pageaux B, Perrochon A, et al.
Long-Term Efficacy of a Home-Care Hypnosis Program in Elderly Per-
sons Suffering From Chronic Pain: A 12-Month Follow-Up. Pain Manag
Nurs. 2021;:51524904221001788.

van Aalst J, Ceccarini J, Demyttenaere K, Sunaert S, Van Laere K. What
has neuroimaging taught us on the neurobiology of yoga? A Review
Front Integr Neurosci. 2020;14:34.

Froeliger B, Garland EL, Kozink RV, Modlin LA, Chen N-K, McClernon FJ,
et al. Meditation-State Functional Connectivity (msFC): strengthening
of the dorsal attention network and beyond. Evid Based Complement
Alternat Med. 2012;2012:1-9.

Villemure C, ACEeko M, Cotton VA, Bushnell MC. Neuroprotective
effects of yoga practice: age-, experience-, and frequency-dependent
plasticity. Front Hum Neurosci. 2015;9.

Hernéndez SE, Suero J, Barros A, Gonzélez-Mora JL, Rubia K. Increased
grey matter associated with long-term sahaja yoga meditation: a
voxel-based morphometry study. PLoS ONE. 2016;11: e0150757.

Gu X, Gao Z, Wang X, Liu X, Knight RT, Hof PR, et al. Anterior insu-

lar cortex is necessary for empathetic pain perception. Brain.
2012;135:2726-35.

Simmons WK, Avery JA, Barcalow JC, Bodurka J, Drevets WC, Bellgowan
P. Keeping the body in mind: Insula functional organization and
functional connectivity integrate interoceptive, exteroceptive, and
emotional awareness: Functional Organization. Hum Brain Mapp.
2013;34:2944-58.

Hariprasad V, Varambally S, Shivakumar V, Kalmady S, Venkatasubrama-
nian G, Gangadhar B. Yoga increases the volume of the hippocampus in
elderly subjects. Indian J Psychiatry. 2013;55:394.

(2023) 23:258

53.

54.

55.

56.
57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

Page 15 of 15

Gothe NP, Hayes JM, Temali C, Damoiseaux JS. Differences in brain struc-
ture and function among yoga practitioners and controls. Front Integr
Neurosci. 2018;12:26.

Gotink RA, Vernooij MW, Ikram MA, Niessen WJ, Krestin GP, Hofman A, et al.
Meditation and yoga practice are associated with smaller right amygdala
volume: the Rotterdam study. Brain Imaging Behav. 2018;12:1631-9.
McEwen BS, Nasca C, Gray JD. Stress effects on neuronal structure: hip-
pocampus, amygdala, and prefrontal cortex. Neuropsychopharmacology.
2016;41:3-23.

McEwen BS. Neurobiological and systemic effects of chronic stress.
Chronic Stress (Thousand Oaks). 2017;1:2470547017692328.

Roozendaal B, McEwen BS, Chattarji S. Stress, memory and the amygdala.
Nat Rev Neurosci. 2009;10:423-33.

Froeliger BE, Garland EL, Modlin LA, McClernon FJ. Neurocognitive cor-
relates of the effects of yoga meditation practice on emotion and cogni-
tion: a pilot study. Front Integr Neurosci. 2012;6.

Hernandez SE, Suero J, Rubia K, Gonzélez-Mora JL. Monitoring the neural
activity of the state of mental silence while practicing Sahaja Yoga medi-
tation. J Altern Complement Med. 2015;21:175-9.

Lin J,Geng X, Lee EH, Chan SK, Chang WC, Hui CL, et al. Yoga reduces the
brain's amplitude of low-frequency fluctuations in patients with early psycho-
sis results of a randomized controlled trial. Schizophr Res. 2017;184:141-2.

. Mishra S, Singh S, Moheb N, Khosa S, Trikamji B. Changes in functional

magnetic resonance imaging with Yogic meditation: a pilot study. AYU
Int Q J Res Ayurveda. 2017;38:108.

Derosiere G, Thura D, Cisek P, Duque J. Hasty sensorimotor decisions rely
on an overlap of broad and selective changes in motor activity. PLOS Biol.
2022,20(4):23001598.

Derosiere G, Duque J. Tuning the corticospinal system: how distributed
brain circuits shape human actions. Neuroscientist. 2020;26(4):359-79.
Derosiere G, Alexandre F, N. Bourdillon, Mandrick K, Ward TE, Perrey S.
Similar scaling of contralateral and ipsilateral cortical responses during
graded unimanual force generation. Neurolmage. 2014,85:471-7.
Derosiere G, Perrey S. Relationship Between Submaximal Handgrip
Muscle Force and NIRS-Measured Motor Cortical Activation. In: Wolf M,
Bucher HU, Rudin M, Van Huffel S, Wolf U, Bruley DF, et al., editors. Oxygen
Transport to Tissue XXXIII. New York, NY: Springer New York; 2012,269-74.
Derosiere G, Billot M, Ward ET, Perrey S. Adaptations of motor neural
structures’ activity to lapses in attention. Cereb Cortex. 2015;25:66-74.
Kjaer TW, Bertelsen C, Piccini P, Brooks D, Alving J, Lou HC. Increased
dopamine tone during meditation-induced change of consciousness.
Cogn Brain Res. 2002;13:255-9.

Ito R, Robbins TW, Everitt BJ. Differential control over cocaine-seeking
behavior by nucleus accumbens core and shell. Nat Neurosci.
2004;7:389-97.

Volkow ND, Wang G-J, Tomasi D, Kollins SH, Wigal TL, Newcorn JH, et al.
Methylphenidate-elicited dopamine increases in ventral striatum are
associated with long-term symptom improvement in adults with atten-
tion deficit hyperactivity disorder. J Neurosci. 2012;32:841-9.

Muehsam D, Lutgendorf S, Mills PJ, Rickhi B, Chevalier G, Bat N, et al. The
embodied mind: A review on functional genomic and neurological cor-
relates of mind-body therapies. Neurosci Biobehav Rev. 2017;73:165-81.
Billot M, Calvani R, Urtamo A, Sénchez-Sanchez JL, Ciccolari-Micaldi C,
Chang M, et al. Preserving mobility in older adults with physical frailty
and sarcopenia: opportunities, challenges, and recommendations for
physical activity interventions. Clin Interv Aging. 2020;15:1675-90.
Casten RJ, Parmelee PA, Kleban MH, Lawton PM, Katz IR. The relation-
ships among anxiety, depression, and pain in a geriatric institutionalized
sample. Pain. 1995,61:271-6.

Parmelee PA, Katz IR, Lawton MP. The relation of pain to depression
among institutionalized aged. J Gerontol. 1991;46:P15-21.

Turk DC, Okifuji A, Scharff L. Chronic pain and depression: role of
perceived impact and perceived control in different age cohorts. Pain.
1995;61:93-101.

Gagliese L, Melzack R. Chronic pain in elderly people. Pain. 1997,70:3-14.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1080/20008198.2020.1729633
https://doi.org/10.1080/20008198.2020.1729633
https://doi.org/10.1080/20008198.2020.1802920
https://doi.org/10.1080/20008198.2020.1802920

	Management of post-traumatic stress disorder symptoms by yoga: an overview
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Method
	Design and protocol
	Search strategy
	Eligibility criteria and selection
	Data extraction
	Study quality assessment
	Overlap

	Results
	Search results
	Description of the included studies
	Participants and interventions
	Outcomes
	PTSD symptoms
	Secondary outcomes, follow-up, safety, adherence, cost

	Comparators
	Methodological quality, risk of bias, quality of evidence and funding


	Discussion
	Limitations

	Conclusion
	Anchor 27
	Acknowledgments
	References


