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Abstract

Objective: Research indicates that cognitive functioning is negatively impacted by exposure to
chronic stress due to overactivation of the stress response. Yoga has demonstrated benefits when
practiced by individuals diagnosed with posttraumatic stress disorder (PTSD). This quasi-
experimental pilot study examined the impact of a yoga intervention on cognitive functioning,
symptoms of PTSD, and the biological stress response in Veterans diagnosed with PTSD.

Method: Cognitive functioning, self-report measures of mental health symptoms, and salivary
cortisol were measured within two weeks prior to beginning and following completion of a 10-
week yoga protocol. Veterans with PTSD participated in gender-specific groups of the yoga
intervention. Paired ftests and correlational analyses were used to analyze quantitative data.

Results: Statistically significant improvements were observed between baseline and
postintervention scores on measures of response inhibition, PTSD, depression, sleep, quality of
life, and subjective neurocognitive complaints. Positive correlations were found between baseline
and postintervention changes in sleep and depression, and between change in cortisol output and a
measure of life satisfaction. Statistically significant differences (baseline to postintervention) for
other objective measures of cognitive performance and cortisol were not detected.

Conclusions: Results provide preliminary support for the practice of yoga to improve cognitive
functioning (response inhibition) related to symptoms of PTSD while also improving mental
health symptoms, sleep, and quality of life. Positive correlations affirm the role of sleep in mood
symptoms and indicate the need for further examination of the role of cortisol in life satisfaction.
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Posttraumatic stress disorder (PTSD) is associated with global impairments in inhibitory
responses—cognitive processes that impact the regulation of neuropsychological and
emotional functioning (Wrocklage et al., 2016). These impairments may be mediated by
dysregulation of the hypothalamic—pituitary—adrenal (HPA) axis, which is common in PTSD
and other mental health conditions (Morris, Compas, & Garber, 2012; Wichmann,
Kirschbaum, Béhme, & Petrowski, 2017). Activation of the HPA axis (the primary
physiological mediator of the body’s stress response) results in the secretion of the adrenal
hormone cortisol (Wichmann et al., 2017). In Veterans, high levels of cortisol are associated
with impairments in cognitive performance (e.g., executive functions, processing speed, and
response inhibition), but the effects of cortisol on cognition in PTSD is complex and less is
known about the relationship among PTSD symptoms, cortisol, and cognitive performance
(i.e., response inhibition; Franz et al., 2011; Wingenfeld & Wolf, 2015).

Cognitive-based psychotherapies and pharmacotherapies are effective PTSD treatments
(Watts et al., 2013). However, research indicates that 60%—72% of patients retain a diagnosis
of PTSD following cognitive processing therapy or prolonged exposure, and dropout rates in
these therapies can be high (Steenkamp, Litz, Hoge, & Marmar, 2015). Mind-body
interventions (e.g., acupuncture, meditation, and yoga) are receiving increasing empirical
attention and support as alternatives. Recent systematic reviews and meta-analyses of yoga
studies indicate that, although only seven randomized controlled trials have been conducted
to date, results for yoga are promising—in some cases with effect sizes comparable to
psychotherapeutic and psychopharmacologic approaches (Cramer, Anheyer, Saha, & Dobos,
2018, Jindani et al., 2108, Mitchell et al., 2014; Reinhardt et al., 2018; van der Kolk et al.,
2014). Within this larger body of evidence examining yoga as an adjunctive therapy for
PTSD, a smaller number of studies use trauma-sensitive (also called trauma-informed) yoga
(TSY) or use physiological outcome measures (Kelly, Evans, Baker, & Taylor, 2018; Nolan,
2016). A key proposed benefit of yoga is the down-regulation of physiological arousal
including HPA axis activation, but less is understood about the stress mechanisms associated
with TSY therapeutic benefits (Kelly et al., 2018).

The current pilot study used TSY that was a hatha-based yoga with modifications for trauma
sensitivity made to instruction style (e.g., using language of invitation and inquiry and
omission of hands-on adjustments), class setup (e.g., use of a semicircle so all participants
can see one another and teacher remains at the front of the classroom), and postures used in
class (e.g., omission of adrenal-activating poses; Emerson, Sharma, Chaudhry, & Turner,
2009). The overall goal was to examine the effects of TSY on response inhibition (as an
indicator of cognitive performance), PTSD symptoms, and cortisol levels (as an indicator of
the stress response) among Veterans diagnosed with PTSD. It was hypothesized that TSY
would improve response inhibition, reduce posttraumatic stress symptoms, and have a
positive impact on cortisol production. To our knowledge, this is the first Veterans Affairs
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(VA) facility study to examine the effect of TSY on measures of mental health changes
accompanying PTSD using a prepost design that incorporated measures of cortisol.

This quasi-experimental pilot study used a prepost design to examine the impact of TSY on
cognitive performance, self-reported symptoms of PTSD, and salivary cortisol levels in
Veterans diagnosed with PTSD. The research was carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) and approved by the
Institutional Review Board at the Veteran Affairs Portland Health Care System
(VAPORHCS).

Seventeen of the 27 enrolled Veterans completed the intervention and postintervention
assessment. Participants who were diagnosed with PTSD (determined by medical chart
review) and had attempted some form of trauma therapy previously (but were not currently
engaged in a trauma processing therapy) were referred by their providers. Participants were
recruited from mental health clinics of the VAPORHCS.

At baseline, participants completed a form requesting information on age, gender, race,
ethnicity, service era, service branch, history of military sexual trauma, years of education,
and comorbidity of other psychiatric conditions. Cognitive performance and mental health
symptoms were assessed at baseline (preintervention) and postintervention. Descriptions,
references, and psychometric properties of all measures, along with the scores/scales used
for analyses, can be found in the online supplemental materials. The Delis-Kaplan Executive
Function System, Color Word Interference Test (DKEFS-CWIT; Delis, Kaplan, & Kramer,
2001), Digit Span (DS) from the Wechsler Adult Intelligence Scale—Fourth Edition
(Wechsler, 2008), and the Trail Making Test A & B (TMT-A & - B; Army Individual Test
Battery, 1944) were administered to assess cognitive performance. Self-report symptom
questionnaires, the PTSD Checklist for DSM-5 (PCL-5; Weathers et al., 2013), the Beck
Depression Inventory—Second Edition (BDI-I1; Beck, Steer, & Brown, 1996), the Multiple
Sclerosis Neuropsychological Questionnaire (MSNQ; Benedict et al., 2004), the Pittsburgh
Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 1989), and the
Satisfaction with Life Scale (SLS; Diener, Emmons, Larsen, & Griffin, 1985) were used to
measure mental health symptoms and quality of life. Cognitive performance measures and
symptom questionnaires were scored and interpreted in accordance with their instruction
manuals. To evaluate participants’ perceptions of the yoga intervention, the Perceived
Benefits of Yoga Questionnaire (see Baker et al., 2015) and a questionnaire developed by the
study team were administered postintervention to collect feedback about the yoga
intervention. Participant feedback is presented in the online supplemental materials.
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Cortisol Measurement

Intervention

Saliva samples (~0.5 mL per sample) were obtained using Salivette for Cortisol Testing
tubes (Starstedt, Germany). Veterans were provided verbal instructions and practice
demonstrations on saliva collection methods; they were given an instructional take-home
sheet with pictures and a description of the saliva collection procedure. Veterans were
instructed to refrigerate collected samples and to keep them refrigerated until they were
ready to bring to the VA lab where samples were processed and stored according to the
manufacturer’s instructions. Refrigeration of samples was a precaution taken although
salivary cortisol samples are relatively stable at a variety of storage conditions and at room
temperature (Nalla, Thomsen, Knudsen, & Frokjaer, 2015). Veterans collected three saliva
samples from the same day (waking, 30 min. post-waking, and bedtime) pre- and
postintervention. Cortisol awakening response (CAR), area under the curve with respect to
increase (AUCI; an indicator of cortisol reactivity), and area under the curve with respect to
the ground (AUCg; an indicator of total systemic cortisol output) were calculated (Clow,
Thorn, Evans, & Hucklebridge, 2004; Pruessner, Kirschbaum, Meinlschmid, & Hellhamer,
2003). Baseline samples were collected within two weeks prior to starting TSY (M= 4 days,
SD = 4.98); postintervention samples were collected within two weeks of completing the
final class (M= 12 days, SD = 6.06). Saliva samples were analyzed in triplicate for cortisol
levels using enzyme-linked immunosorbent assay (ELISA) kits per manufacturer’s
instructions (high sensitivity EIA Kits; Salimetrics, LCC, State College, Pennsylvania).

The TSY intervention protocol consisted of 10 weekly, 60-min sessions; groups were
separated by gender and received identical yoga protocols. The facilitator of the yoga
intervention was a recreational therapist and a registered yoga teacher with additional TSY
training.

Statistical Analyses

Results

Paired ftests were used to examine the treatment effect for all outcome measures. Due to the
small sample size, no corrections for multiple analyses were performed. Effect sizes were
measured using Cohen’s @ (Cohen, 1988). Pearson’s correlations using change scores
(calculated by subtracting the postintervention score from the baseline score except on the
SLS, where a lower score postintervention indicated improvement) were performed to
examine associations between outcome measures. Analyses were performed using STATA
14.2 and SPSS Version 14.2. pvalues less than 0.05 were considered statistically significant.

Twenty-seven men and women Veterans with PTSD were enrolled. Of the final sample (V=
17), 41% endorsed military sexual trauma (85% of women and 10% of men). Of participants
who completed postintervention assessment (male 7= 10 and female 7= 7), 11 attended
eight or more classes, four attended five to seven classes, and two attended three classes.
Table 1 summarizes baseline and postintervention outcome measures. Statistically
significant improvements were found for DKEFS-CWIT (p=.04), PCL-5 (p=.02), BDI-II
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(p=.00), PSQI (p=.01), SLS (p=.01), and MSNQ (p = .01). Statistically significant
differences for the other cognitive measures (TMT-B and DS) and cortisol were not detected.

A correlation matrix was generated to examine the relationships among changes in outcome
measures (Table 2 in the online supplemental materials). Improvements in sleep correlated
significantly with improvements in symptoms of depression (r=.66; p < .05), supporting the
known relationship between sleep and depression. An exploration of the cortisol variables
found that change in total cortisol output (AUCg) was positively correlated with
improvements in life satisfaction (r=.73; p<.01). As would be expected since both are
indicators of cortisol change over time, changes in cortisol measure AUCi correlated with
changes in CAR, r= .66, p<.01. Significant correlations were not found between cortisol
variables and measures of cognitive performance (supplemental Table 2). Qualitative results
are reported in supplemental Tables 3 and 4.

Discussion

The results of this pilot study support TSY as a feasible, acceptable intervention for Veterans
with PTSD. Improvements in quality of life, attendance, and the qualitative responses of the
completers support the acceptance of this intervention for Veterans of various service eras
and branches. It was hypothesized that TSY would improve response inhibition, reduce self-
reported symptoms of PTSD, and improve cortisol output and reactivity. Statistically
significant improvements in response inhibition (but not other measures of cognitive
performance) and self-reported symptoms of PTSD were found. Reported improvements in
sleep and depression may have contributed to better performance on cognitive tasks of
response inhibition. Future studies should use adjusted models controlling for the effects of
these covariates on treatment outcomes while controlling for demographic variables (e.g.,
age and education).

Significant changes in response inhibition, sleep, and depression following TSY were not
accompanied by statistically significant changes in cortisol, but there was a statistically
significant relationship between the change in AUCg and self-reported improvement in life
satisfaction. Cortisol production can be difficult to measure and interpret. One of the
challenges in using salivary cortisol as a biomarker is the large number of confounding
factors that can affect cortisol measurements (e.g., differences in circadian regulation,
comorbid mental and physical health conditions, and other factors; Clow et al., 2004).
Veterans’ diurnal cycles show different patterns than non-veterans (Wahbeh & Oken, 2013).
Furthermore, individuals with PTSD trend toward lower salivary cortisol levels than controls
(Pan, Wang, Wu, Wen, & Liu, 2018). Sample collection frequency and timing are also
important considerations. In the current study, the number of samples collected may have
contributed to a lack of statistically significant differences in cortisol. Given the scope of this
pilot study, additional saliva sample collection was not feasible.

Other studies have used yoga as an intervention to examine functional outcomes correlated
with reductions in PTSD symptomatology, especially hyperarousal, in Veterans populations.
Findings of a randomized, longitudinal study correlated reductions in eyeblink startle with
reductions in hyperarousal symptoms after practicing breathing-based yoga (Seppélé et al.,
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2014). In a pilot study, Veteran participants reported fewer symptoms of hyperarousal, which
correlated with improved sleep quality after participating in a yoga intervention (Staples,
Hamilton, & Uddo, 2013). This study adds to the existing body of literature by examining
the relationship of another type of yoga intervention (TSY), proposed to downregulate
physiological arousal, and improvements in functional outcomes (Jindani, Turner, & Khalsa,
2015; Reinhardt et al., 2018). Given the heterogeneity in the content of different yoga
interventions used in trauma populations, more research is needed to determine which
intervention type(s) are most efficacious in reducing PTSD symptoms and regulating stress
responses/HPA axis function with correlated improvements in functioning.

Results of this study are limited by a small sample size, potential self-report bias, demand
characteristics that may have affected posttreatment responses, practice effects on the
DKEFS-CWIT, reliance on historical diagnosis of PTSD, and potential lack of compliance
with collection and storage of saliva. Statistical methods and other elements of the study
design were selected keeping such limitations in mind and in an attempt to address them
where possible. This project focused on Veterans with PTSD; thus, results are not
necessarily generalizable to a non-veteran population.

Despite the limitations, this pilot study adds to existing literature and indicates that yoga
interventions, like TSY, may improve response inhibition, PTSD symptoms, sleep quality,
depression symptoms, and subjective cognitive complaints.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This material is the result of work supported with resources and the use of facilities at Veterans Affairs Portland
Health Care System, Oregon Health & Science University, and the Methamphetamine Research Center (NIDA
P50DA018165), Portland, Oregon. This work was supported in part by the U.S. Department of Veterans Affairs
Biomedical Laboratory Research and Development Merit Review Grant (101 BX002061) to Jennifer M. Loftis and
with resources and the use of facilities at the Veterans Administration Portland Health Care System. Belle Zaccari
(Psychologist: Mental Health & Clinical Neurosciences), Megan L. Callahan (Psychologist: Mental Health &
Clinical Neurosciences), Daniel Storzbach (Neuropsychologist: Mental Health & Clinical Neurosciences), Nancy
McFarlane (Recreational Therapist: Mental Health & Clinical Neurosciences). Rebekah Hudson (Biological
Science Lab Technician: Research & Development), Jennifer M. Loftis (Research Scientist: Research &
Development) acknowledge their appointments at the Veterans Affairs Portland Health Care System, Portland,
Oregon. The contents of this article do not represent the views of the U.S. Department of Veterans Affairs or the
United States government. All authors approved this article submission. There are no conflicts of interest to report.

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th
ed.). Arlington, VA: American Psychiatric Publishing.

Army Individual Test Battery. (1944). Manual of directions and scoring. Washington, DC: War
Department, Adjutant General’s Office.

Arnau RC, Meagher MW, Norris MP, & Bramson R (2001). Psychometric evaluation of the Beck
Depression Inventory-11 with primary care medical patients. Health Psychology, 20, 112-119.
10.1037/0278-6133.20.2.112 [PubMed: 11315728]

Psychol Trauma. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zaccari et al.

Page 7

Baker MR, Tessier JM, Meyer HB, Sones AC, Sachinvala N,& Ames D (2015). Yoga-based classes for
veterans with severe mental illness: Development, dissemination, and assessment. Federal
Practitioner, 32, 19-25. Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6364818/

Beck AT, Steer RA, & Brown GK (1996). Beck Depressioninventory —II. San Antonio, TX: Harcourt
Brace.

Benedict RHB, Cox D, Thompson LL, Foley F, Weinstock-Guttman B, & Munschauer F (2004).
Reliable screening for neuropsychological impairment in multiple sclerosis. Multiple Sclerosis, 10,
675-678. 10.1191/1352458504ms10980a [PubMed: 15584493]

Bovin MJ, Marx BP, Weathers FW, Gallagher MW, Rodriguez P, Schnurr PP, & Keane TM (2016).
Psychometric properties of the PTSD Checklist for Diagnostic and Statistical Manual of Mental
Disorders—Fifth Edition (PCL-5) in veterans. Psychological Assessment, 28, 1379-1391. 10.1037/
pas0000254 [PubMed: 26653052]

Buysse DJ, Reynolds CF, Monk TH, Berman SR, & Kupfer DJ(1989). The Pittsburgh Sleep Quality
Index: A new instrument for psychiatric research and practice. Psychiatry Research, 28, 193-213.
10.1016/0165-1781(89)90047-4 [PubMed: 2748771]

Clow A, Thorn L, Evans P, & Hucklebridge F (2004). The awakening cortisol response:
Methodological issues and significance. Stress, 7, 29-37. 10.1080/10253890410001667205
[PubMed: 15204030]

Cohen J (1988). The t test for means Statistical Power Analysis for the Behavioral Sciences (2nd ed.,

pp. 19-74). Hillsdale, NJ: Erlbaum.

Cramer H, Anheyer D, Saha FJ, & Dobos G (2018). Yoga for posttraumatic stress disorder—A
systematic review and meta-analysis. BMC Psychiatry, 18, 72 10.1186/s12888-018-1650-x
[PubMed: 29566652]

Delis DC, Kaplan E, & Kramer JD (2001). Delis-Kaplan Executive Function System: Technical
manual. San Antonio, TX: Harcourt Assessment Company.

Diener E, Emmons RA, Larsen RJ, & Griffin S (1985). The Satisfaction With Life Scale. Journal of
Personality Assessment, 49, 71-75. 10.1207/s15327752jpa4901_13 [PubMed: 16367493]

Dikmen SS, Heaton RK, Grant I, & Temkin NR (1999). Test-retest reliability and practice effects of
expanded Halstead-Reitan Neuropsychological Test Battery. Journal of the International
Neuropsychological Society, 5, 346-356. 10.1017/S1355617799544056 [PubMed: 10349297]

Emerson D, Sharma R, Chaudhry S, & Turner J (2009). Trauma-sensitive yoga: Principles, practice,
and research. International Journal of Yoga Therapy, 19, 123-128. 10.17761/
ijyt.19.1.h6476p8084122160

Franz CE, O’Brien RC, Hauger RL, Mendoza SP, Panizzon MS, Prom-Wormley E, ... Kremen WS
(2011). Cross-sectional and 35-year longitudinal assessment of salivary cortisol and cognitive
functioning: The Vietnam Era twin study of aging. Psychoneuroendocrinology, 36, 1040-1052.
10.1016/j.psyneuen.2011.01.002 [PubMed: 21295410]

Jindani F, Turner N, & Khalsa SBS (2015). A yoga intervention for posttraumatic stress: A preliminary
randomized control trial. Evidence-based Complementary and Alternative Medicine, 2015, 351746
10.1155/2015/351746 [PubMed: 26366179]

Kelly UA, Evans DD, Baker H, & Taylor JN (2018). Determining psychoneuroimmunologic markers
of yoga as an intervention for persons diagnosed with PTSD: A systematic review. Biological
Research for Nursing, 20, 343-351. 10.1177/1099800417739152 [PubMed: 29130314]

Mitchell KS, Dick AM, DiMartino DM, Smith BN, Niles B, Koenen KC, & Street A (2014). A pilot
study of a randomized controlled trial of yoga as an intervention for PTSD symptoms in women.
Journal of Traumatic Stress, 27, 121-128. 10.1002/jts.21903 [PubMed: 24668767]

Morris MC, Compas BE, & Garber J (2012). Relations among posttraumatic stress disorder, comorbid
major depression, and HPA function: A systematic review and meta-analysis. Clinical Psychology
Review, 32, 301-315. 10.1016/j.cpr.2012.02.002 [PubMed: 22459791]

Najavits L (2002). Seeking safety: A treatment manual for PTSD and substance abuse. New York, NY:
Guilford Press.

Nalla AA, Thomsen G, Knudsen GM, & Frokjaer VG (2015). The effect of storage conditions on
salivary cortisol concentrations using an enzyme immunoassay. Scandinavian Journal of Clinical
and Laboratory Investigation, 75, 92-95. 10.3109/00365513.2014.985252 [PubMed: 25510953]

Psychol Trauma. Author manuscript; available in PMC 2021 November 01.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6364818/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zaccari et al.

Page 8

Nolan CR (2016). Bending without breaking: A narrative review of trauma-sensitive yoga for women
with PTSD. Complementary Therapies in Clinical Practice, 24, 32-40. 10.1016/j.ctcp.2016.05.006
[PubMed: 27502798]

Pan X, Wang Z, Wu X, Wen SW, & Liu A (2018). Salivary cortisol in post-traumatic stress disorder: A
systematic review and meta-analysis. BMC Psychiatry, 18, 324 10.1186/s12888-018-1910-9
[PubMed: 30290789]

Pruessner JC, Kirschbaum C, Meinlschmid G, & Hellhamer DH(2003). Two formulas for computation
of the area under the curve represent measures of total hormone concentration versus time-
dependent change. Psychoneuroendocrinology, 28, 916-931. 10.1016/S0306-4530(02)00108-7
[PubMed: 12892658]

Quiroga MC, Kreutz G, Clift S, & Bongard S (2010). Shall we dance? An exploration of the perceived
benefits of dancing on wellbeing. Arts & Health: An Internatinal Journal of research. Policy &
Practice, 2 149-163. 10.1080/17533010903488582

Reinhardt KM, Noggle Taylor JJ, Johnston J, Zameer A, Cheema S, & Khalsa SBS (2018). Kripalu
yoga for military veterans with PTSD: A randomized trial. Journal of Clinical Psychology, 74, 93—
108. 10.1002/jclp.22483 [PubMed: 28524358]

Royan J, Tombaugh TN, Rees L, & Francis M (2004). The Adjusting-Paced Serial Addition Test
(Adjusting-PSAT): Thresholds for speed of information processing as a function of stimulus
modality and problem complexity. Archives of Clinical Neuropsychology, 19, 131-143. 10.1093/
arclin/19.1.131 [PubMed: 14670386]

Seppdld EM, Nitschke JB, Tudorascu DL, Hayes A, Goldstein MR, Nguyen DT, ... Davidson RJ
(2014). Breathing-based meditation decreases posttraumatic stress disorder symptoms in U.S.
military veterans: A randomized controlled longitudinal study. Journal of Traumatic Stress, 27,
397-405. 10.1002/jts.21936 [PubMed: 25158633]

Staples JK, Hamilton MF, & Uddo M (2013). A yoga program for the symptoms of post-traumatic
stress disorder in veterans. Military Medicine, 178, 854-860. 10.7205/MILMED-D-12-00536
[PubMed: 23929045]

Steenkamp MM, Litz BT, Hoge CW, & Marmar CR (2015). Psychotherapy for military-related PTSD:
A review or randomized clinical trials. Journal of the American Medical Association, 314, 489—
500. 10.1001/jama.2015.8370 [PubMed: 26241600]

van der Kolk BA, Stone L, West J, Rhodes A, Emerson D, Suvak M, & Spinazzola J (2014). Yoga as
an adjunctive treatment for posttraumatic stress disorder: A randomized controlled trial. The
Journal of Clinical Psychiatry, 75, e559-e565. 10.4088/JCP.13m08561 [PubMed: 25004196]

Wahbeh H, & Oken BS (2013). Salivary cortisol lower in posttraumatic stress disorder. Journal of
Traumatic Stress, 26, 241-248. 10.1002/jts.21798 [PubMed: 23529862]

Wiatts BV, Schnurr PP, Mayo L, Young-Xu Y, Weeks WB, &Friedman MJ (2013). Meta-analysis of the
efficacy of treatments for posttraumatic stress disorder. The Journal of Clinical Psychiatry, 74,
e541-e550. 10.4088/JCP.12r08225 [PubMed: 23842024]

Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, & Schnurr PP (2013). The PTSD Checklist
for DSM-5 (PCL-5). Scale available from the National Center for PTSD at www.ptsd.va.gov

Wechsler D (2008). Wechsler Adult Intelligence Scale—Fourth Edition Digit Span Subtest. San
Antonio, TX: Pearson.

Wichmann S, Kirschbaum C, Béhme C, & Petrowski K (2017). Cortisol stress response in post-
traumatic stress disorder, panic disorder, and major depressive disorder patients.
Psychoneuroendocrinology, 9(83), 135-141. doi:10.1016/jpsyneuen.2017.06.005

Wingenfeld K, & Wolf OT (2015). Effects of cortisol on cognition in major depressive disorder,
posttraumatic stress disorder and borderline personality disorder. Psychoneuroendocrinology, 51,
282-295. 10.1016/j.psyneuen.2014.10.009 [PubMed: 25462901]

Wortmann JH, Jordan AH, Weathers FW, Resick PA, Dondan-ville KA, Hall-Clark B, ... Litz BT
(2016). Psychometric analysis of the PTSD Checklist-5 (PCL-5) among treatment-seeking military
service members. Psychological Assessment, 28, 1392-1403. 10.1037/pas0000260 [PubMed:
26751087]

Wrocklage KM, Schweinsburg BC, Krystal JH, Trejo M, Roy A Weisser V, ... Scott JC (2016).
Neuropsychological Functioning in veterans with posttraumatic stress disorder: Associations with

Psychol Trauma. Author manuscript; available in PMC 2021 November 01.


http://www.ptsd.va.gov

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zaccari et al.

Page 9

performance validity, comorbidities, and functional outcomes. Journal of the International
Neuropsychological Society, 22, 399-411. 10.1017/S1355617716000059 [PubMed: 26892753]

Psychol Trauma. Author manuscript; available in PMC 2021 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zaccari et al.

Page 10

Clinical Impact Statement

Individuals with PTSD report social, emotional, and cognitive problems related to living
with this disorder. Overactivity of the stress response contributes to these problems.
Research examining the therapeutic effects of yoga identifies positive changes to the
stress response that are associated with improvements in daily functioning (e.g., sleep,
memory, concentration). The current study offered trauma-sensitive yoga to Veterans
with PTSD and found improvements in response inhibition, depression, sleep, and life
satisfaction after participating in yoga. These findings add to the body of literature
supporting yoga as a promising intervention for symptoms of trauma with widespread
benefits to functioning.
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