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Abstract

Objectives—This study evaluates the effects of treatment with mindfulness-based stress 

reduction (MBSR) compared to the active control, present-centered group therapy (PCGT), on 

morning plasma cortisol, interleukin-6 (IL-6), and C-reactive protein (CRP) in veterans diagnosed 

with post-traumatic stress disorder (PTSD).

Methods—In a post hoc exploratory analysis, we pooled biomarkers and clinical outcomes of 

mindfulness, PTSD, and depression from two randomized controlled trials comparing MBSR (n 
= 104) to PCGT (n = 106) in U.S. military veterans diagnosed with PTSD. Linear mixed-effects 

modeling was used to evaluate associations between changes in biomarkers and clinical outcomes 

from baseline to 9-week primary endpoint and 16-week follow-up endpoint.

Results—Cortisol levels were inversely related to self-reported PTSD symptoms at baseline (p = 

0.02). Cortisol increased from baseline to 9-week endpoint for both groups, but significantly less 

so in the MBSR group compared to PCGT group (mean difference 1.69 ± 0.8 SE; p = 0.035). 

Changes in IL-6 and CRP did not differ between groups at either baseline or week 9. From 

baseline to week 9, increased mindfulness was significantly associated with increased cortisol 

(p = 0.02) and decreased PTSD and depression severity (p < 0.01). Increased IL-6 and CRP 

were significantly associated with decreased PTSD severity (p < 0.05), but not depression. Pooled 

analysis corroborated earlier findings that MBSR is significantly better than PCGT in improving 

clinical outcomes. Increased mindfulness was strongly associated with improved symptoms.

Conclusions—Increased mindfulness is associated with a recalibration of cortisol levels which 

may be indicative of therapeutic response, especially in patients with lower baseline cortisol. 

Furthermore, mindfulness-based practices improve symptoms of PTSD and depression in a 

significant correlation with self-reported levels of mindfulness.

Clinical Trial Registration (clinicaltrials.gov)—NCT01532999 and NCT01548742.
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Post-traumatic stress disorder (PTSD) is characterized by dysregulated physiologic, 

behavioral, and cognitive responses to triggering stimuli following a life-threatening, 

traumatic event. PTSD is accompanied by deleterious changes to mood, sleep, and social 

interactions, and is associated with increased medical morbidity, such as cardiovascular 

disease, metabolic disorders, muscular skeletal pain, and gastrointestinal complaints (Pacella 

et al., 2013). PTSD has a global lifetime prevalence of 6% in civilians (4% for men and 

8% for women) and 8 to 17% in military populations (Goldstein et al., 2016; Lehavot et 
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al., 2018); furthermore, half of these cases persist long term in the absence of treatment 

(Watson, 2019). United States (U.S.) military populations, such as Vietnam War veterans, 

living with PTSD have a twofold increase in age-related mortality related to both primary 

illness and health conditions (Watson, 2019).

PTSD symptoms involve a freeze, fight, or flight response, classically characterized by 

increased sympathetic autonomic function and acute changes in neuroendocrine function. 

A number of processes are implicated as predispositions to and/or downstream effects of 

PTSD, beginning with the sympathetic-adrenal medullary system which initiates the cascade 

of catecholamines and cardiovascular response to stress, the hypothalamic–pituitary–adrenal 

(HPA) axis which works in tandem with the catecholamine responses to stress, and the 

downstream immune system which can result in elevated circulating inflammatory markers 

(Pace & Heim, 2011). The amygdala circuits play an enormous role in regulating stress 

responses, particularly the HPA axis; however, chronic stress can lead to structural and 

functional remodeling of amygdala outputs to cortical and subcortical regions that result in 

heightened anxiety-related behaviors (Zhang et al., 2021). PTSD has been associated with 

HPA dysregulation in terms of higher levels of corticotropin-releasing hormone, age-related 

lower circulating cortisol levels, a flattening of diurnal cortisol patterns, and enhanced 

glucocorticoid sensitivity (Morris et al., 2016; Pace & Heim, 2011; Speer et al., 2019). 

Cortisol, secreted by the zona fasciculata in the adrenal cortex, is the end product of the 

HPA axis, with myriad effects intended to maintain homeostasis under conditions of threat. 

These functions include elevation of blood pressure, promotion of insulin resistance and 

higher blood glucose, and immune function suppression (Lee et al., 2015). Cortisol is 

secreted in a diurnal rhythm, rising before awakening, peaking shortly thereafter (a period 

of the rhythm called the cortisol awakening response), and declining throughout the day 

into the nighttime. Cortisol exerts negative feedback on its synthesis at the hypothalamus 

(secreting corticotropin-releasing hormone) and at the pituitary gland (which secretes 

adrenocorticotropic hormone). Some studies have shown cortisol to be low or unchanged 

at baseline with exaggerated responses to mental stress (Bremner et al., 2003; Elzinga et 

al., 2003) and traumatic scripts (Speer et al., 2019). The paradoxical findings of “low” or 

“flattened” (lower morning cortisol) in more stressed individuals has been hypothesized 

to be a result of chronic stress, in which prolonged exposure to high cortisol strengthens 

the inhibitory feedback of the HPA axis; these changes are associated withdrawal and 

disengagement behaviors, maladaptive to normal living and leaving the patient unable to 

skillfully manage life stressors (Miller et al., 2007). Inflammatory marker alterations include 

elevated interleukin-6 (IL-6) in survivors of life-threatening fires, motor vehicle accidents, 

and myocardial infarction, and a twofold increase in C-reactive protein (CRP) in patients 

with PTSD compared to healthy controls (Pace & Heim, 2011). Increased IL-6 responses 

to mental stress and traumatic scripts have been associated with PTSD (Bremner et al., 

2020). In a cohort of approximately 2600 U.S. Marines deployed to warzones, higher pre-

deployment CRP levels were predictive of post-deployment PTSD symptoms, suggesting 

inflammatory factors predisposing or mediating the development of PTSD (Eraly et al., 

2014).

As such, it is plausible that interventions stabilizing these systems, as assessed by biomarker 

correlates, may be particularly advantageous both in attenuating further propagation of the 
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neuropsychological processes of PTSD and in downstream neurohormonal-inflammatory 

effects associated with significant morbidity and mortality. For example, mindfulness-based 

stress reduction (MBSR) and yoga asana interventions have been shown to decrease cortisol 

levels; MBSR, but not non-MBSR yoga, has been shown to decrease IL-6 (Pascoe et al., 

2017). One uncontrolled pilot study found a decrease in IL-6 was associated with the 

amount of session attendance in MBSR treatment in women with a history of interpersonal 

trauma before the age of 18 and current high perceived stress levels (i.e., not necessarily 

diagnosed with PTSD) (Gallegos et al., 2015).

MBSR combines meditative practice, body awareness, postural yoga practices (asanas), and 

non-judgmental attentiveness to thoughts and feelings to promote qualities of mindfulness. 

Mindfulness is defined by metrics, such as the Five Facet Mindfulness Questionnaire 

(FFMQ) that includes aspects of nonjudgment, awareness, nonreactivity, description, and 

observation (Carpenter et al., 2019; Cushing et al., 2018). Mindfulness resulting from 

MBSR or yoga practice has been shown in a meta-analysis to be associated with significant 

reduction in symptoms of depression, generalized anxiety disorder, and PTSD (Pascoe 

et al., 2017). Mindfulness may be particularly helpful not only in mitigating rumination, 

anxiety, and anhedonia associated with PTSD, but may promote nonjudgmental responses 

to stimuli that usually trigger avoidant reactions (Boyd et al., 2018). In veteran populations, 

mindfulness strategies have shown to be effective in alleviating PTSD symptom severity in 

diverse applications and settings (Boyd et al., 2018; Cushing et al., 2018; Davis et al., 2019; 

Polusny et al., 2015; Possemato et al., 2016). In a recent small sample of sexual minority 

young adults without mention of trauma or diagnosis, Manigault et al. (2017) used Internet-

based survey to measure mindfulness using the Five Facet Mindfulness Inventory-Short 

Form and pre-paid return mailer to collect salivary samples to measure morning, mid-day, 

and bedtime cortisol levels. The investigators found that a greater level of mindful awareness 

was associated with a smaller awakening cortisol response, whereas a greater level of 

mindful acceptance was associated with a more robust morning cortisol response and a 

sharper decrease in the evening. These pilot data suggest that there may be an association 

between elements of mindfulness and diurnal cortisol patterns.

No actively controlled study has examined IL-6, CRP, and cortisol response to MBSR in the 

treatment of PTSD. The purpose of this study was to assess the effects of MBSR compared 

to an active control, called present-centered group therapy (PCGT), on the biomarkers IL-6, 

CRP, and cortisol in US military veterans diagnosed with PTSD. As this was a secondary 

analysis, we hypothesized that MBSR would be superior to PCGT in behavioral outcomes, 

and without hypothesizing directionality, that a change in biomarkers (cortisol, CRP, and 

IL-6) would be associated with improved PTSD clinical outcomes.

Methods

Participants

U.S. military veterans of any era who signed informed consent without requiring a surrogate 

or legal representative and who were 18 years of age or older; who were diagnosed with 

PTSD based on the Clinician-Administered PTSD Scale for DSM-IV (Blake et al., 1995); 

who agreed to remain on a stable regime of psychoactive medications for those on these 
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medications at baseline; who agreed to refrain from evidence-based psychotherapies during 

the 8-week treatment; who were not currently suicidal, homicidal, or psychotic; and who 

were not diagnosed with current substance dependence (except for nicotine or caffeine), 

bipolar I disorder, any psychotic disorder, severe cognitive disorders, or a serious, unstable 

medical condition were included in the study.

Data pooled from both sites yielded a total of 210 subjects (Tuscaloosa n = 94; Minneapolis 

n = 116) randomized to either PCGT (n = 106) or MBSR (n = 104). As shown in Table 

1, the cohort was mostly White, non-Hispanic, and male; had an average age of 55; 

and were represented by various military service periods of varying lengths with strong 

representation of Vietnam War veterans. Given the usual demographics of the U.S. veteran 

population, women (16%) and minorities (39%) were well-represented in this sample. 

Baseline demographics did not differ between groups.

Procedures

Interventions—The delivery of manualized MBSR (Kabat-Zinn, 1990) and PCGT 

(Schnurr et al., 2003) was provided by trained facilitators. Sessions were audio 

(Tuscaloosa)- or video (Minneapolis)- recorded for rigorous fidelity monitoring. Briefly, 

MBSR consisted of 8 weekly small group sessions (i.e., 2 to 8 participants/group) lasting 

2.5 h/session at the Minneapolis site and 1.5 h/session at the Tuscaloosa site, and a 6- to 

6.5-h silent retreat at approximately week 6. Participants received training in mindfulness 

(i.e., attending to the present moment feelings, thoughts, and sensations in a nonjudgmental 

and accepting way with an emphasis on awareness of breathing) through (a) body scan 

meditation, (b) sitting meditation, and (c) mindful stretching or yoga exercises practiced and 

intended to develop mindful awareness during movement. Participants were encouraged to 

practice at home with the aid of guided meditation recordings. The silent retreat included 

extended practice of the mindfulness body scan, sitting, walking, stretching, and eating that 

were learned in the weekly group sessions.

PCGT small groups met for 8 weekly 1.5-h sessions and the Tuscaloosa site provided a 1-h 

lunch gathering prior to week 8. The primary elements of PCGT included psychoeducation 

of PTSD symptoms, expectations of symptom reduction, strategies to decrease isolation, 

supportive sharing and problem-solving in a safe and nonjudgmental peer group, discussion 

to increase awareness of how PTSD affects the daily lives of each group member, and 

sharing perspectives about the effects of PTSD on each participant’s life. The PCGT 

participants kept a journal as their homework assignment.

Data Collection—Biomarkers and clinical outcomes from two randomized controlled 

trials (Davis et al., 2019; Polusny et al., 2015) comparing MBSR to PCGT for the treatment 

of PTSD in U.S. military veterans were pooled for this analysis. The pooled analysis 

included the Tuscaloosa Veterans Affairs (VA) Medical Center and Minneapolis VA Health 

Care System sites. Two sites from the Davis et al. (2019) study were excluded from the 

pooled analysis due to a freezer failure at one site (resulting in the loss of all baseline 

samples) and lack of collection of samples at the other site (resulting in only five of 57 

subjects with baseline values of which only two had follow-up values). Both sites included 
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in the analysis obtained local Institutional Review Board and Research and Development 

Committee approvals prior to engaging in human subject research and were monitored by 

an independent VA data and safety monitoring board. After reviewing and explaining the 

purpose, procedures, risks, benefits, and alternatives to treatment, all participants signed 

informed consent and privacy authorization prior to participating in research procedures. 

Data collection occurred between January 2012 and April 2014.

Measures

PTSD Checklist (Weathers et al., 1993)—This 17-item self-report scale was used to 

evaluate PTSD symptom severity. Examinees were instructed to use a 5-point (options 1–5) 

scale to rate how much they had been troubled by each symptom over the past month. 

PTSD symptom severity can be determined on a continuous scale by summing up the values 

across the seventeen responses. Weathers et al. (1993) reported good internal consistency, 

with an alpha coefficient of 0.90 for “B” symptoms, 0.89 for “C” symptoms, 0.91 for “D” 

symptoms, and 0.96 for all 17 symptoms.

Clinician Administered PTSD Scale for DSM-IV (Blake et al., 1995)—This 

clinician-administered scale was used to evaluate PTSD diagnosis and symptom severity 

and was administered by an independent assessor who remained blind to the treatment 

assignment. The three symptom clusters are assessed with 17 symptom questions. Four-

point scales are used for both frequency (scale 0 = “none of the time” to 4 = “most or all of 

the time”) and intensity (scale 0 = “none” to 4 = “extreme”). Frequency and intensity scores 

of 1 and 2 are required for that symptom to meet the corresponding criterion for PTSD 

diagnosis, requiring 1 “B” criteria, 3 “C” criteria, and 2 “D” criteria overall. A severity score 

for each symptom is calculated by summing the frequency and intensity scores. Blake et 

al. (1995) reported test–retest reliabilities ranging from 0.77 to 0.96 for the three symptom 

clusters and from 0.90 to 0.98 for the 17-item core symptom scale.

Five Facet Mindfulness Questionnaire–Self Report (Baer et al., 2006, 2008)
—This 39-item self-report instrument was used to assess 5 facets of mindfulness, 

i.e., observing, describing, acting with awareness, non-judging of inner experience, and 

nonreactivity to inner experiences. Items are rated on a 5-point Likert-type scale ranging 

from 1 (never or very rarely true) to 5 (very often or always true). Baer et al. (2008) reported 

alpha coefficients for all facets in all samples as adequate to good (range 0.72 to 0.92), 

with the exception of the nonreactivity to internal experience facet in the student sample, for 

which alpha was 0.67.

Patient Health Questionnaire–9-Item Self Report (Kroenke et al., 2001)—This 

9-item self-report instrument was used to evaluate severity of depression, with a 3-point 

scale to establish frequency (scale 0 = not at all, 3 = nearly every day). As a severity 

measure, the scores from each item may be summed (with a range of 0 to 27). Kroenke et 

al. (2001) reported excellent internal reliability with an alpha coefficient of 0.89 in the PHQ 

Primary Care Study and 0.86 in the PHQ Ob-Gyn Study.
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Regarding our rating scales, our dataset did not have access to the individual responses for 

each item, such that we are unable to report Cronbach alpha values. All instruments used 

have been previously validated with measures of internal reliability as stated above.

Either the Mini-International Neuropsychiatric Inventory for DSM-IV (Tuscaloosa) 

(Sheehan et al., 1998) or the Structured Clinical Interview for DSM-IV (Minneapolis) (First 

et al., 2002) was administered by a trained clinician at baseline to document PTSD and 

comorbid psychiatric disorders. Outcomes were assessed at baseline, at 3-week intervals 

during treatment (weeks 3 and 6), after treatment (week 9), and at 16-week follow-up (= ± 7 

days).

Biomarkers—Blood samples were collected between 08:00 and 12:00 at baseline, week 3 

(Tuscaloosa site only), 9-week end of treatment (collected at week 9 ± 7 days), and 16-week 

follow-up (collected at week 16 ± 7 days) for assessment of cortisol, CRP, and IL-6 levels. 

Time of collection was not recorded and as such is not included in analysis. Participants 

with known immunological conditions or taking medications that significantly alter immune 

function were excluded from the biosampling. Participants with CRP values > 10 mg/L, an 

upper limit frequently used in clinical practice, were excluded from the biomarker analysis 

given that such values often result from non-steady state, acute infectious, or inflammatory 

processes. At week 0, this excluded 4 participants in the PCGT group and 7 in the MBSR; 

5 and 7 (respectively) at week 9; and 4 and 7 (respectively) at week 16. Samples for 

cortisol and IL-6 were collected, centrifuged, and remained frozen at each site at − 80 

°C until shipment to a central laboratory at the University of Arizona for processing. 

Plasma samples were batch assayed for cortisol using enzyme-linked immunosorbent assay 

(ELISA) kits made by IBL (Hamburg, Germany), following procedures of the manufacturer. 

Plasma samples were batch assayed for IL-6 using ELISA kits made by R&D Systems 

(Minneapolis, MN) according to the manufacturer’s instructions. For the IL-6 ELISA, 

samples were transferred from loading plates onto assay plates with assay buffer using a 

TomTec Quadra Tower (TomTec, Hamden, CT, USA). An automatic plate washer (Tecan 

96PW, Tecan, Männerdorf, Switzerland) was used for both the cortisol and IL-6 ELISA. 

Quality controls were included in each IL-6 assay, and factory controls were included in 

each cortisol assay. Intra- and inter-assay coefficients of variation were 7.3% and 8.3%, 

respectively, for the cortisol ELISA and 7.3% and 12.2%, respectively, for the IL-6 ELISA. 

CRP levels were measured on an Abbott Autoanalyzer using an immunoturbidimetric 

method at the local VA CLIA-certified laboratory.

Data Analyses

Using a blocking strategy and stratification rules, randomization was 1:1 allocation. 

Analyses adhered to intent-to-treatment principle for the Minneapolis site (i.e., all 

randomized participants included) and a modified intent-to-treat principle for the Tuscaloosa 

site (i.e., only randomized participants who attended at least one group therapy session 

included). To examine the balance across randomized treatment conditions, baseline 

demographics and clinical characteristics for the two conditions (MBSR vs. PCGT control) 

were compared using t-tests for the continuous variables, Wilcoxon tests for ordinal 

variables, and chi-square tests for categorical variables. Unless stated otherwise, each 

Shapira et al. Page 7

Mindfulness (N Y). Author manuscript; available in PMC 2023 March 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



statistical test was conducted with a two-tailed alpha level of 0.05. For purposes of all 

analyses, primary outcomes were assessed at week 9 (the end of acute phase treatment) and 

week 16 (end of post-treatment follow-up). Statistical modeling was done using R v 4.1.1; 

mixed models were fit using the lme4 package, with p values from the lmerTest package, 

and estimated marginal means from package lsmeans (Bates et al., 2015; Kuznetsova et al., 

2017; Lenth, 2016; R Core Team, 2021).

Mixed-effects linear regression analysis was used to compare MBSR and PCGT treatment 

conditions on the changes in PTSD, depression, mindfulness, and biomarker values over the 

course of the trial. Each model included up to 4 repeated assessments of the change in the 

outcome from baseline as the dependent variable (weeks 3, 6, 9, and 16). The models were 

adjusted for the baseline measure and included random effects for participant and site with 

fixed effects for treatment condition and time. To faithfully model temporal trends, time was 

treated as categorical and a treatment by time interaction was included. Differences between 

groups at 9 weeks were tested using predicted marginal means (also called LS means). LS 

means were derived from the mixed-effects regression models. The decision rule called for 

rejection of the null hypothesis of no treatment effect if the contrast comparing predicted 

marginal means between groups at 9 weeks was statistically significant (two-tailed α = 

0.05).

To test whether our model-based findings are sensitive to influential or outlying 

observations, we conducted a parallel set of mixed effects regression models using 

Winsorized data, where observed “extreme” values were replaced with values that are closer 

to the mean. Thus, for each change outcome, we calculated the 2.5% and 97.5% percentiles 

of the outcome grouped by site, study arm, and week. Each observation either less than 

the 2.5% percentile or greater than the 97.5% percentile for its respective specific group 

was replaced by that bound. For example, the 2.5% percentile for change in IL-6 among 

all MBSR participants within one site at week 9 was − 6.87. An observed value of − 

10.85 for an MBSR patient at week 16 at that site was then replaced by − 6.87 as the 

Winsorized value which is still “low” but will have less influence. Model results using the 

Winsorized outcome were compared to the main models and examined for whether any 

model coefficients changed either direction (sign) or statistical significance at the p < 0.05 

level.

Results

Baseline Clinical Measures and Biomarkers

At baseline, unadjusted Clinician Administered PTSD Scale for DSM-IV (CAPS-IV) and 

PTSD Checklist (PCL) scores were significantly higher for the MBSR group compared to 

the PCGT group (p = 0.049 and 0.004, respectively). Patient Health Questionnaire–9-Item 

Self Report (PHQ9) and FFMQ showed no significant baseline differences between groups 

(Table 1). At baseline, unadjusted mean cortisol levels were significantly higher for the 

MBSR group compared to the PCGT group (p = 0.037); however, there were no differences 

between groups at baseline for unadjusted CRP or IL-6 (Table 1). Adding cortisol to the 

models described below did not meaningfully change the effect estimates or the statistical 

significance.
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Baseline Biomarker Associations

Linear mixed modeling indicated that baseline cortisol levels were significantly inversely 

associated with baseline PCL scores; i.e., lower cortisol was associated with more severe 

self-reported PTSD symptoms (p = 0.02; Table 3 and Fig. 3), but not with CAPS-IV scores. 

There was a trend association between baseline cortisol levels and PHQ9 scores (p = 0.06; 

Table 3 and Fig. 3). No significant associations were found for baseline IL-6 and CRP on 

any baseline behavioral symptom score (Table 3).

Post-intervention Clinical Measures and Biomarker Levels

Pooled data least-squares means showed significantly greater improvement in CAPS-IV 

(p = 0.021), PCL (p = 0.002), and PHQ9 (p = 0.002) from baseline to the 9-week and 

16-week endpoints in the MBSR compared to the PCGT group (Table 2, Fig. 1). FFMQ 

was significantly increased (i.e., improved mindfulness) in the MBSR group in contrast to 

PCGT at both 9-week and 16-week endpoints (p = 0.002; Table 2, Fig. 1). The PCGT group 

showed negligible change in mindfulness from baseline to week 9 and week 16. As shown in 

Table 4, the Cohen’s comparisons for all measures were in the range of medium effect sizes.

Linear mixed modeling showed that cortisol increased from baseline to 9-week endpoint for 

both groups, but significantly less so in the MBSR group compared to the PCGT group (p 
= 0.035). Cortisol levels returned to baseline levels, without between-group differences at 

16-week follow-up (Table 2, Fig. 2). There were no differences in patterns between groups 

for IL-6 and CRP from baseline to 9-week endpoint and 16-week follow-up (Table 2, Fig. 

2).

Biomarkers and Mindfulness Association with Symptom Improvement

As shown in Table 3, our linear mixed model accounting for study group, site, and time 

showed that an increase in FFMQ was significantly associated with a decrease in PCL, 

CAPS, and PHQ9 outcomes (p < 0.001 for all). An increase in FFMQ was significantly 

associated with increased cortisol (p = 0.02), but not IL-6 (p = 0.47) or CRP (p = 0.92). 

However, increases in both IL-6 and CRP were associated with decreases in both CAPS-IV 

(p = 0.04 for ΔIL-6, and p = 0.01 for ΔCRP) and PCL (p < 0.01 for ΔIL-6, and p = 0.03 for 

ΔCRP). Change in cortisol was not significantly associated with change in any measures of 

PTSD or depression.

Sensitivity Analysis

In our sensitivity analysis with Winsorized data, CRP was the only outcome where any 

model coefficients changed either direction (sign) or significance after Winsorization. In the 

CRP model, after Winsorization, the interaction term between the study group and week 

3 changed direction from − 0.59 (p = 0.80) to 0.12 (p = 0.96), and the coefficient for 

interaction between study group and week 9 changed significance from 3.525 (p = 0.05) to 

3.528 (p = 0.03).
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Discussion

Our study found that lower baseline cortisol levels were associated with greater self-reported 

PTSD severity (Fig. 3), which is consistent with previous findings that PTSD severity is 

related to depressed cortisol awakening response in combat veterans (Rauch et al., 2020) 

and associated with hypocortisolism and diurnal rhythm abnormalities (de Kloet et al., 2007; 

Metzger et al., 2008; Morris et al., 2016; Pierce & Pritchard, 2016; van Liempt et al., 

2013). Our modeling found that increased mindfulness was associated with an increase in 

morning cortisol, perhaps indicating improved cortisol flexibility, with the subjects’ HPA 

axis responding more vigorously to their morning stressors, a quality that is associated 

with greater psychologically adaptive characteristics (Mikolajczak et al., 2010). However, 

mindfulness practices encourage open awareness of thoughts and feelings which may 

inevitably include psycho-physiologically stressful PTSD triggers that can be processed 

during a relaxed state, which may explain the reduction in cortisol levels seen in the MBSR 

group at end-point (see Fig. 2).

In this study, IL-6 and CRP increase was significantly associated with decreasing CAPS-IV 

and PCL scores. Taken literally, this inverse relationship seems to indicate that a paradoxical 

increase in the inflammatory biomarkers IL-6 or CRP predicts an improvement in PTSD 

symptoms. There is evidence that inflammation is part of PTSD pathophysiology and that 

IL-6 is often elevated (Hori & Kim, 2019). It is reasonable that some increase in IL-6 would 

occur, given general knowledge of psychological stress (such as that in a group setting) 

resulting in increased acute phase reactants.

In our scenario, it is possible that less avoidance to trauma-related thoughts and sensations 

(MBSR) or reflections on trauma-related personal challenges (PCGT) yield increased stress-

associated acute phase reactants, as well as the therapeutic process, in a relatively treatment-

agnostic fashion, given a lack of significant difference between groups or an association 

between change in mindfulness and changes in IL-6 (Table 3). Our overall finding of a rise-

fall pattern in the MBSR group is congruent with previous finding (Gallegos et al., 2015) in 

a non-controlled, trauma-exposed sample of elevated IL-6 immediately after a mindfulness 

intervention, followed by a decrease at follow-up. CRP is a downstream acute-phase reactant 

modulated by IL-6 and is expected to vary similarly; however, CRP is more sensitive to 

acute factors such as infection or even intense exercise, such that measures may be less 

indicative of longitudinal neuroimmunological state. Nonetheless, the overall convergence of 

CRP findings with IL-6 support evidence that both interventions induced a stress response 

associated with the therapeutic course.

Our findings corroborated prior findings regarding efficacy of mindfulness-based stress 

reduction in the treatment of PTSD when compared to a rigorous control intervention, 

and further characterize the association between mindfulness and the neuroendocrine 

and immune biomarkers associated with the treatment response in a veteran population, 

particularly that a more adaptive cortisol state is related to increased mindfulness, perhaps 

more so in those with lower baseline cortisol and more severe PTSD. When compared to 

PCGT, MBSR resulted in greater reductions in PTSD symptoms as measured by both a 

clinician-administered and self-report PTSD scales, as well as a greater improvement in 
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self-reported depression (Table 4). Further, increased mindfulness (FFMQ) scores showed a 

clear relationship to outcome improvement as opposed to solely group assignment.

Limitations and Future Directions

Adequate characterization of HPA axis output and cortisol state is complex and there are 

various means to describe the cortisol diurnal rhythm, such as the waking cortisol, cortisol 

awakening response, rate of decrease over the day, and resultant evening cortisol levels. 

A limitation of our study is characterization of a single random sampling of morning 

plasma cortisol. There is heterogeneity in cortisol responsiveness particularly evident in 

trauma survivors, as evidence shows that epigenetic changes affecting cortisol levels may be 

involved in and predispose to development of PTSD, further influenced by factors such as 

exposure to childhood trauma (Boks et al., 2016). Both decreases in cortisol responsiveness 

to stress and daily cortisol output (as assessed with hair cortisol concentration) are risk 

factors for development of PTSD (Steudte-Schmiedgen et al., 2015), and relatedly, both 

traumatic stress burden and PTSD enhance HPA axis negative feedback (Morris et al., 

2012). Although our study does not measure cortisol responsiveness or cumulative output, 

our findings of mindfulness related, co-occurring improvements to PTSD symptoms and 

increases in morning cortisol suggest response of the HPA axis related to the changes 

occasioned by trauma exposure or PTSD. Given both the natural diurnal variation in 

cortisol and the complex changes occurring in cortisol accumulated traumatic stress, better 

characterization of our findings with other measures of cortisol, such as responsiveness and 

total output, would be helpful to future research.

Taken together, our findings suggest that MBSR provokes a stress response associated 

with a therapeutic effect in patients and improved HPA axis reactivity, possibly more 

so in those with more severe PTSD and greater hypocortisolemia at baseline. Increased 

glucocorticoids and decreased glucocorticoid receptor sensitivity (possibly due to increased 

available glucocorticoids) in peripheral mononuclear blood cells post-treatment has been 

reported in studies of prolonged exposure therapy (PE) and shows a relationship to improved 

PTSD outcomes (Yehuda et al., 2015), and PE may offer a particularly suitable, trauma-

appropriate context for utilization of mindfulness-based HPA axis recovery. Mindfulness-

based exposure therapy (MBET) may be similarly potentiated and reciprocally improve 

neuroendocrine outputs of the hypothalamus through increased strength of corticolimbic 

pathways and top-down resolution of limbic dysregulation (King et al., 2016). Further 

development of mindfulness-based interventions should focus on both general development 

of the mindfulness trait in patients, and active, synergistic utilization within other therapies.
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Fig. 1. 
Changes in clinical measures from baseline. Compared to present-centered group 

therapy (PCGT), mindfulness-based stress reduction (MBSR) led to significantly greater 

improvement in PTSD (CAPS-IV p = 0.021; PCL p = 0.002), and depression (PHQ9 p = 

0.002) at week 9 and week 16, and significantly increased mindfulness (FFMQ p = 0.002) at 

week 9 that was retained at the 16-week follow-up
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Fig. 2. 
Changes over time in biomarkers. Cortisol increased from baseline to 9-week endpoint for 

both groups, but significantly less so in the mindfulness-based stress reduction (MBSR) 

group compared to (present-centered group therapy) PCGT group (p = 0.04). Interleukin-6 

(IL-6) and C-reactive protein (CRP) showed no differences between groups over time at 

9-week endpoint and 16-week follow-up
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Fig. 3. 
Baseline cortisol inversely associated with self-reported PTSD severity (PCL) in veterans 

with a diagnosis of PTSD (n = 210) as shown by linear mixed model (p = 0.018). Baseline 

cortisol showed a trend for an inverse association with self-reported depression severity 

(PHQ9) in veterans with a diagnosis of PTSD (n = 210) as shown by linear mixed model (p 
= 0.065)
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Table 1

Baseline demographics, clinical measures, and biomarker levels of participants

Total sample
N = 210

PCGT
N = 106

MBSR
N = 104

p

Variable Subgroup n % n % n %

Sample size Minneapolis 116 55 59 51 57 49 ns

Tuscaloosa 94 45 47 50 47 50 ns

Sex Male 176 84 93 88 83 80 ns

Female 34 16 13 12 21 20 ns

Race White 129 61 66 51 63 49 ns

Black 67 32 35 52 32 48 ns

Other 14 7 5 36 9 64 ns

Hispanic No 201 96 104 52 97 48 ns

Yes 8 4 2 25 6 75 ns

Period of service Vietnam 118 56 61 52 57 48 ns

Gulf War 35 17 21 60 14 40 ns

OEF-OIF 33 16 16 48 17 52 ns

Other 23 11 8 35 15 65 ns

Length of military (years) < 3 90 43 50 56 40 44 ns

3 to 4 28 13 15 54 13 46 ns

> 5 91 44 41 45 50 55 ns

Mean SD Mean SD Mean SD

Age (years) 55 12 55 12 55 12 ns

CAPS-IV 75.08 19.86 72.42 20.08 77.80 19.37 0.049

PCL 61.68 12.21 59.27 12.35 64.14 11.62 0.004

PHQ9 20.68 8.71 20.04 8.71 21.34 8.71 ns

FFMQ 108.56 17.24 108.51 16.62 108.61 17.92 ns

Cortisol (mcg/dL) 10.90 5.15 11.78 5.38 10.07 4.81 0.037

IL-6 (pg/mL) 2.25 2.30 1.97 1.81 2.52 2.67 ns

CRP (mg/L) 2.78 2.20 2.73 2.20 2.83 2.22 ns

Bolded values significant for p < 0.05

MBSR mindfulness-based stress reduction, PCGT present-centered group therapy, CAPS-IV Clinician-Administered PTSD Scale for DSM-IV, 
PCL PTSD Checklist, FFMQ Five Facet Mindfulness Questionnaire, IL-6 interleukin 6, CRP C-reactive protein, SD standard deviation, ns 
nonsignificant
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Table 2

Least-squares means with contrasts at week 9 and week 16

PCGT MBSR Contrast (PCGT-MBSR)

Rating scale Mean SE Mean SE Mean SE p

Week 9

ΔCAPS-IV − 12.80 1.87 − 19.10 1.99 6.29 2.72 0.021

ΔPCL − 4.63 1.78 − 8.96 1.80 4.33 1.36 0.002

ΔPHQ9 − 1.08 1.04 − 3.06 1.05 1.97 0.65 0.002

ΔFFMQ 1.55 1.31 7.51 1.36 − 5.96 1.87 0.002

Biomarker

ΔCortisol 2.52 0.76 0.83 0.78 1.69 0.80 0.035

ΔIL-6 0.20 0.29 0.61 0.30 − 0.40 0.36 0.265

ΔCRP − 0.13 0.19 − 0.18 0.20 0.05 0.27 0.862

Week 16

ΔCAPS-IV − 14.10 1.93 − 22.80 2.09 8.71 2.83 0.002

ΔPCL − 4.18 1.79 − 9.69 1.83 5.51 1.41 0.000

ΔPHQ9 − 1.49 1.05 − 3.20 1.06 1.71 0.66 0.010

ΔFFMQ 0.46 1.34 8.65 1.41 − 8.20 1.92 0.000

Biomarker

ΔCortisol 0.84 0.78 − 0.41 0.79 1.25 0.82 0.126

ΔIL-6 0.28 0.30 − 0.18 0.31 0.45 0.37 0.220

ΔCRP − 0.15 0.19 − 0.05 0.22 − 0.10 0.29 0.717

Bolded values significant for p < 0.05

MBSR mindfulness-based stress reduction, PCGT present-centered group therapy, CAPS-IV Clinician-Administered PTSD Scale for DSM-IV, 
PCL PTSD Checklist, FFMQ Five Facet Mindfulness Questionnaire, IL-6 interleukin 6, CRP C-reactive protein, SE standard error of the mean, Δ 
change from baseline
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Table 3

LMM associations of biomarkers and symptom severity

Baseline biomarker and behavioral symptom severity

Behavioral symptoms

CAPS-IV PCL PHQ9

Estimate p Estimate p Estimate p

Baseline biomarker Cortisol − 0.12 0.66 − 0.45 0.02 − 0.18 0.06

IL-6 − 0.23 0.71 − 0.44 0.30 0.16 0.47

CRP − 0.12 0.84 0.08 0.86 0.14 0.52

Change in mindfulness to change in biomarkers at week 9

Biomarkers

ΔCortisol ΔIL-6 ΔCRP

Estimate p Estimate p Estimate p

ΔFFMQ 0.04 0.02 − 0.01 0.47 0.00 0.92

Change in mindfulness or biomarkers to change in symptom severity at week 9

Behavioral symptoms

ΔCAPS-IV ΔPCL ΔPHQ9

Estimate p Estimate p Estimate p

ΔFFMQ − 0.54 0.00 − 0.25 0.00 − 0.15 0.00

Biomarker ΔCortisol 0.05 0.76 − 0.04 0.66 0.03 0.45

ΔIL-6 − 0.88 0.04 − 0.68 0.00 − 0.01 0.94

ΔCRP − 1.24 0.01 − 0.55 0.03 − 0.21 0.06

Bolded values significant for p < 0.05

LMM linear mixed modeling, CAPS-IV Clinician-Administered PTSD Scale for DSM-IV, PCL PTSD Checklist, FFMQ Five Facet Mindfulness 
Questionnaire, IL-6 interleukin 6, CRP C-reactive protein, Δ change from baseline
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Table 4

Estimate of effect sizes for MBSR compared to PCGT

Outcome Week 9 Cohen’s d 95% confidence interval Week 16 Cohen’s d 95% confidence interval

CAPS-IV 0.36 (0.07,0.65) 0.43 (0.11, 0.73)

PCL 0.47 (0.17, 0.76) 0.52 (0.21, 0.83)

PHQ9 0.44 (0.15, 0.74) 0.33 (0.02, 0.63)

FFMQ − 0.49 (− 0.68, − 0.09) − 0.49 (− 0.79, − 0.17)

MBSR mindfulness-based stress reduction, PCGT present-centered group therapy, CAPS-IV Clinician-Administered PTSD Scale for DSM-IV, 
PCL PTSD Checklist, FFMQ Five Facet Mindfulness Questionnaire
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