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A B S T R A C T   

Mild traumatic brain injury (mTBI) is one of the most common injuries experienced by Veterans and can 
frequently result in a variety of post-concussive symptoms. Post-concussive headaches (PCH), one of the most 
common symptoms, can persist for years after the injury occurred. The long-lasting impacts of PCH can be 
extremely distressing for Veterans, thus necessitating the need to find reliable biomarkers that directly relate to 
subjective feelings of distress. Yoga-based interventions have been shown to improve both subjective and 
objective markers of stress. Techniques used in yoga, such as the focus on releasing muscular tension, are also 
recommended as strategies for treating PCH. Thus, yoga-based interventions provide a unique context for the 
comparison of subjective and objective measures of distress in Veterans with PCH. In this secondary, exploratory 
analysis, we examined the relationship between perceived distress and cortisol in sixteen Veterans with mTBI and 
long-term PCH within the context of a yoga intervention feasibility study. The Visual Analogue Scale (VAS), a 
validated tool for measuring subjective distress, was administered to participants immediately before and after 
75-min yoga classes, which occurred twice weekly over eight weeks. Participants also provided salivary cortisol 
(pre- and post-yoga) at in-person sessions (eight) to compare to changes in VAS scores. We found that VAS scores 
were significantly reduced within five of the eight assessed yoga classes, but there were no significant changes in 
cortisol levels. No significant correlations were found between VAS scores and salivary cortisol levels. When 
looking at how cortisol levels changed over time (i.e., over the series of eight yoga sessions), there was a sig
nificant downward trajectory in post-yoga cortisol, but not after taking pre-class cortisol into account (i.e., within 
yoga session cortisol change over time). Taken together, we found that subjective distress, but not cortisol was 
reduced by yoga classes. These data suggest that salivary cortisol did not match changes in perceived distress, 
thus emphasizing the ongoing challenges of relating subjective and objective measures.   

1. Introduction 

Although both civilian and Veteran populations experience mild 
traumatic brain injury (mTBI), mTBI is a leading injury sustained by 
Veterans, as a result of the casualties incurred during the conflicts in Iraq 
and Afghanistan. Individuals that suffer mTBI can develop persistent 

post-concussive symptoms (PCS), with one of the most widely reported 
symptoms being post-concussive headaches (PCH) [1–3]. Although 
headaches can be experienced after all types of mTBI, studies suggest 
that chronic headache prevalence may be up to 4- to 5-times higher in 
United States Soldiers following a deployment-related concussion [4]. 
Around 48% of Service Members have persistent PCS past the typical 
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resolution timeframe of 3 months [5]. Although PCH typically improves 
within a year post-injury, a subpopulation will continue to experience 
PCH for over a year [3]. While PCH can be debilitating and painful, they 
often coincide with additional cognitive and physiological mTBI-related 
sequelae – many of which are related to stress dysfunction. For example, 
mTBI can result in long-term dysregulation of both the autonomic ner
vous system [6,7] and hypothalamic-pituitary-adrenal (HPA) axis [8,9], 
resulting in widespread impacts on the ability to maintain an appro
priate stress response. Military-incurred mTBI has also been associated 
with increased prevalence/severity of stress-related disorders, such as 
post-traumatic stress disorder (PTSD) [10,11]. Both stressful situations 
and daily levels of perceived stress are positively associated with re
ported intensities of PCS [12,13], indicating that both psychological and 
physiological components of stress are fundamentally associated with 
PCS. Persistent symptoms, such as PCH, can also be inherently dis
tressing. However, an understanding of the relationship between 
changes in perceived levels of distress and physiological markers in a 
population that has experienced persistent PCH for over a year remains 
largely unknown. 

A variety of patient reported outcome measures (PROMs) have been 
developed to target subjective components of distress. Self-report mea
sures, such as the Kessler Psychological Distress Scale and the Visual 
Analogue Scale (VAS), are both commonly used, validated tools [14,15]. 
However, studies have shown that other more persistent factors, such as 
PTSD symptom severity, can influence TBI injury perception, empha
sizing both the challenges associated with using subjective PROMs [16, 
17] and the need for objective and reliable physiological biomarkers. As 
levels of perceived distress can vary across individuals, it is essential to 
better understand the relationship between subjective distress and 
objective biomarkers. If the specific relationships between non-invasive 
physiological stress markers and perceived distress can be uncovered, 
this may allow increased understanding of symptoms, such as PCH, that 
often accompany TBI. 

Salivary cortisol is a well-established and minimally invasive mea
sure for assessing HPA function, thus making it a potentially promising 
biomarker for assessing distress in those with PCH after mTBI. Elevated 
cortisol levels in individuals with severe TBI have been linked to worse 
outcomes in multiple domains (i.e., Glasgow Outcome Scale, Functional 
Independence Cognitive Measure, Disability Rating Scale) [18,19], 
further supporting links between physiological stress systems and TBI 
recovery. A relevant animal study demonstrated that the corticosterone 
response after experiencing blast-related mTBI can increase risk for 
development of the PTSD phenotype, emphasizing the intricate rela
tionship between the HPA axis, mTBI, and PTSD [20]. Interestingly, an 
exploratory analysis in a recent randomized, double-blind, placebo 
controlled trial showed that Veterans with PCS after mTBI had a larger 
reduction in symptoms after prolonged exposure treatment augmented 
with synthetic glucocorticoid hydrocortisone [21]. Yet, few studies have 
explored how HPA axis biomarkers, such as cortisol, relate to percep
tions of distress in Veterans with persistent PCH. Interventions aimed at 
reducing stress, such as yoga, can offer unique contexts for increased 
understanding of the relationship between these measures. 

Through use of breathing techniques, muscle relaxation, and mind
fulness, yoga-based interventions have become a much-discussed tool 
for targeting stress response systems [22–25]. Yoga interventions have 
been shown to reduce cortisol levels in those suffering from pain, fa
tigue, and depression [26–28], suggesting that this 
non-pharmacological, alternative treatment shows promise for success
fully targeting physiological stress systems. Yoga-based interventions 
can also influence psychological outcomes, such as reducing subjective 
feelings of pain [29,30] and stress [31,32]. A recent pilot study of a yoga 
intervention in Veterans showed a significant association between a 
measurement of total cortisol output and self-reported life satisfaction 
[33]. However, the assessment of cortisol immediately before and after 
each individual yoga session was not measured. Yoga-based in
terventions are an optimal setting for exploring the relationship between 

subjective distress and frequently employed physiological stress markers 
in Veterans with mTBI. 

The present study is a secondary analysis from a feasibility and 
acceptability pilot trial [34], where changes in subjective distress (VAS) 
and salivary cortisol levels were assessed within the context of a man
ualized yoga intervention for Veterans with PCH. This exploratory 
analysis was conducted to evaluate the relationship between subjective 
distress and cortisol in Veterans with PCH following mTBI and how these 
two measures respond to an intervention aimed at addressing acute 
stress, such as the 75-min yoga sessions used in this study. 

2. Materials and methods 

2.1. Use of human subjects 

This protocol was reviewed and approved by local regulatory com
mittees including the Colorado Multiple Institutional Review Board. 

2.2. Participants 

This is a secondary, exploratory analysis of measures from partici
pants who were enrolled in a feasibility study of a yoga-based inter
vention [34] and for whom cortisol levels were obtained. In brief, 
Veterans had to have a history of post-acute mTBI with persistent PCH. 
Briefly, participants were U.S. Military Veterans receiving care at a 
mountain state Veterans Affairs Medical Center. Participant samples 
used in this secondary analysis were only collected in the final two 
waves of the study, and thus the sample size is limited to N = 16. Par
ticipants had a history of mTBI and reported persistent PCH for at least 1 
year. Full inclusion/exclusion criteria, as well as other details regarding 
the protocol are outlined in Betthauser et al., 2021. 

2.3. Procedures 

The study procedure timeline as it pertains to cortisol sampling is 
depicted in Fig. 1. After completing the first baseline visit, participants 
then completed an exercise run-in visit (used to familiarize Veterans 
with yoga poses) prior to randomization. Participants were then block 
randomized into the Yoga-Now or Yoga-Wait groups (Fig. 1, Visit 1b); 
the Yoga-Now group began the yoga intervention, Strength and Aware
ness in Action: an Intervention for Post-Acute TBI Headaches (SAA-TBI), 
shortly after randomization, whereas the Yoga-Wait group received 
enhanced treatment as usual for the first 8 weeks and then began the 
SAA-TBI yoga intervention. During the yoga intervention, participants 
completed 75-min classes twice weekly across 8 weeks (16 total yoga 
sessions). Veterans were administered the VAS distress measure imme
diately before and after each of the 16 attended yoga sessions over the 
course of the 8-week intervention. Salivary cortisol was collected at the 
same time points for every other session (total of 8 sessions) and was 
only collected from the 6th and 7th cohorts of participants. For these 
participants, the second class of each week was provided as an online 
format, so no cortisol samples could be collected from those sessions. 
Cohort 7 participants were not randomized and all began the 8-week 
yoga intervention immediately (no Yoga-Wait group). VAS distress 
scores and salivary cortisol from the same 8 sessions were used for an
alyses in the current study. 

2.4. VAS distress thermometer measure 

Subjective distress was measured using the VAS Distress Thermom
eter. The VAS is a well-validated self-report tool [15] that allows par
ticipants to rate their perceived level of distress at the current moment. 
The visual thermometer range consists of 1-point ticks starting from 
0 (no distress) to 10 (extreme distress). 
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2.5. Cortisol collection and measurement procedures 

Saliva for cortisol measurement was collected using Salivette for 
cortisol testing tubes (Cat. No. SAR-511534500, SciMart, Box Elder, SD, 
USA). It is well documented that cortisol concentrations follow a 
circadian rhythm; therefore, sample collection occurred immediately 
before and after a consistently timed yoga class to control for circadian 
variation. For saliva collection, participants were provided with a saliva 
collection kit and instructions (see Supplementary Material). Partici
pants were first instructed to rinse their mouth with water for 10 s to 
remove potential contaminants (i.e. food, nicotine) and were then told 
to wait 2–5 min. Participants were instructed to insert the saliva col
lecting wad in their mouth for 45 s or until saturated. They then removed 
the wad from their mouth and placed the wad into the collection tube. 
Saliva was extracted from the wad according to the manufacturer’s in
structions and frozen at − 80 ◦C until further analysis. Total salivary 
cortisol concentrations were measured using cortisol Enzyme Immuno
assay (EIA) kits (Cat. No. ADI-900-071, Enzo Life Sciences, Plymouth 
Meeting, PA, USA) according to manufacturer instructions. Each sample 
was run in duplicate and plates were read with a spectrophotometer set 
at 405 nm (Synergy 4, BioTek, Winooski, VT, USA). The mean of the 
sample duplicates were used for further analysis. The sensitivity of this 
assay is 0.0057 μg/dl and the inter- and intra-assay coefficients of 
variation for the data collected were 4.4% and 1.63%, respectively. 

2.6. Data analysis 

All analyses assumed a two-sided test of hypothesis, a significance 
level of 0.05 and were run in SAS v9.4. Demographic characteristics are 
summarized as means and standard deviations (SD), medians and ranges 
and frequencies, as appropriate. The average change in VAS distress 
thermometer and cortisol (both raw and the natural log transformation 
of cortisol levels), within each yoga session, were estimated using 
separate repeated measures analyses which modeled the outcome of 
post-session value minus pre-session value as a function of time using 
maximum likelihood estimation. This analysis accounts for the 

correlation between yoga sessions within a person and allows for 
nonlinear changes between sessions (i.e., time is considered categorical, 
and means are estimated within each session). Mixed-effects models, 
which account for the correlation between repeated measures over time, 
were used to determine linear trajectories of VAS and cortisol levels (raw 
and log transformed) over continuous time. Trajectories for two types of 
outcomes were estimated for both measures. First, the post-session 
outcome was modeled as a function of continuous time to determine if 
there was a significant increase or decrease in the post-session values for 
each outcome as a participant progressed through sessions. Second, the 
change (post-session minus pre-session) was modeled as a function of 
continuous time to determine if there was a significant increase or 
decrease in the within-session change for each outcome as a participant 
progressed through sessions. Additionally, for each session, the 
Spearman correlation between VAS change and cortisol change was 
calculated. 

3. Results 

The 16 Veteran participants with measured cortisol were primarily 
male (75%) and White (69%) with an average age of 38.3 (SD = 7.6). 
See Table 1 for a full description of demographic and military 
characteristics. 

3.1. Within session VAS and cortisol change 

There was a significant decrease in VAS within 5 of the 8 yoga ses
sions (all p < 0.01) with estimated mean decreases ranging from 1.33 to 
2.00 points. See Table 2 for all estimated mean changes with 95% 
confidence intervals (CIs). This was not observed for within-session 
changes in cortisol levels as there was no significant change in either 
raw or log-transformed cortisol levels for any session (Table 2). 

3.2. VAS and cortisol trajectories 

A statistically significant linear decrease over time (i.e., over 

Fig. 1. Infographic depicting study procedure timeline as it pertains to cortisol sampling. After a baseline and exercise run-in sessions, participants were randomized 
to either immediately begin the 8-week yoga intervention (Yoga-Now) or to wait 8 weeks while undergoing ETU before beginning the intervention (Yoga-Wait). 
During the SAA yoga intervention, participants attended 75-min yoga sessions twice a week over 8 weeks. VAS distress scores were collected immediately before and 
after each session. Salivary cortisol was also collected at the same timepoints (pre- and post-yoga sessions) for 8 of the sessions. ETU = Enhanced Treatment as Usual. 
SAA = Strength and Awareness in Action. VAS = Visual Analogue Scale. 
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sessions) in post-session cortisol levels was observed for raw cortisol 
levels indicating that post-session levels reduced, on average, by 0.018 
μg/dl for each additional session (p = 0.03). A similar result was 

observed for the log-transformed post-session cortisol levels (β =
− 0.005, p = 0.03). These results were not upheld when assessing the 
within session change in cortisol over time, though there was a trend 
toward a significantly larger within session decrease over time for the 
log-transformed cortisol analysis (β = − 0.016, p = 0.07). Results are 
displayed in Table 3. 

The analysis for post-session VAS yielded a decreasing trend in post- 
session VAS over time, indicating that on average, post-session VAS 
decreased by 0.07 points for each additional session (p = 0.07). This 
trend was no longer observed when taking pre-session VAS into account 
as there was no observed association between time and within session 
change in VAS (β = 0.03, p = 0.66). 

3.3. VAS and cortisol change correlations 

Across sessions, available paired sample sizes ranged from 4 (final 
session) to 14 (first session), with a mean of 8.8 (SD = 3.0) and a median 
of 9. No significant correlations were observed between VAS change and 
cortisol change for any of the yoga sessions. 

4. Discussion 

In the current study, the research team explored the relationship 
between subjective distress and salivary cortisol levels within the 
context of a yoga intervention for Veterans with persistent headaches 
after mTBI. We found that participants’ subjective distress scores, but 
not salivary cortisol levels, were significantly reduced following five of 
the eight assessed yoga classes. These changes in distress scores were not 
correlated with changes in cortisol levels. When looking at changes in 
cortisol levels over the series of yoga sessions, there was a significant 
downward trajectory in post-yoga cortisol, but this effect was no longer 
significant when accounting for pre-yoga cortisol levels. These findings 
are consistent with previous studies showing no clear or significant as
sociation between perceived stress and cortisol levels and also empha
size the need for careful consideration when selecting clinical trial 
outcomes [35–37]. Although large observed correlations would be 
necessary to achieve significance (>0.56), the discrepancy between 
scores on these measures suggest that subjective distress and physio
logical stress are measuring different facets of the stress response [38, 
39]. Therefore, understanding the interrelation between subjective 
distress and physiological stress and the extent to which they correspond 
to changes in stress responsivity over time likely requires more nuanced 
investigations that consider the context (e.g., type of stress or inter
vention), the methods and timing of assessment, and individual factors 
that could moderate the relationship between these two responses [35]. 

The significant reduction in VAS scores within 5 of the 8 sessions 
suggest that this measure may be useful for gauging acute changes in 
perceived distress in this population. VAS measures have been success
fully used to measure other TBI-associated symptoms that can often 
coincide with feelings of distress [40–43], thus adding to the evidence 
which suggests that these quick self-report tools may provide a method 
for understanding how interventions alter subjective experiences of 
one’s symptomology. Nevertheless, the level of detail that can be 
gathered from a single response item thermometer certainly limits the 

Table 1 
Demographic and military characteristics (N = 16).  

Characteristic Mean (SD) and Median (range) or N (%) 

Age 38.3 (7.6) 
34.5 (28, 50) 

Gender 
Male 12 (75%) 
Female 4 (25%) 
Race 
Caucasian/White 11 (69%) 
Black or African American 2 (12%) 
Multiracial/Other 3 (19%) 
Hispanic/Latino 6 (38%) 
Military Brancha 

Army Active Duty 11 (69%) 
Air Force Active Duty 1 (6%) 
Navy Active Duty 1 (6%) 
Marines Active Duty 3 (19%) 
Army Reserve 1 (6%) 
Army National Guard 2 (12%) 
Number of Deployments 2.6 (2.5) 

2 (1, 11) 
Number of Combat Tours 2.1 (2.2) 

1.5 (0, 9) 
Highest Level of Education 
Some College 7 (44%) 
Associate’s/Bachelor’s 6 (37%) 
Master’s 3 (19%) 
Employment Status 
Full-time/Part-time 11 (69%) 
Unemployed 3 (19%) 
Retired 2 (12%) 
Student 3 (19%) 
Relationship Status 
Married 10 (63%) 
Cohabitating 1 (6%) 
Single 5 (31%)  

a Participants may have served in more than one military branch. 

Table 2 
VAS and cortisol estimated change within yoga session.   

VAS Cortisol ug/dl Ln (Cortisol) 

Session Estimated 
Mean 
Change 
(95% CI) 

p- 
value 

Estimated 
Mean 
Change 
(95% CI) 

p- 
value 

Estimated 
Mean 
Change 
(95% CI) 

p- 
value 

1 (N =
14) 

− 1.33 0.003 − 0.0102 0.43 − 0.12 0.06 
(-2.2, 
− 0.48) 

(-0.036, 
0.016) 

(-0.24, 
0.003) 

3 (N =
9) 

− 1.36 0.009 0.017 0.30 0.067 0.38 
(-2.4, 
− 0.36) 

(-0.015, 
0.049) 

(-0.086, 
0.22) 

5 (N =
11) 

− 0.50 0.30 − 0.025 0.09 − 0.11 0.12 
(-1.5, 0.46) (-0.053, 

0.004) 
(-0.25, 
0.029) 

7 (N =
9) 

− 1.78 0.002 − 0.016 0.31 − 0.071 0.36 
(-2.9, 
− 0.67) 

(-0.048, 
0.015) 

(-0.22, 
0.082) 

9 (N =
7) 

− 2.00 0.002 − 0.021 0.26 − 0.066 0.45 
(-3.3, 
− 0.75) 

(0.057, 
0.016) 

(-0.24, 
0.108) 

11 (N 
= 7) 

− 1.63 0.008 − 0.021 0.26 − 0.085 0.33 
(-2.8, 
− 0.45) 

(0.057, 
0.016) 

(-0.26, 
0.089) 

13 (N 
= 9) 

− 1.00 0.08 − 0.028 0.08 − 0.12 0.12 
(-2.1, 0.11) (0.061, 

0.004) 
(-0.28, 
0.031) 

15 (N 
= 4) 

− 1.25 0.14 − 0.011 0.66 − 0.060 0.60 
(-2.9, 0.41) (-0.059, 

0.037) 
(-0.29, 
0.17)  

Table 3 
VAS and cortisol trajectories.  

Model 
Outcome 

VAS Cortisol ug/dl Ln (Cortisol) 

β (SE) p- 
value 

β (SE) p- 
value 

β (SE) p- 
value 

Post-Session − 0.068 
(0.04) 

0.07 − 0.018 
(0.008) 

0.03 − 0.005 
(0.002) 

0.03 

Within 
Session 
Change 

0.03 
(0.07) 

0.66 − 0.004 
(0.002) 

0.11 − 0.016 
(0.009) 

0.07  
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usefulness of the tool in terms of its ability tease apart underlying 
mechanisms associated with an individual’s subjective experience. 

Incorporating objective markers of psychological stress may increase 
understanding of mechanisms of change in mind-body therapies such as 
yoga, but selection of markers must take into account the specific 
intervention, the timing of measurement, and sensitivity to change. 
While salivary cortisol may be a feasible, non-invasive biological marker 
of psychological stress, its utility in rapidly detecting changes in stress 
response likely depends on the context of the intervention. In fact, 
previous research has shown cortisol changes are only seen in specific 
types of stress-inducing paradigms [35]. The specific type of cortisol 
analysis may also play an important role. In Zaccari and colleagues’ 
yoga intervention study in Veterans with PTSD, although there were no 
significant changes in cortisol measurements post-to pre-intervention, 
changes in cortisol area under the curve with respect to the ground, a 
measurement of cortisol output, was significantly associated with 
self-reported improvement in life satistfaction [33]. 

Specifics of the yoga intervention are also important – though sali
vary cortisol changes can be detected within acute time frames, it may 
not be the most sensitive biological marker of acute changes that occur 
within 75 min yoga sessions. For example, in a recent study, Eda and 
colleagues demonstrated a significant reduction in salivary cortisol at 
120 min post yoga session compared to pre-yoga session levels [44]. 
However, no significant reductions were observed immediately post or 
at 60 min post yoga session. Along these lines, studies have also shown 
that increases in perceived stress and anxiety can precede HPA activa
tion in stress-induction tasks [36], which supports our current findings 
showing changes only in subjective distress immediately following the 
yoga intervention. 

These findings suggest that other objective biomarkers may better 
suited for matching changes in distress during acute intervention ses
sions. As autonomic reactivity is altered in those with mTBI [6,7], 
measures of such reactivity (e.g., heart rate variability, blood pressure, 
vagal tone, galvanic skin response) may be better matched to acute 
ratings of subjective distress. Alternative stress biomarkers (e.g., cate
cholamines, cortisol, salivary amylase) may also be more readily asso
ciated with measured subjective distress in Veterans with PCH. For 
example, a previous study showed that subjective distress ratings after 
an acute stress paradigm were correlated with circulating epinephrine in 
chronically stressed, but not control participants – also highlighting the 
potential importance of chronic stress states when relating specific 
biomarkers to distress [45]. Interestingly, the aforementioned study also 
showed associations between distress scores and immune activity [45]. 
Given that chronic stress can result in a wide variety of negative health 
outcomes, physiological systems that are intertwined with the stress 
response, such as the immune system [46–48], may also be important to 
consider when measuring distress in Veterans with PCH. 

Elucidating which biomarkers are most appropriate for various time 
points after mTBI is also paramount. In one study, cortisol levels were 
only increased in certain subgroups in the immediate days after TBI 
[18]. Whereas salivary cortisol may be helpful for assessing changes 
immediately post-injury, inflammatory cytokines may be better markers 
of distress that can accompany long-term PCS. 

There are limitations to the current study. It should noted that this 
was a secondary analysis from an acceptability and feasibility trial [34], 
and thus additional studies focusing on the relationship between sub
jective distress and physiological biomarkers as a primary outcome are 
needed. We also did not assess salivary cortisol at every single yoga 
session. Collection at all time points would be useful to fully understand 
how these measures change over longer intervention periods. As the 
current population suffers from long-term symptoms, it may also be 
useful to examine more chronic measures of cortisol, such as hair or fecal 
samples. Although we controlled for specific factors known to alter 
salivary cortisol levels, such as sample collection timing and mouth 
contaminants, we cannot exclude the possibility that additional factors 
(e.g., smoking, menstrual cycle) may have impacted the results found in 

the current study. 
The inclusion of measures that directly relate distress to specific 

symptoms, such as the Symptom Distress Scale [49], could further 
enhance our understanding of how distress specifically relates to various 
symptoms associated with long-term PCS. Comparing VAS results with 
other PROMs typically used to evaluate stress, such as the Perceived 
Stress Scale or Psychosocial Stress Inventory, may also help increase 
understanding of how changes in distress may relate to more detailed 
measures of subjective stress. Finally, it must be noted that the current 
study only focused on a small sample size of Veterans with long-term 
PCH after mTBI, thus limiting the generalizability of these findings. 
Future studies will benefit from larger samples and more diverse pop
ulations to improve generalizability. 

It is worth noting that the VAS used in the current study asked par
ticipants to rate their level of distress at a specific moment in time, which 
may differ from one’s levels of stress. Although distress and stress are 
often used interchangeably, the terms may be targeting two different 
subjective components. While stress is often assumed as explicitly 
negative, stress was originally conceptualized by Hans Selye as “the non- 
specific response of the body to any demand” [50]. Selye also distin
guished between “eustress”, or stress that can result from positive ex
periences, and “distress” as stress that may result from negative 
experiences [51]. However, these definitions may be interpreted 
differently across individuals, where distress might be considered as 
either more prolonged and/or more severe versions of stress. Means of 
addressing this include adding specific definitions for both stress and 
distress to the measure, administering scales for both stress and distress, 
and/or to conducting qualitative post-interviews help to clarify the 
participants interpretation of the VAS scale. 

Studies also indicated that TBI may result in long-term hypo
cortisolism [52]. Given that the aim of the current intervention was to 
reduce, not elicit stress, we may not expect to see changes if cortisol 
levels are too low at baseline in Veterans with long-term PCH. Further, 
there may be floor effects, as normal cortisol levels typically fall below 5 
μg/dl, and exercise can also increase salivary cortisol levels [53]. A 
previous study also demonstrated that salivary cortisol was not associ
ated with perceived stress in participants with TBI [54], further adding 
to the idea that cortisol may not actually measure acute changes in 
subjective symptoms. An additional thought worth considering is that 
large fluctuations in salivary cortisol over short periods of time may not 
necessarily be desired, but reductions in one’s subjective experience of 
distress after a yoga session could be important for daily symptom 
management. Therefore, tracking cortisol over longer periods of time 
alongside acute VAS ratings could be used to tease apart the relationship 
between subjective distress management and HPA function. 

Taken together, our results show that a yoga intervention was 
associated with reduced subjective distress, but not salivary cortisol in 
Veterans with PCH following mTBI. The study emphasized an ever 
important need to continue uncovering relationships between subjective 
and physiological markers when studying interventions. As the current 
intervention was found to be acceptable [34], yoga-based interventions 
may be a useful context within which to continue the exploration of 
biological mechanisms driving perceived distress in this population. 
Further, these results suggest that yoga could be a useful avenue for 
managing perceived distress, which could lead to changes in physiology 
over longer periods. 
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