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Highlights 

• Long-term meditation practitioners have faster cortisol recovery from stress than meditation-

naïve controls. 

• In comparison to a meditation naïve control group, long-term meditation practitioners 

experience less self-conscious emotions, but not negative affect, after the exposure to social-

evaluative threat, and employ more adaptive cognitive emotion regulation strategies. 

• The cognitive emotion regulation strategy of acceptance mediates the relationship between 

the practice of meditation and cortisol recovery from stress. 

 

Abstract 

Previous research links contemplative practices, such as meditation, with stress reduction. 

However, little is known about the psychological mechanisms underlying this relationship. This study 

compares the physiological stress response (reactivity and recovery) measured by changes in salivary 

cortisol, heart rate, heart rate variability, and the associated stress-related ratings in long-term 

meditation practitioners (N = 29) and age- and sex- matched meditation naïve controls (N = 26). The 

participants were administered the Trier Social Stress Test in its active and placebo versions. The 

results demonstrated that long-term meditation practitioners had faster cortisol recovery from stress, 

and experienced less shame and higher self-esteem after the exposure to social-evaluative threat. In 

addition, long-term meditation practitioners scored higher on adaptive cognitive emotion regulation 

strategies, such as acceptance and positive reappraisal, and lower on maladaptive ones, such as 

catastrophizing. The cognitive emotion regulation strategy of acceptance mediated the relationship 

between meditation practice and cortisol recovery. These results suggest that meditation practice is 

associated with faster recovery from stress due to the employment of adaptive emotion regulation 

strategy of acceptance, delineating a pathway underlying the positive effects of meditation on stress. 
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1. Introduction 

1.1. Contemplative training and the stress response 

Psychosocial stressors activate a distinct response through the limbic-sensitive “processive” 

stress pathway (Herman and Cullinan, 1997), leading to physiological changes orchestrated primarily 

by the hypothalamic–pituitary–adrenal axis (HPA) and the sympathomedullary pathway (SAM). The 

detrimental effects of repeated stress on neurons (Uno et al., 1989) and the negative relationship 

between psychological stress and a number of physical and mental conditions (Cohen et al., 2007; 

Roberts et al., 2017; Sapolsky, 2007) have been well documented.  

One of the most promising behavioral approaches aiming to attenuate the stress response is 

contemplative training, which consists of the use of various practices that originated mostly in eastern 

religious and spiritual traditions. Contemplative practice (CP) is defined as a form of training enacting 

a process of self-transformation through self-awareness, self-regulation, self-inquiry, and self-

transcendence (Davidson and Dahl, 2017; Vago and David, 2012). One of the most studied types of 

CPs in the context of stress reduction are Buddhist-based meditations, in particular, their clinical 

applications in the form of mindfulness or compassion cultivating interventions. There is a substantial 

body of research linking stress reduction with these types of CPs (Carlson et al., 2001; Jain et al., 

2007; Shapiro et al., 1998). Yet, the majority of those results should be considered with caution since 

most of the studies relied only on self-report measures of stress. Far fewer investigations have 

employed physiological markers of stress, and the results are considerably less coherent; several 

studies linked CPs with reported physiological changes in response to stress, such as changes in the 

cardiac parasympathetic and sympathetic response (alpha-amylase) (Arch et al., 2014a), 

adrenocorticotropic hormone (ACTH) (Hoge et al., 2017), blood pressure (Nyklíček et al., 2013), and 

cortisol (Rosenkranz et al., 2016). However, several studies have found no association between CPs 

and the stress-related changes in physiological variables (Gex-Fabry et al., 2012; Nyklíček et al., 

2013; Pace et al., 2009) or even reported the opposite effect, i.e., that contemplative training was 

associated with an increase in salivary cortisol (Creswell et al., 2014).  

An important shortcoming of previous research investigating the relationship between CPs and 

stress is the accent on the reactivity model of the stress response (Brosschot et al., 2005; Linden et al., 
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1997). Even though the stress-related negative health outcomes are found to be associated with 

reactivity to a psychological stressor (Cohen et al., 2002; Matthews et al., 1993), it is important to 

note the prolonged recovery, which results from a failure to shut off the stress response (McEwen, 

1998). Recovery represents a separate mechanism underlying the pathophysiology related to stress 

exposure; for example, neuroendocrine recovery is associated with increased immunity (Epel et al., 

1998), and diminished vagal rebound (increase in heart rate variability after the stressor) is linked to 

risk factors for cardiovascular disease (Mezzacappa et al., 2001). Thus, from a conceptual and clinical 

perspective, it is essential to consider both reactivity to and recovery from a stressor when evaluating 

approaches designed to lead to stress reduction. 

Another crucial but relatively neglected aspect of research on the relationship between CPs and 

stress is the investigation of the psychological mechanisms that underlie the CPs effects on stress. 

Most of the abovementioned studies did not make an attempt to relate stress-induced changes in 

physiological variables to psychological factors associated with the stress response. The paucity of a 

psychophysiological theory on possible mechanistic pathways represents an important lacuna in 

existing research on CPs and stress. Thus, considering that long-term CPs shows a more consistent 

association with psychobiological stress reduction (Engert et al., 2017) than short contemplative 

training (Creswell et al., 2014), studies aiming to investigate the mechanisms of the CPs and the stress 

response association should be conducted in a population of experienced practitioners which was the 

purpose of the present study. 

 

1.2. Psychological factors of the stress response and contemplative training. 

In recent years, initial attempts of delineating the potential mechanisms of contemplative 

training effects on behavior and health  have been proposed, ranging from neurobiological to 

traditional Buddhist models (see, e.g., Emavardhana and Tori, 1997; Grabovac et al., 2011; Hölzel et 

al., 2011; Lindsay and Creswell, 2017; Shapiro et al., 2006; Vago and David, 2012). However, 

research on CPs lacks more targeted theoretical models describing the relationship between 

contemplative training and a specific outcome, such as the stress response. The psychobiological 

stress response has been previously linked to a number of psychological factors, such as primary 
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cognitive appraisals (Gaab et al., 2005), self-conscious emotions and cognitions (Kemeny et al., 

2004), and emotion regulation (Lam et al., 2009; Zoccola et al., 2008). These psychological variables 

have not been sufficiently explored as potential mechanisms of the CPs effects on stress.  

1.2.1 Primary cognitive appraisals 

According to the influential stress appraisal theories (e.g., Lazarus and Folkman, 1984), the 

psychobiological response to stress is partially determined by how the situation is evaluated by a 

particular individual. It was proposed to differentiate between primary appraisals, representing the 

evaluation of the relevance of a given situation, and secondary appraisal, focusing on the coping 

potential of an individual. In the context of social evaluative threat, primary stress appraisals “threat” 

and “challenge” have been found to be related to the physiological changes in response to stress 

(Gaab et al., 2003; Gaab et al., 2005; Mayor and Gamaiunova, 2014).  

CPs have the potential to alter the appraisal process. One of the skills trained in various CPs is 

reperceiving (Shapiro et al., 2006), a mechanism that allows the participant to step back and 

disidentify from current thoughts or affective states and view the experience more objectively. 

Additional mechanisms include heightened awareness of the present moment and mindful attention 

(for a discussion, see Epel et al., 2009). Preliminary empirical evidence suggests the CPs may indeed 

be associated with attenuated threat appraisal (Weinstein et al., 2009). 

1.2.2 Self-conscious emotions and cognitions 

Alongside cognitive appraisals, the stress response is associated with affective states (Buchanan 

et al., 1999). However, this relationship is complex, and defining the affective response in terms of 

valence and arousal appears to be less useful in studying non-autonomic physiological markers of 

stress, such as cortisol (Denson et al., 2009). Previous meta-analytical work suggests that general 

negative affect is poorly correlated with cortisol responses (Dickerson and Kemeny, 2004). The stress 

response in the context of social evaluation appears to be most related to a particular type of affective 

state: self-conscious emotions (Leary, 2007; Tracy and Robins, 2004). The social preservation theory 

(Kemeny et al., 2004) and associated research suggest that self-conscious emotions (shame) and 

associated cognitions (low self-esteem) are mostly associated with the HPA-axis related physiological 



Gamaiunova et al. Stress in meditation practitioners 

7 

 

changes in response to stress (Dickerson et al., 2004; Gruenewald et al., 2004; Martens et al., 2008; 

Pruessner et al., 2005).  

CPs have been found to be associated with shame reduction (Goldsmith et al., 2014; Woods 

and Proeve, 2014) and positive effects on self-esteem (Pepping et al., 2013; Rasmussen and Pidgeon, 

2011). Some of the proposed mechanisms behind CPs effects on self-conscious emotion and cognition 

include self-compassion (Woods and Proeve, 2014), nonjudgement (Rasmussen and Pidgeon, 2011), 

and reduced self-identification (Brown et al., 2008). 

1.2.3 Emotion regulation. 

Emotion regulation (ER) is the processes by which individuals influence when they have 

emotions, what type, and how they experience and express them (Gross, 1998). ER represents another 

important psychological mechanism associated with the stress response (Sapolsky, 2007). Specific ER 

strategies (for example, perseverative cognition and rumination) can lead to prolonged physiological 

activation (Brosschot et al., 2005; Zoccola et al., 2008) or impact stress reactivity (Butler et al., 2006; 

Egloff et al., 2006). Focuses on the cognitive methods of managing emotionally stimulating 

information Garnefski et al. (2001) framework differentiates several distinct ER dimensions: 

acceptance, self-blame, blaming others, refocus on planning, positive refocusing, positive reappraisal, 

rumination, catastrophizing, and perspective taking. 

The relationship between CPs and cognitive ER strategies has been previously investigated. 

Here, CPs have been positively linked to the recurrence to acceptance (Lindsay and Creswell, 2017) 

and positive reappraisal (Garland et al., 2011; Garland et al., 2009) and negatively related to 

catastrophizing (Cassidy et al., 2012), rumination (Deyo et al., 2009), and distraction (Jain et al., 

2007). However, the complex association of those ER strategies, CPs and the stress response requires 

further investigation. 

 

1.4. This study 

This study addresses several of the open questions in research on the relationship between CPs 

and the stress response that were identified above. First, the study targeted the dynamics of the stress 

response, assessing both reactivity to and recovery from a psychological stressor in long-term 
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practitioners of Buddhist meditation (MP) and matched meditation-naive controls (MN). Second, the 

study investigated group differences in the psychological variables associated with the stress 

response: primary cognitive appraisals (threat and challenge), self-conscious emotions (shame) and 

cognitions (self-esteem), and cognitive emotion regulation strategies. Third, the study explored if 

psychological variables can explain the relationship between contemplative practice and the stress 

response. 

It was hypothesized that MPs will show less reactivity to and more pronounced recovery from 

stress expressed than MN through changes in salivary cortisol, heart rate (HR), and heart rate 

variability (HRV). It was further hypothesized that MPs will feel less threat before the stress, will 

experience less shame and higher self-esteem after the social-evaluative threat, and will score higher 

in adaptive cognitive emotion regulation strategies (acceptance, positive reappraisal, perspective-

taking, positive refocusing) and lower on non-adaptive strategies (rumination, catastrophizing, self-

blame, other-blame). The relationship between CPs, psychological variables associated with the stress 

response, and the physiological stress response, was further explored in secondary mediation 

analyses. In particular, we predicted that (1) primary cognitive appraisal of threat meditates the 

relationship between meditation practice and reactivity to stress and that (2) cognitive emotion 

regulation strategies mediate the relationship between meditation practice and recovery. 

 

2. Methods and materials 

2.1. Participants 

Participants included 29 long-term meditation practitioners (MP) and 26 age- and gender-

matched meditation-naïve (MN) controls. Groups did not differ significantly in descriptive variables, 

except for the self-reported experience in mental calculation (participants were asked if they have 

experience in doing mental calculations). Controlling for this variable in the analyses did not change 

the results. Complete descriptive characteristics and associated tests can be found in Supplementary 

Data Table 1. 

The MN group was recruited through flyers and announcements in community newspapers, and 

the MP group was recruited mainly through flyers and emails to local Buddhist meditation centers. 
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The inclusion criteria for MP was the practice of meditation derived from Buddhist traditions for at 

least 3 years with a regularity of at least 3 hours/week. For MN controls, the inclusion criteria 

consisted of having no primary experience with any kind of meditation. The exclusion criteria for 

both groups included prior participation in the Trier Social Stress Test, psychiatric diagnosis, medical 

conditions, use of medication that could interfere with biological markers of the stress response, and 

use of hormonal contraceptives (Kirschbaum et al., 1995). The protocol was approved by the local 

ethics committees for research involving humans. 

2.2. Procedures 

Participants underwent two laboratory sessions in a counterbalanced order: the stress-inducing 

Trier Social Stress Test, TSST (Kirschbaum et al., 1993), and a placebo version of this test (Het et al., 

2009). After arriving at the lab, the participants were given 10 minutes to rest before they were led to 

another room and presented to a panel of two judges (male and female) and a camera. After the 

standard explanation of the task, participants were led back to the first room and given 10 minutes to 

prepare for the task. After the preparation period, the participants were asked to deliver a task in front 

of an unfriendly committee, a camera and a microphone. The task consisted of a 5-minute speech 

followed by a 5-minute math task. If participants were silent during the speech, they were asked to 

continue; if a mistake was made during the arithmetic task, the participants were asked to restart the 

task. The placebo version of the TSST was performed following a similar protocol and in the same 

rooms as the TSST but without the stress-inducing parts of the TSST (committee, video camera, and 

microphone). Participants were instructed to read out loud a magazine for 5 minutes and count down 

from 200 aloud. All the participants were only scheduled for the TSST sessions in the afternoon 

(Kudielka et al., 2004b), and female participants were scheduled for the experimental sessions during 

the luteal phase of the menstrual cycle (Kirschbaum et al., 1999). The order of the active TSST was 

counterbalanced in each group. Participants were asked to give subjective ratings of stress during both 

active and placebo versions of the TSST. During the active version, participants filled out a 

questionnaire assessing primary cognitive appraisals (anticipation period), state shame, self-esteem, 

negative affect (right after the stressor), and emotion regulation strategies (during recovery period). A 
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detailed description of the measurements is presented in section 2.4., and the schematic representation 

of the experiment flow can be found in the Supplementary Materials Figure 2. 

 

2.3. Biological measures 

Salivary cortisol. The magnitude of the stress response was measured by changes in salivary cortisol 

(a marker of the HPA axis activity). Six saliva samples were collected after 10 minutes of rest (t1), at 

the end of the task preparation period (t2), right after the tasks (t3), and then 10 minutes (t4), 20 

minutes (t5), and 30 minutes (t6) after the task using the Salivette sample device (Sarstedt, 

Nümbrecht, Germany). After each session, the samples were refrigerated and then sent to a laboratory 

for free cortisol concentration analysis. 

Autonomic nervous system (ANS). Heart rate and heart rate variability parameters served as the 

markers of autonomic activity. The cardiovascular measurements were continuously collected using a 

Polar RS800CX cardiac monitor (Polar Electro Ltd., Kempele, Finland) (Nunan et al., 2008) at a 

sampling rate of 1000 Hz. The recorded R-R series was downloaded using Pro Trainer Polar 5 

software. Further data processing was done with the help of Kubios HRV – heart rate variability 

analysis software (Tarvainen et al., 2014). All signals were corrected with the automated artifact 

correction filter (low) from Kubios HRV. Two-minute intervals were created for the rest period (t1), 

preparation period (t2), task (average of 1 minute of speech task and 1 minute of math task, t3), right 

after the task (t4), and then 20 minutes (t5) and 30 minutes (t6) after the task. For those intervals, two 

time-domain indexes were calculated: heart rate (HR), as an index of general sympathetic nervous 

system arousal, and the root mean square of successive differences (RMSSD), an index of vagus-

mediated heart rate variability (Camm et al., 1996). Due to the recording problems, measures from 

one of the sessions were missing in 7 participants (3 from the MP group, 4 from the MN group); those 

participants were excluded from the analyses. 

 

2.4. Self-report measures 

The transactional stress questionnaire (PASA) (Gaab et al., 2005) is a 16-item questionnaire intended 

to measure the primary stress appraisals of threat and challenge as well as secondary appraisals 
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related to the self-concept of one’s own abilities and control expectancy. The State Shame & Guilt 

Scale (SSGS) (Marschall et al., 1994) is a self-report measure compromised of 15 items. Five items 

for each of the three subscales measure state-feelings of shame, guilt, and pride. The State Self-Esteem 

Scale (Heatherton and Polivy, 1991) is a 20-item scale that measures a participant’s self-esteem at a 

given point in time. The Cognitive Emotion Regulation Questionnaire (CERQ) (Garnefski and Kraaij, 

2007; Jermann et al., 2006) is a 36-item questionnaire consisting of the following nine conceptually 

distinct subscales, each consisting of four items referring to what someone thinks after the experience 

of threatening or stressful life events: self-blame, other- blame, rumination, catastrophizing, putting 

into perspective, positive refocusing, positive reappraisal, acceptance, and planning.  Negative and 

positive affect-PANAS (Gaudreau et al., 2006; Watson et al., 1988) is a measure of Positive Affect 

(PA) and Negative Affect (NA), consisting of two 10-items scales. A Visual Analogue Scale (VAS) 

for subjective stress is a measurement instrument that tries to measure a characteristic or attitude that 

is believed to range across a continuum of values and cannot easily be directly measured. The 

participants were asked to indicate to what point they were stressed at the moment from 0 “not 

stressed at all” to 10 “very stressed” at 6 points corresponding to the collection of saliva samples. 

 

2.5. Analyses 

The optimal total sample size of N = 53 (effect value of f = 0.4, with a significance level set at α = 

0.05, power 1 - β = .80) was calculated prior to the recruitment using G-Power software (Faul et al., 

2007). Group difference in demographics variables was tested using t-tests and chi-squares tests. Data 

were tested for normal distribution using the Kolmogorov-Smirnov and Shapiro-Wilk tests together 

with the examination of QQ plots. The missing values across the datasets were identified: 16 (2.42%) 

for cortisol due to insufficient material, 3 (0.52%) for HR and HRV due to the recording problems 

(final part of the R-R wave missing). Pattern of missing values have been analyzed using little MCAR 

test, and taking in consideration that the data were missing at random, the expectation maximization 

technique of imputation was applied (Schafer and Olsen, 1998). Cortisol, HR, RMSSD, and VAS 

variables were log10 transformed prior to the analyses. Outliers (8 in the cortisol dataset, 17 and 16 

for HR and RMSSD datasets respectively) were identified by the boxplots inspection, and analyses 
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were run using datasets with both deleted and winsorized outliers. Analysis of variance (ANOVA) 

was used for the manipulation tests (placebo vs active TSST) for cortisol, HR, RMSSD, and VAS. 

Subsequently, 6 time point variables were calculated by subtracting the value of the placebo TSST 

from the active TSST. Two variables were calculated for cortisol, HR, RMSSD, and VAS: reactivity 

(highest post-TSST value (t4)-first value (t1) for cortisol, TSST value (t3)-first value (t1) for HR and 

RMSSD, and pre-TSST (t2) – first value (t1) for VAS; and recovery (highest post-TSST value (t4)-

last values (t6) for cortisol, TSST value (t3) – post-TSST value (t4) for HR and RMSSD, and pre-

TSST (t2) – last value (t6) for VAS. Analysis of covariance (ANCOVA) was used to test for the 

group difference in reactivity/recovery, with age, gender and baseline/peak measure as covariates. 

Prior to all ANOVA and ANCOVA tests, the assumptions for these tests were checked, and the 

results were corrected by the Greenhouse-Geisser procedure when the assumption of sphericity was 

violated. T-tests were used to test for the group differences in psychological variables, and the Holm–

Bonferroni method was applied to avoid the problem of multiple comparisons (Holm, 1979). 

Reported correlation coefficients are the Pearson’s r values. Mediation analysis was run with the 

SPSS macro PROCESS (Hayes, 2012). Analyses were performed using SPSS and R software.  

 

3. Results 

3.1. Stress manipulation 

Stress manipulation effectively induced psychobiological stress response: results of the factorial 

ANOVAs (condition: active TSST vs placebo TSST X time: t1 to t6) demonstrated changes in 

salivary cortisol: F (1.92, 103.40) = 31.04, p < .001, ηp2 = .37, heart rate (HR): F (3.68, 173.08) = 

18.01, p < .001, ηp2 = .28, heart rate variability (HRV): F (3.85, 146.35) = 4.07, p = .004, ηp2 = .10, 

and subjective rating of stress (VAS): F (3.39, 183.02) = 18.83, p < .001, ηp2 = .26 (Fig. 1a-d). To 

check if order of the session (active TSST first vs placebo TSST first) had an effect on the 

psychophysiological changes in the stress response from placebo to active TSST, order was added as 

a between subject factor. The results of the factorial ANOVAs (condition X time X order) 

demonstrated that the interaction was not significant for salivary cortisol: F (1.97, 104.23) = 2.77, p = 
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.07, ηp2 = .05, HR: F (3.67, 168.86) = 1.46, p = .22, ηp2 = .03, ηp2 = .04, HRV F (3.93, 145.410) = 

1.39, p = .24, ηp2 = .04, or VAS: F (3.39, 179.301) = .88, p = .47, ηp2 = .02. 

- figure 1 - 

3.2. Group differences in response to stress 

The results of the univariate tests (reactivity or recovery as dependent variable) demonstrated that the 

groups did not differ in stress reactivity measured by changes in cortisol: F (1, 55) = 1.164, p = .286, 

ηp2 = .02; HR: F (1, 48) = .463, p = .500, ηp2 = .01; HRV: F (1, 47) = .129, p = .721, ηp2 < .01, or 

VAS: F (1, 55) = .28, p = .594, ηp2 = .01. The group difference was detected only in cortisol recovery 

F (1, 52) = 18.145, p < .001 (adjusted p = .004), ηp2 = .28 (MP: M = .83, SD = .11; MN: M = .72, SD 

= .09) (figure 2). Recovery measured by changes in HR, HRV and VAS was not different between the 

groups: F (1, 48) = .495, p = .495, ηp2 = .01; F (1, 45) = 2.763, p = .104, ηp2 = .07; F (1, 55) = .869, 

p = .356, ηp2 = .02. 

- figure 2 - 

 

3.3. Group differences in anticipatory cognitive appraisals, affect, and emotion regulation 

After adjusting for multiple comparisons, the group difference remained significant for the post-

stressor state shame t(53) = -3.31, p = .009, d = .61, state self-esteem t(53) = 3.14, p = .009, d = .84, 

and emotion regulation strategies of catastrophizing t(53) = -3.20, p = .018, d = .88, acceptance t(53) 

= 4.56, p < .001, d = 1.24, and positive reappraisal t(53) = 4.10, p < .001, d = 1.13. Full tests results 

can be found in Table 1. Figure can be found in Supplementary Materials, figure 1. 

 

3.4. Mediation analysis 

For the mediation analysis, the variable that demonstrated group difference was chosen as the 

outcome variable: cortisol decline (recovery). Group served as the predictor variable. Only the 

variables associated with both predictor and outcome variables have been introduced as mediators 

(Baron and Kenny, 1986). Three variables showed to be associated with both the predictor (X) and 

outcome (Y) variables: acceptance (X: r(51) = .53, p < .001, Y: r(51) = .46, p = .001), positive 

refocusing (X: r(51) = -.31, p = .022, Y: r(51) = -.32, p = .019), catastrophizing (X: r(51) = -.41, p = 
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.002, Y: r(51) = -.29, p = .035). Mediation model included three mediators and two covariates: age 

and gender. Results demonstrated that only acceptance remained associated with both the predictor 

and the outcome variable (b = .011, SE = .005, t = 2.168, p = .035). Group was no longer a significant 

predictor of cortisol recovery after controlling for the mediators, thus supporting mediation hypothesis 

(figure 4). The significance of the indirect effect was tested using bootstrapping procedure. These 

results demonstrated that the indirect coefficient was significant, b = .043, SE = .022, 95% BCI = 

.0097, .0970. The mediator (acceptance) could account for almost a half of the total effect PM = .49. 

figure 3 

 

4. Discussion 

The results of this study suggest that long-term MP benefit from a more adaptive 

psychophysiological response to social-evaluative stress than nonmeditators. These findings extend 

the existing evidence linking CPs with a reduced psychobiological response to stress (Engert et al., 

2017; Hoge et al., 2017; Rosenkranz et al., 2016). An important contribution of this study consists of 

the evaluation of both reactivity to and recovery from stress, with the present results suggesting that 

contemplative training is particularly related to the recovery phase of the stress response. Those 

findings nicely dovetail with an earlier study using autonomic nervous system (ANS) markers of the 

stress response (Goleman and Schwartz, 1976), where CPs were associated with faster recovery from 

stress but not reactivity. Conceptually, those findings are in line with theories addressing the role of 

psychological mechanisms of the stress response. For instance, Brosschot et al. (2005) suggest that 

prolonged physiological activation expressed in higher anticipatory reactivity and longer recovery is 

related to perseverative cognition, defined as the repeated or chronic activation of the cognitive 

representation of stress-related content (Brosschot and Thayer, 2003). It is plausible that 

contemplative training helps to reduce repeated activation of stress-related content during stress 

through the use of adaptive ER strategies.  

Similarly, preservative cognition affects the anticipatory phase of the stress response; in this 

study, we measured only reactivity to the task, but possible differences might exist on the level of 

anticipatory prestress reactivity. It has been proposed that anticipatory endocrine activation has a 
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separate predictive value for psychological health (Engert et al., 2013), and we have preliminary 

evidence relating CPs with decreased anticipatory stress (Britton et al., 2012; Mayor and 

Gamaiunova, 2014).  

This study was the first to look at the association between CPs and experience of self-conscious 

emotions and cognition after social-evaluative stress. As predicted, long-term meditators experienced 

significantly less shame and had higher self-esteem after the stress test. Most importantly, the groups 

did not differ in negative affect. The self is complexly involved in the creation of the affective 

response, but not all affective experiences rely on self, i.e., certain stimuli evoke emotions 

automatically (Leary, 2003). The stress-inducing protocol used in this study potently evokes general 

negative affect due to its novelty and unpredictability, which can explain why the groups did not 

differ in negative affect. Self-conscious emotions, on the other hand, are experienced when actual or 

ideal self-representation is shattered (Tracy and Robins, 2004), and this type of affective experience is 

more correlated to the attachment to one’s self-representation. CPs rooted in Buddhism often lead to 

an important change in self-image, where self is seen as less solid and cohesive than before (Epstein, 

1988). Those changes in self-representation help to process an ego-threatening experience in a less 

defensive way (Brown et al., 2008) and have beneficial effects on self-esteem (Rasmussen and 

Pidgeon, 2011). The results of this study are consistent with empirical evidence from previous 

research linking CPs and shame (Goldsmith et al., 2014; Woods and Proeve, 2014). 

In this study, we further investigated the relationship between CPs and emotion regulation. We 

assessed group differences in both adaptive and maladaptive cognitive emotion regulation strategies. 

In line with previous research (Garland et al., 2011), MPs scored higher on positive reappraisal, an ER 

strategy that permits reconstruction of a stressful event as meaningful or beneficial. However, 

mindfulness practice is linked to noncognitive processing (Vago and David, 2012), and the 

association between mindfulness and cognitive reappraisal remains unclear. Taking into consideration 

that meditators in this study belonged to different traditions and engaged in CPs that go beyond 

mindfulness, it is possible that certain types of CPs (for example, analytical meditation in the Tibetan 

tradition) more greatly affect the use of cognitive processing of stressful stimuli. The group difference 

was equally found in acceptance, a crucial component of several contemplative approaches. 
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Acceptance can be defined as a mental attitude of nonjudgment and receptivity toward internal and 

external experiences (Lindsay and Creswell, 2017). From the set of negative emotion regulation 

strategies, the group difference was found only in catastrophizing, supporting previous research 

results linking an important component of contemplative practices, mindfulness, and catastrophizing 

(Cassidy et al., 2012; de Boer et al., 2014). 

A core contribution of our study to the previous research on CPs and stress was testing a 

mediation model that links CPs and recovery from stress. Our results suggest that CPs affect the stress 

response only through specific ER strategies. Even though meditators scored higher on reappraisal, 

this emotion regulation strategy was not a mediator in the relationship between CPs and stress 

recovery. Reappraisal has been previously found to be positively associated with the ANS changes in 

response to negative emotions (Mauss et al., 2007), but the association with HPA-axis changes differs 

(Lam et al., 2009). In this study, only acceptance was found to be a mediator in the CPs and stress 

response relationship. These findings echo previous results demonstrating that participants instructed 

to only monitor their experience did not show the same reduction in physiological markers of the 

stress response as those who also followed acceptance instructions (Lindsay et al., 2018). Similar 

results were reported in Engert et al. (2017), where CPs modules that included training of the 

acceptance attitude resulted in significant physiological stress reduction. Conceptually, it can be 

concluded that acceptance is efficient in attenuating the perseverative thoughts about a stressor 

allowing efficient recovery of allostatic systems and reducing HPA-axis activation after the threat is 

gone. From the neurobiological perspective, the attenuation of the HPA-axis output can be related to 

the reduced activity of the amygdala, linked to the HPA-axis through the hypothalamus (Sullivan et 

al., 2004). Previous research suggests that CPs are associated with increased activity in the brain areas 

linked to the attenuation of the amygdala (Hölzel et al., 2011; Lieberman et al., 2007). 

Contrary to our predictions, we did not find any group differences in the stress-related changes 

in HR and HRV. It was previously proposed that certain outcomes of CPs (such as equanimity) are 

associated with more adaptive vagal cardiovascular reactivity (Desbordes et al., 2015). However, 

research results from the studies assessing this relationship are also inconsistent (Engert et al., 2013; 

Nyklíček et al., 2013; Shearer et al., 2016). The inconsistencies in findings can be explained by 
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several reasons. First, studies use different indexes of HRV; more assessments using similar protocols 

and indexes are needed to draw a preliminary conclusion on the CPs effects on the parasympathetic 

system. Another possible explanation are the different effects of various types of contemplative 

training on HRV. This idea is supported by previous research in which self-compassion, but not 

focused attention training, resulted in more adaptive RSA (Arch et al., 2014b). A limitation of the 

present study – a non-homogeneous group of meditators – could be responsible for masking the 

effects of contemplative training on the HRV.  

The difference between the HPA axis and ANS-related changes in response to stress echoes 

previous research results by Engert et al. (2017) who suggest that the discrepancy could be explained 

by the difference in the reactivity of the HPA and ANS systems, with HPA axis activity being 

determined by internal evaluation and autonomic activity being a sign of general arousal irrespective 

of its valence. Buddhism-rooted contemplative training, especially in the settings where meditation is 

coupled with the study of Buddhist philosophy, targets primarily ego-threatening aspects of stressful 

experience and less so the arousal.  

Contrary to our prediction, no significant group difference was found in primary cognitive 

appraisals. In this study, we only used a self-report measure of anticipatory cognitive appraisal. Future 

studies should use physiological markers, such as cardiac output and total peripheral resistance that 

permit to differentiate between threat and challenge appraisals (Tomaka et al., 1993). 

One of the main limitations of the study is its observational design. Taking into consideration 

that the groups were not randomized to receive a meditation treatment, the recovery effect obtained 

could in principle be related to the self-selection in engaging in or maintaining CPs. In addition, most 

of the participants from the meditation group belong to a meditation community, and the effects of 

possible social support or other factors related to a broader practice framework cannot be excluded. 

Another limitation is a nonhomogeneity of the meditators group; participants belonged to meditation 

communities derived from various Buddhist traditions, and existing research suggests that various 

types of contemplative practices can have different effects on the stress response (Engert et al., 2017). 

An important limitation of this study that should be taking in consideration while interpreting the 

results, is its small sample size, which is further reduced due to missing subjects for the ANS data. 
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In terms of future research, the present study underlines the importance of extending research 

protocols to disentangling both anticipatory and recovery phases. It will be equally essential to study 

both ANS and HPA-axis related changes in response to stress, as the two systems are not activated in 

a similar manner. Further, we propose to continue exploring the psychological mechanisms that 

underlie the effects of CPs on stress. In particular, we suggest going beyond measures of general 

negative affect and including the assessment of discrete emotions of both positive and negative 

valence. Research on ER and CPs also requires further development. We suggest investigating how 

different types of CP affect choice and the ability to use ER strategies in the context of stress. 

Taken together, this study adds important conceptual insights to the existing literature linking 

CPs with the psychobiological stress response and offers an exploration of the possible mechanisms 

of this relationship. Specifically, it shows that emotion regulation strategy of acceptance is a potential 

mechanism linking long-term CPs and physiological recovery from stress.  
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Table 1 Group difference in psychological variables. 

Variable Group/N M (SD) 95% BCa1 t (df) p (adjusted p) 2 d 

 

Cognitive appraisals 

   
   

    Threat MP/29 2.53 (0.92) [2.18, 2.90] 
.21(53) .838 (.838) .06 

 MN/26 2.47 (1.05) [2.12, 2.93] 

    Challenge MP/29 4.28 (0.92) [3.95, 4.60] 
1.69(53) .098 (.196) .52 

 MN/26 3.81 (1.13) [3.40, 4.21] 

Affect       

    State shame MP/29 5.41 (1.09) [5.09, 5.81] 
-3.31(53) .003 (.009)** .61 

 MN/26 6.85 (2.03) [6.08, 7.64] 

    Negative affect MP/29 25.66 (3.88) [24.32, 27.06] 
.55 (53) .586 (.586) .15 

 MN/26 24.95 (5.57) [22.74, 26.92] 

State self-esteem MP/29 60.76 (5.32) [58.92, 62.59] 
3.14(53) .003 (.009)** .84 

 MN/26 55.54 (6.97) [52.40, 58.23] 

Emotion regulation       

   Self-blame MP/29 10.55 (3.13) [9.34, 11.84] 
.89 (53) .377 (1.000) .24 

 MN/26 9.82 (2.96) [8.87, 10.89] 

   Other-blame MP/29 6.87 (1.87) [6.29, 7.52] 
-2.01(53) .050 (.200) .53 

 MN/26 8.23 (3.09) [7.10, 9.42] 

   Rumination MP/29 12.48 (2.57) [11.50, 13.48] 
.36(53) .718 (1.000) .10 

 MN/26 12.19 (3.26) [11.00, 13.51] 

   Catastrophizing MP/29 5.21 (1.21) [4.79, 5.64] 
-3.20(53) .003 (.018)* .88 

 MN/26 7.04 (2.69) [6.08, 7.97] 

   Acceptance MP/29 15.83 (3.28) [14.64, 17.11] 
4.56(53) .000 (<.001)*** 1.24 

 MN/26 11.88 (3.10) [10.71, 13.14] 

   Positive refocusing MP/29 8.11 (3.20) [7.06, 9.17] 
-2.29(53) .026 (.130) .61 

 MN/26 10.46 (4.37) [8.85, 12.30] 

   Perspective taking MP/29 13.38 (3.31) [12.23, 14.53] 
-.03(53) .974 (1.000) .01 

 MN/26 13.41 (3.99) [11.74, 14.93] 

   Positive reappraisal MP/29 17.48 (1.94) [16.78, 18.14] 
4.10(53) .000 (<.001)*** 1.13 

 MN/26 13.85 (4.12) [12.36, 15.43] 
1 Bootstrap results are based on 1000 bootstrap samples, 2 p-values are adjusted using the Holm-Bonferroni method, 3 *p < .05, **p < .01, ***p < .001 
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Figure 1. Change in salivary cortisol, subjective measure of stress, heart rate, heart rate variability in 

active and control versions of the TSST. bpm = beats per minute, msec = milliseconds, rmssd = root 

mean square of successive differences, vas = visual analogous scale. 

 

Figure 2. Group differences in the stress response (reactivity and recovery) measured by salivary 

cortisol. Reactivity is indexed as a change from baseline to t4 (20 minutes after the beginning of the 

speech task). Recovery is indexed as a change from t4 to t6 (40 minutes after the beginning of the 

speech task). Age, gender and t1 (baseline measure) for reactivity and t4 for recovery were included 

as covariates in the model. Winsorizing the outliers did not change the pattern of the results. 

 

Figure 3. Unstandardized regression coefficients for the relationship between group and cortisol 

recovery as mediated by cognitive emotion regulation strategies: acceptance, catastrophizing, positive 

refocusing. The direct effect of group on the cortisol recovery controlling for the mediators is in 

parenthesis. *p < .05, **p < .01, ***p < .001 
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