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Highlights 

 A 3-day intensive Mindfulness practice improves biomarkers of stress and inflammation  

 Significant reduction in IL-6 and IL-8 and increase in IL-10 levels were found 

 Retreat participants showed significant reduction in stress and anxiety levels 

 Significant correlation between cortisol values and both anxiety and stress scores. 
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Abstract 

Objective: Mindfulness practice, a form of meditation, has shown benefit for psychological and physical 

health. In this study, we investigated the effect of an intensive period of Mindfulness practice on some 

biological mediators of stress and inflammation during a 3-day residential retreat. 

Methods: A total of 95 healthy individuals (aged 18–67) were recruited and randomized to a Mindfulness 

retreat arm or an active control arm. Before (t0) and after (t1) the intervention, all the participants were 

assessed for salivary cortisol levels and for a panel of pro- and anti-inflammatory cytokines measured in 

saliva. Psychometric measures on stress, anxiety and awareness were carried out using PSS, STAI-Y and 

MAAS questionnaires, respectively.  

Results: As to the within-group differences, we observed a statistically significant decrease in perceived 

stress (β= -8.85, p<0.0001), and anxiety scores (β= -12.39, p<0.0001), while awareness increased (β= 15.26, 

p<0.0001) between t0 to t1 in retreat participants. In the mindfulness intervention group, we also observed a 

statistically significant reduction in the levels of pro-inflammatory cytokines IL-6 (β= -0.94 p=0.001) and IL-

8 (β= -176.40, p<0.0001), and an increase in anti-inflammatory IL-10 (β=0.89 p<0.0001) levels at the end of 

the retreat. At t1 we observed a highly significant correlation between cortisol levels and both anxiety 

(r=0.56, p <0.0001) and perceived stress (r=0.92, p< 0.0001) scores.  

Conclusions: Mindfulness retreat participants showed a significant reduction in perceived stress and anxiety 

levels, as well as an improved balance of some key mediators of inflammatory states. Our data provide 

evidence that a mindfulness retreat may be effective in improving physical and mental health. Future studies 

with larger numbers of subjects and follow-up periods may examine mindfulness practice as a non-

pharmacological alternative to promote stress reduction and overall health and wellbeing. 

 

Keywords (max 6): cortisol, cytokines, inflammation, Mindfulness, retreat, salivary biomarkers 
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1. Introduction 

A growing body of evidence suggests that Mindfulness meditation may have positive psychological 

and health effects in both clinical and nonclinical populations (Brown and Ryan, 2003; Grossman et al., 

2004; Gu et al., 2015; Pace et al., 2009). Mindfulness Based Programs (MBPs) have been successfully used 

in patients with chronic conditions to reduce stress and regulate emotions (Grossman et al., 2004) and mood 

disorders, such as anxiety (Wong et al., 2016) and depression (Kuyken et al., 2015; Piet and Hougaard, 

2011). 

Evidence emerging from neuroscience research demonstrates that Mindfulness practice can modulate 

brain neuroplasticity, influencing the structure and function of brain regions involved in the control of 

attention, regulation of emotion and self-awareness (Santarnecchi et al., 2014, 2021; Tang et al., 2009, 2015). 

However, the biological mechanisms underlying the effectiveness of Mindfulness are not yet fully known. 

Among the biological markers potentially affected by Mindfulness, cortisol secretion is considered a 

reliable indicator of hypothalamic pituitary adrenal (HPA) axis activity and its levels are generally sensitive 

to MBPs (Matousek et al., 2010). Also, Mindfulness practice may positively enhance biological functioning 

through the regulation of inflammatory pathways (Bower and Irwin, 2016). Chronic inflammation plays an 

important pathogenetic role in many diseases such as asthma, rheumatoid arthritis, diabetes, obesity and 

Alzheimer's, just to name a few (Slavich, 2015; Weintraub, 2012). Activation of the cell-mediated response 

and the increased release of inflammatory mediators also contribute to the onset of depressive symptoms, 

anxiety, fatigue and neurocognitive disorders (Kim et al., 2016; A. H. Miller et al., 2009; Walsh et al., 2016). 

Chronic exposure to a stressful agent causes a dysregulation of the HPA axis and glucocorticoid-resistance 

(Cohen et al., 2012; Slavich and Irwin, 2014). Stress can induce a systemic and chronic state of "low-grade 

inflammation", with increased levels of circulating inflammatory biomarkers such as C-reactive protein 

(PCR), interleukin 6 (IL-6) and interferon-gamma (INF-γ) (Kiecolt-Glaser et al., 2003; Rohleder, 2012; 

Steptoe et al., 2007; Szabo et al., 2020).  

Studies conducted in randomized clinical trials indicate that MBPs can reduce inflammatory cytokines in 

stressed subjects (Creswell et al., 2016; Malarkey et al., 2013; Rosenkranz et al., 2013) and down-regulate 

expression of inflammation-related genes (Creswell et al., 2012). However, most of the studies have 

examined populations with chronic diseases (Lengacher et al., 2019, 2012; Sanada et al., 2020; Walsh et al., 
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2016; Witek Janusek et al., 2019) making it difficult to extend these findings also to healthy individuals. 

Finally, many studies in this field fail to include an active control group. 

It has been reported that meditation retreats are moderately to highly effective in relieving 

psychological symptoms of stress, anxiety, and depression (Khoury et al., 2017; Kozasa et al., 2015; 

Montero-Marin et al., 2016) thus improving wellbeing. In addition, it has been reported that after just 5 days 

of training, the regulation of the autonomic nervous system (decreased heart rate and blood pressure) 

improves (Tang et al., 2009). Mindfulness practice may impact different pathways, including changes in the 

immune and endocrine systems. For example, lower salivary cortisol levels and higher salivary IgA levels 

were reported after a short training (Tang et al., 2007). However, there are few studies (Cahn et al., 2017; 

Conklin et al., 2018; Jacobs et al., 2013, 2011; Krygier et al., 2013; Wielgosz et al., 2016) devoted to 

assessing the impact of intensive Mindfulness retreats on biological parameters, especially on inflammation 

status, in healthy meditators.  

Given the key role of inflammation in health and disease (Weintraub, 2012), we investigated the 

effects of an intensive Mindfulness practice on stress and inflammation during a 3-day residential retreat. 

Meditation retreats allow subjects to engage in full-time intensive practice, under the guidance of 

experienced teachers, but also has the „vacation‟ effect which alone might reduce biological processes related 

to stress and cognitive overload. Therefore, to study the effects of Mindfulness independent of the vacation 

effect we compared retreat participants with an active control vacation group. 

 

2. Materials and Methods 

2.1. Participants 

For this study, 129 healthy women and men aged 18–67 were recruited and randomized to 

Mindfulness retreat arm or a control vacation arm. Eligibility criteria included: age > 18 years. Exclusion 

criteria included: specific psychiatric disturbance (i.e., psychosis, mania, Post Traumatic Stress Disorder, 

substance dependence, including pharmacologically treated depression), immune disease or disorder, acute 

illness, cancer, treatment with psychotropic agents and anti-inflammatory drugs (corticosteroids and 

NSAIDs) in the last month, or a smoking habit. Volunteers were tested at the beginning and at the end of a 3-

day intensive residential Mindfulness retreat. The effect of participation in a 3-day retreat was compared 
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with a 3-day residential vacation group. The control vacation group was hosted at the same resort, but they 

did not take part in any retreat activities. The study was in agreement with the Helsinki Declaration. Ethical 

approval was obtained from the local Research Ethics Committee and informed written consent was obtained 

from all participants. There was no financial incentive offered to participants in either the cost of 

participating in the retreat or other compensation. 

 

2.2. Study Procedures 

2.2.1. Baseline Assessment 

All study participants underwent an identical set of assessments, which included completing study 

questionnaires and saliva sampling. Participants received an overview of the study, a packet of 

questionnaires and 2 Salivette tubes for saliva sampling (pre- and post-). Participants gave saliva between 

5:00 and 6:00 am and were asked to abstain from caffeine, exercise, and alcohol/drugs at least 12 hours prior 

to the sampling. 

2.2.2. Description of the Retreat Intervention 

Retreat participants were instructed in Mindfulness meditation, a style of Vipassana practice 

stemming from the Buddhist tradition. The Mindfulness meditation retreat was guided by two teachers with 

decades of meditation experience. Both are formally recognized as Roshi (recognized teacher) in a Zen 

lineage. One teacher has several years of experience as a senior teacher and teacher trainer as a faculty 

member at the Center For Mindfulness (CFM) founded by Jon Kabat-Zinn at the University of 

Massachusetts. 

The daily schedule included alternating periods (45 min) of sitting and walking meditation, for about 

10 h per day, along with free rest time and regular meal times. During sitting meditation, practitioners were 

asked to focus their attention on their breath and notice any bodily sensations. They were invited to observe 

their thoughts, sensations and feelings with awareness, kindness and equanimity. During walking meditation, 

practitioners were instructed to bring attention to the soles of their feet, being aware of the alternating 

patterns of contact and release, and notice all the different sensations in their feet and the rest of the body. 
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The retreat was held in “noble silence”, meaning participants refrained from verbal and written 

communication, as well as eye contact, except during periodic meetings with teachers.  

2.2.3. Active Control (vacation) group 

The control participants followed a schedule similar to retreat participants in terms of wake up, 

breakfast, lunch, and dinner times. In the morning and the afternoon they were able to choose between a 

number of leisure options, alone or with others: walking in nature, stretching, resting, reading and 

conversation with others. They were invited to do what they would normally do on a vacation, emphasizing 

participation in these activities in a restful way rather than a mindful way. They were asked not to engage in 

more exercise than they would in their normal lifestyle and to refrain from consumption of more than one 

alcoholic drink per day. 

2.2.4. Post-treatment Assessment 

The last day of retreat participants completed assessment measures equivalent to those collected 

during the baseline session.  

2.3. Psychometric Scales 

Psychometric questionnaires included the Perceived Stress Scale (PSS; (Cohen et al., 1983)), the 

State Anxiety Inventory (STAI-Y form; (Vigneau and Cormier, 2008)), and the Mindful Attention 

Awareness Scale (MAAS; (Brown and Jones, 2013)). 

2.3.1. Perceived Stress Scale (PSS). This is a scaled 10-item questionnaire designed to assess the degree to 

which situations in a subject‟s life are perceived as stressful. Each item was rated by patients on a scale 

ranging from 0 (never) to 4 (very often). Higher scores indicate greater levels of stress.  

2.3.2. State Anxiety Inventory (STAI) - Form Y. This is a self-report questionnaire for measuring anxiety in 

adults. The STAI is composed of a total of 20 self-report items related to state anxiety which is defined as the 

“intensity of the anxiety emotion in this moment”. Participants have to indicate how frequently they have the 

experience shown in each item on a scale ranging from 0 (never) to 4 (very often). 
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2.3.3. Mindful Attention Awareness Scale (MAAS). This is a self-report questionnaire used to evaluate the 

Mindfulness construct of "presence or absence of attention and awareness in the present moment" (Brown 

and Ryan, 2003). It consists of 15 items that can assess the individual differences in frequency of mindful 

states and produces a unique major score of Mindfulness. Participants have to indicate how frequently they 

have the experience shown in each item with a score from 1 to 6 on a Likert scale: 1 (almost always) to 6 

(almost never). All items were recoded so that a higher mean score indicates higher mindful attention.  

 

2.4. Biological evaluation 

2.4.1. Saliva sampling  

Saliva was collected with the use of Salivettes® (Sarstedt-Nuembrecht, Germany) 30 min after 

waking up on the day of enrolment and at the end of the 3-day period. Written and verbal instructions were 

given to participants prior to the procedure. Participants were asked to abstain from caffeine, alcohol, and 

exercise for 12 hours prior to saliva sample collection. To collect saliva, participants rinsed their mouths with 

bottled water for 30 seconds, waited 10 min, then removed a swab from Salivette tube and chewed it for 

about 1 minute to stimulate salivation. The swab was returned to the Salivette tube and immediately stored at 

−20°C before being transferred to −80°C until the assay was performed. 

 

2.4.2. Biological assays 

Saliva samples were thawed and then centrifuged at 1000 x g for 1 min Clear saliva was recovered 

and used for biological assays. A number of key biomarkers of stress and inflammation were evaluated pre 

and post retreat on saliva samples. a) Cortisol was assayed using standard enzyme-linked immunoassay 

procedures (R&D Systems, Inc., Abingdon, UK). Samples were assayed in duplicate and averaged. Lower 

limit of detection was 0.07 ng/ml; intra and inter-assay variation had coefficients of covariance at less than 

10%. b) Salivary concentrations of cytokines (IL-2, IL-4, IL-6, IL-8, IL-10, IFN-γ, TNF-α and GM-CSF) 

were measured according to manufacturer specifications using the Bio-Plex Pro Assays (Bio-Rad 

Laboratories, Segrate, MI, Italy). Bio-Plex Pro Assays are immunoassays formatted on magnetic beads that 

utilize principles similar to those of a sandwich ELISA. Capture antibodies against the biomarker of interest 

are covalently coupled to the beads. A biotinylated detection antibody creates the sandwich complex, and the 
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final detection complex is formed by the addition of a streptavidin-phycoerythrin (SA-PE) conjugate, where 

PE serves as the fluorescent reporter. Reactions are read using a Luminex-based reader. All assays were 

performed in duplicate to maximize reliability. 

 

2.5. Statistical Analysis 

Differences between groups at baseline were analyzed using chi-squared test for categorical variable, 

t-test or Wilcoxon rank-sum test for continuous variables as appropriate.  

For each outcome, a nonparametric Wilcoxon signed ranks test was first used to assess the 

differences between the measurements at t0 and t1 (t1-t0). Then to evaluate pre (t0) - post (t1) changes 

between the two groups, accounting for repeated measures, each outcome was analyzed using linear mixed 

model effect (lme R package) (Pinheiro and Bates, 2000) with group (i.e. control and Mindfulness), time 

(i.e., t0 and t1) and their interaction (time*group) as fixed effects. Interaction occurs when the effect of one 

variable depends on the value of another variable; so, in our application, to find a statistically significant 

interaction term means that there is an effect of time (post-pre) on the outcome which is different in the two 

groups. In case of statistically significant interaction, we tested the main simple effects, estimating the effect 

of time separately in each group (within-group pre-post differences). A random intercept for each subject 

was added in the linear mixed models to account for intra-subject correlation produced by the two repeated 

measurements (at t0 and t1) carried out on the same subjects (90 subjects ×2 measurements = 180 

observations but only 90 of them independent). P-values < 0.05 on 2-sided test is considered as statistically 

significant. All models were adjusted for sex and age. Benjamini-Hochberg correction, fixing the false 

discovery rate (FDR) at alpha<0.05, was used to account for multiple comparison. Pearson's pairwise partial 

correlations (r), adjusted for sex and age, and the corresponding p-values were also calculated to investigate 

the relationship between cortisol and IL-6, IL-8, IL-10, PSS, and STAI-Y at t0 and at t1 in the two groups, 

both globally and separately. Data are presented as mean ± Standard Deviation (SD) and all the analysis 

were performed using R 3.4.2 software (R Development Core Team, 2017).  

 

3. Results  

3.1. Participant flow 
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For this study 129 women and men were assessed for eligibility and 34 were excluded because they 

did not meet inclusion criteria (n=29) or declined to participate (n=5). Consequently, a total of 95 (73.6%) 

were eligible and were randomly allocated to the intervention group (n=48) and to the control vacation group 

(n=47). The participants‟ flow chart is shown in Figure 1. 

Two people from the intervention group and 3 from the control group were excluded from the 

analysis due to poor quality of biological samples provided or to failure to deliver saliva sample at t1 (post). 

3.2. Baseline data 

We analyzed samples from 90 subjects (40 males and 50 females, Age = 46.58 ± 10.76 years) 

randomly allocated to the Mindfulness or control groups. Table 1 reports baseline characteristics of the 

samples analyzed within each group. The mean age of participants randomized in the Mindfulness and 

control groups was 46.35 and 46.82, respectively. Female participants were in majority in both groups. 

However, no significant difference in the number of male and female participants between groups was found 

(p=0.81). 

The descriptive statistics (mean ± SD) for each outcome variable collected both at t0 and t1 in the 

two groups are reported in Table 2 and the variables‟ means and their 95% CI at the two times are plotted in 

Figure 2. No detectable amounts of other tested cytokines (IL-2, IL-4, IFN-γ, TNF-α and GM-CSF) were 

observed in saliva samples from either group. There were no statistically significant differences between the 

two groups at baseline in the studied variables. 

3.3 Retreat intervention effect 

Firstly, nonparametric Wilcoxon signed ranks test indicates that the difference between the 

measurements at t0 and t1 in retreat participants is statistically significant in all the analyzed endpoints: PSS 

(p<0.0001), STAI-Y (p<0.0001), MAAS (p<0.0001), cortisol (p<0.0001), IL-6 (p=0.0002), IL-8 (p<0.0001) 

and IL-10 (p<0.0001). 

For the evaluation of pre- and post- treatment changes, results of the linear mixed models are 

reported in Table 3 and show a different effect of time (post-pre) in the two groups on each outcome 

Jo
ur

na
l P

re
-p

ro
of



analyzed being the interaction term (time*group) significant. There was not a significant main effect of 

gender and age on the variables analyzed.  

After testing for the presence of a statistically significant interaction, we also ran a simple effect 

analysis. This allowed us to stratify the data according to the groups and testing the effect of time separately 

within each group. After multiple testing correction, this latter analysis showed that PSS scores significantly 

decreased over time in both the Mindfulness (β=-8.85 [95%CI -10.63; -7.07] p<0.0001) and in the control 

(β=-2.52 [95%CI -3.83; -1.22] p=0.002) groups. STAI-Y (β=-1.98 [95%CI -4.19;0.23] p=0.11), MAAS 

(β=1.70 [95%CI -0.19;3.60] p=0.11), cortisol level (β=-0.22 [95%CI -0.40; -0.04] p=0.07), and IL-10 level 

(β=0.08 [95%CI 0.001;0.17] p=0.11) did not significantly change over time in the control group. On the 

other hand, in the mindfulness group we observed a highly significant decrease of STAI-Y scores (β= -12.39 

[95%CI -14.39; -10.39] p<0.0001) and cortisol level (β=-1.24 [95%CI -1.46; -1.02] p<0.0001), and a highly 

significant increase of MAAS scores (β= 15.26 [95%CI 12.09;18.43] p<0.0001) and IL-10 levels (β=0.89 

[95%CI 0.75;1.04] p<0.0001). Finally, IL-6 and IL-8 levels did not show statistically significant change over 

time in the control group (β=-0.11 [95%CI -0.41;0.19] p=0.55 and β=7.85 [95%CI -53.97;69.67] p=0.80, 

respectively) but were significantly decreased in the mindfulness group (β= -0.94 [95%CI -1.49; -0.40] 

p=0.001 and β=-176.40 [95%CI -242.79; -110.01] p<0.0001, respectively).  

 

3.4 Correlations between cortisol and IL-6, IL-8, IL-10, PSS and STAI-Y 

Considering the two groups globally, Pearson's pairwise partial correlations showed that at t0, 

cortisol values have a high statistical positive correlation with IL-6 levels (r=0.40 p=1.6e-04), STAI-Y scores 

(r=0.63, p<0.0001) and PSS scores (r=0.97, p< 0.0001), but have only a mild statistical positive correlation 

with IL-8 levels (r=0.25 p=0.02). No correlation was observed between cortisol and IL-10 (r=-0.18 p=0.09). 

Similar results were also found at t1, which show a high statistical positive correlation between cortisol 

values and IL-8 levels (r=0.45 p<0.0001), STAI-Y scores (r=0.64, p<0.0001) and PSS scores (r=0.95, 

p<0.001) and a mild significant correlation with IL-6 levels (r= 0.27 p=0.01). In relation to cortisol and IL-

10, at t1 we observed a statistically significant negative correlation (r=-0.42, p<0.0001). 
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If we consider the two groups separately, within the Mindfulness group at t0 we did not observe a 

significant correlation between cortisol values and IL-6 (r=0.24 p= 0.11), IL-8 (r=0.18 p= 0.23) and IL-10 

(r=0.003, p=0.98) levels. Instead, we observed a significant correlation between cortisol values and both 

STAI-Y (r=0.64, p<0.0001) and PSS (r=0.98, p< 0.0001) scores. Similar results were also obtained at t1, 

where there was not a significant correlation between cortisol values and IL-6 (r=0.05 p= 0.73) and IL-10 

(r=-0.24, p=0.11) and only a mildly significant correlation between cortisol values and IL-8 levels (r=0.30 p= 

0.04) were observed. At t1, similar to findings at t0, we observed a highly significant correlation between 

cortisol values and both STAI-Y (r=0.56, p <0.0001) and PSS (r=0.92, p< 0.0001) scores. 

When analyzing the control group, at t0 we observed a highly significant correlation between cortisol 

values and IL-6 levels (r=0.70 p< 0.0001), STAI-Y (r=0.63, p<0.0001), PSS score (r=0.97, p< 0.0001), IL-8 

levels (r=0.38 p= 0.01) and IL-10 levels (r=-0.38, p=0.02). Similar results were also obtained at t1, showing 

a significant correlation between cortisol values and IL-6 levels (r=0.49 p= 0.001), IL-8 levels (r=0.44, 

p=0.003), PSS scores (r=0.94, p<0.0001) and STAI-Y scores (r=0.48 p= 0.001). No significant correlation 

was observed at t1 between cortisol values and IL-10 (r=-0.23, p=0.14). 

To visualize the relationship between cortisol and PSS, which shows a highly significant positive 

partial correlation, in Figure 3 we have plotted the residuals of the linear regression between PSS as outcome 

and age and sex as predictors (y-axes) and the residuals of the linear regression between cortisol as outcome 

and age and sex as predictors (x-axes). 

 

4. Discussion 

Extensive evidence in the literature demonstrates that Mindfulness practice can reduce psychological 

symptomatology (e.g., decreases in perceived stress, anxiety and depression) and supports the notion that 

Mindfulness-based programs may be beneficial for individuals coping with a wide variety of clinical and 

non-clinical problems (Grossman et al., 2004; Gu et al., 2015). However, some concerns have been raised 

about the subjectivity of these self-reports which may not reflect bodily states in a valid or reliable manner.  

The present study examines whether a brief intensive Mindfulness retreat could reduce self-reported 

distress and related salivary inflammatory markers in healthy individuals. As predicted, the obtained results 
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highlight the positive impact of Mindfulness practice on biomarkers of stress and inflammation in promoting 

psychological wellbeing through decrease in perceived stress and anxiety levels and an increase in 

awareness. 

While beneficial effects of a Mindfulness retreat on combined psychological symptoms (including 

anxiety, depression and stress), as well as increases in awareness have been described (Cahn et al., 2017; 

Jacobs et al., 2011; Khoury et al., 2017; Montero-Marin et al., 2016), not all researchers have reported 

beneficial effects of participation in a Mindfulness retreat on the physiological pathways that are modulated 

by stress.  

Cortisol is the main stress hormone and measurement of free cortisol levels within the 60 min after 

awakening in the morning is considered a stable and reliable biological marker of adrenocortical activity 

(Matousek et al., 2010). In our study, we found decreases in self-reported distress questionnaires (PSS), 

regardless of whether subjects were in the intensive Mindfulness retreat or in the vacation group. In the 

Mindfulness group, decrease in perceived stress was associated to a highly significant decrease of cortisol 

levels which did not significantly change over time in the control group. The similarities between the groups 

in subjective stress perception may be attributed to the beneficial effects of short-term relaxation typical of a 

vacation.  

However, our study design allowed us to evaluate the specific effects of a Mindfulness retreat 

independent of the vacation effect. In fact, only participants in the 3-day retreat also self-reported statistically 

significant decreases in anxiety as well as significant increases in awareness. Our data are in agreement with 

previous studies showing that participation in retreats is associated with decrease in self-reported anxiety 

(Cahn et al., 2017). Anxiety is a common neurobehavioral correlate of a variety of stressors. It is known that 

stress responses are differentially influenced by the individual perception of the stressor and the perceived 

ability to cope with it. One potential explanation for how MBPs reduce anxiety is that these interventions 

reduce avoidance of negative affect. Mindfulness practice increases capacity for emotional regulation and 

awareness of inner and outer experiences. This helps develop an attitude of acceptance of these experiences 

as they are, without reacting to them or judging them negatively. It has been reported that Mindfulness 

practice may reduce negative dimensions of psychological distress and promote emotional regulation by 

enhancing the ability of cognitive reappraisal (Garland et al., 2015). Mindfulness seems to recruit brain 
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circuits exerting an emotion regulation onto the amygdala, one of the brain structures that is known as highly 

relevant for emotional processing (Kral et al., 2018). Studies have shown that Mindfulness practice improves 

executive brain functioning and increases activation of prefrontal cortical areas (PFC) - specifically 

dorsolateral (DLPFC), ventrolateral (VLPFC), dorsomedial (DMPFC) - and insula during the expectation, 

but not the perception of negative stimuli (Brown and Jones, 2013; Opialla et al., 2015). Interestingly, once 

activated, mindful processing may no longer require activation of prefrontal areas. In fact, in experienced 

meditators exposed to unpleasant or painful stimuli, sensory processing regions of the brain showed greater 

activation, while activation of prefrontal regions appeared to decrease, suggesting a lack of effortful 

regulation (e.g., stimulus reappraisal) (Gard et al., 2012). 

In the past few decades, psychoneuroimmunology studies have demonstrated the interplay between 

the central nervous system (CNS) and the immune system, and how thoughts and emotions may affect 

immune function. Psychological stress may alter immune function by activating physiological pathways, 

such as the autonomic nervous system and the HPA axis. Additionally, it has also become apparent that the 

immune system can influence the CNS, indicating a bidirectional circuit between these two systems. The 

interaction between these two systems is confirmed by the co-existence of increased levels of cortisol and 

pro-inflammatory cytokines in psychological disorders such as depression and anxiety (Felger, 2017; 

Horowitz et al., 2020). Glucocorticoids appear to be crucial in controlling the individual repertoire and 

magnitude of immune reactions. Various immune cells express glucocorticoid receptors which bind cortisol 

and interfere with the function of NF-κB, a key player in the regulation of inflammation (Riccardi et al., 

2002). In the present study, we observed a highly significant correlation between cortisol levels and both 

STAI-Y (anxiety) and PSS (perceived stress) scores in the retreat participants.  

Of particular interest are the findings related to the effect of the Mindfulness retreat on markers of 

inflammation. In the Mindfulness group we detected a statistically significant reduction in the levels of two 

important pro-inflammatory cytokines (IL-6 and IL-8), and a significant increase in the levels of anti-

inflammatory cytokine IL-10. These changes were not present in the active control group. 

Many human and animal studies have shown that physiological pathways involving inflammatory 

and stress responses likely play an important role in the etiology of anxiety and other psychiatric disorders 

(O‟Donovan et al., 2010; Sominsky et al., 2013). IL-6 is a molecule that plays a key role in organizing 
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inflammatory responses and increased levels of this cytokine have been associated with acute and chronic 

stress levels (Rohleder, 2014). In mice, repeated social defeat stress caused a robust increase in IL-6, which 

induced a recruitment of pro-inflammatory monocytes to the brain triggering the onset of anxiety-like 

behavior (Niraula et al., 2019). In line with a hypothesized decrease in inflammatory processes resulting 

from intensive Mindfulness practices, we found that the pro-inflammatory cytokine IL-8 was significantly 

reduced after the retreat. This cytokine shows chemotactic activity and plays a key role in the acute 

exacerbation of inflammation. In addition to its function in the immune system, IL-8 also shows 

neuroprotective properties. Plasma IL-8 positively correlated with perceived stress and with symptoms of 

anxiety (Memon et al., 2017). The cytokine response to stress also includes Th2-mediated production of IL-

10, an anti-inflammatory cytokine able to reduce the expression of the Th1-produced pro-inflammatory 

cytokines. Decreased IL-10 expression was found in the hippocampus of the stressed mice (Labaka et al., 

2017). In the present study, we detected a significant increase in the levels of anti-inflammatory cytokine IL-

10 in the Mindfulness group after retreat. The increase in this cytokine has been hypothesized to be related to 

enhanced stress resilience. This hypothesis is supported by a study carried out on individuals exposed to 

urban violence in Brazil. In this study, the more resilient individuals exposed to trauma but not experiencing 

PTSD showed significantly higher IL-10 levels (Teche et al., 2017). 

To the best of our knowledge, this is the first study in which salivary pro- and anti-inflammatory 

markers from a healthy population have been investigated before and after an intensive Mindfulness retreat. 

Previous studies have demonstrated the health benefits of a meditation retreat on psychological outcomes, 

but few also reported the effect on some biological parameters. Cahn et al. (Cahn et al., 2017) have shown 

that participation in a 3-months yoga-meditation retreat was associated with increases in the plasma levels of 

brain derived neurotrophic factor (BDNF) and anti-inflammatory cytokine IL-10, and a reduction of pro-

inflammatory cytokine IL-12. Surprisingly, plasma levels of other pro-inflammatory cytokines, including IL-

6, and IL-8 were increased after the retreat. To explain this discrepancy, the authors hypothesize various 

explanations, including the stress inherent in the intensive 3-month meditation retreat. Conversely, Shields et 

al. (Shields et al., 2020) found a decreased inflammatory activity (indexed as the ratio of IL-6 to IL-10) from 

the pre- to the post-retreat assessment in participants of a 3-months meditation retreat. This was significantly 

associated with better controlled attention, supporting the idea that higher levels of inflammatory activity 
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may affect executive function and controlled attention. Cortisol and pro-inflammatory cytokines are both 

know to affect the hippocampus and cognitive functioning, interacting via central and peripheral mechanisms 

(Sudheimer et al., 2014).  

It is important to emphasize that, unlike the above reported studies, biological assays for the present 

study were carried out using saliva. Compared to plasma, saliva has multiple advantages, including non-

invasiveness and ease of sample collection which can be performed independently by the participant. This 

enables a safer and easier sample collection in a retreat setting. Another advantage is that this kind of 

sampling requires minimal active compliance on the part of the subject being studied, without pain or stress. 

Despite evidence that salivary levels of cytokines do not always correlate with plasma concentrations, they 

can be measured, and they have increased significantly in response to stress across multiple studies (for a 

review see (Slavish et al., 2015). MBPs have been found to be effective in reducing salivary cytokines in 

different clinical setting (Lengacher et al., 2019, 2012; Walsh et al., 2016). However, to the best of our 

knowledge, studies investigating the effect of an intensive Mindfulness retreat on salivary cytokines are 

lacking. 

Although we cannot discriminate which parts of the retreat affect these beneficial changes, it is likely 

that they are due to a combination of psychological and behavioral factors that lead to better coping 

mechanisms, along with regulation of biological pathways that improve our stress response. Both the 

autonomic nervous system and immune system are widely regarded as systems that cannot be voluntarily 

influenced. However, some studies (Kox et al., 2012, 2014) demonstrated that these systems can be 

voluntarily influenced through some practices, such as meditation and breathing techniques. In these studies, 

voluntary activation of the sympathetic nervous system resulted in epinephrine release and higher plasma 

levels of the anti-inflammatory cytokine IL-10, which negatively correlated with levels of pro-inflammatory 

mediators. 

Moreover, our hypothesis is that, even in subjects considered healthy, slightly altered levels of 

inflammatory markers may be present, presumably attributable to the phenomenon of systemic low-grade 

inflammation. This type of inflammation has to be carefully distinguished from responses to infection or 

injury and it is much lower in magnitude (Rohleder, 2019). There is evidence that exposure to everyday 

social stress and certain social, environmental and lifestyle factors can promote systemic low-grade 
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inflammation (Miller et al., 2019) (Rohleder, 2019) (Kiecolt-Glaser et al., 2003) (G. E. Miller et al., 2009). 

At the current state of knowledge, it is not possible to extrapolate what reported for blood parameters to 

salivary parameters, and changes in salivary cytokines do not necessarily indicate systemic change. This may 

be considered a limitation of the present study. However, although saliva-based measures do not map well 

onto systemic measures of inflammation, they may still be strongly predictive of disease and well-being and 

may have both clinical and research utility. In healthy people, several studies have found associations 

between salivary levels of cytokines and psychosocial factors (Giletta et al., 2018; Janusek et al., 2017; 

Saban et al., 2018). Higher levels of some salivary cytokines have been found in adults after social stressor 

tasks (Chiang et al., 2012; Izawa et al., 2013), socio-cognitive stress (La Fratta et al., 2018) or in response to 

prolonged stress (Lester et al., 2010). In light of the above reported discussion, we believe that decreases in 

salivary cytokines observed in our study may be relevant to evaluate the effect of an intensive mindfulness 

practice. Additional research validating salivary inflammation measures to systemic inflammation and to 

health is needed. 

Another limitation of the study should be taken into account. Previous meditation experience of 

participants was not screened. Most participants had previous meditation experience at beginner level (1-3 

years). However, we have no data about the frequency and continuity of their daily meditation routines. It 

would have been interesting to compare the experienced meditators with meditation-naïve people, but this 

was not possible in the present study. 

Lastly, the lack of follow-up measures does not allow to determine the long-term effects and the 

stability over times of the observed changes related to retreat. 

 

5. Conclusion 

The reported data as a whole support our hypothesis that a Mindfulness retreat could not only improve 

mental wellbeing by reducing stress and anxiety, but would also impact the inflammatory pathway by 

reducing some key mediators of inflammatory states. These findings provide suggestive evidence that 

Mindfulness retreat experiences may deserve increased consideration by researchers as a worthwhile avenue 

to continue to examine ways to promote stress reduction and overall health and wellbeing. 
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LEGEND TO FIGURES 

Figure 1. Flow chart for participants in our study. This includes enrollment, allocation and analysis of 

participants. Of the 129 people screened, 95 (73.6%) were eligible and were randomly allocated to groups. 

After the retreat, 2 from Mindfulness group and 3 from active control group were excluded from the analysis 

due to failure to deliver saliva sample or poor quality of sample. 

 

Figure 2. Plot of the mean and 95%CI pre and post treatment for each variable in the two groups. 

Changes in psychometric measures STAI-Y (anxiety), MAAS (awareness) and PSS (perceived stress), and in 

biomarker levels of cortisol and cytokines in Mindfulness intervention group and active control group across 

baseline and 8-week time points. P-value of interaction between time and group is also reported.  

 

Figure 3. Partial correlation, adjusted for sex and age, between cortisol and PSS. The residuals of the 

linear regression between PSS as outcome and age and sex as predictors are reported in y-axes, while the 

residuals of the linear regression between cortisol as outcome and age and sex as predictors are reported in x-

axes both in all the subjects and separately in the mindfulness and control groups at both time points. 
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Fig 3 

 

 

Table 1. Baseline characteristics of the sample stratified by group (i.e. Mindfulness and Control). 

 Mindfulness 

(n=46) 

Control 

(n=44) 

a
p-value

 

Sex    

Male 

Female 

21 

25 

19 

25 

0.98 

Age ± SD 46.35 ±10.11 46.82±11.51 0.72 

                                       SD= Standard deviation; a= p-value for the between group comparison at baseline 
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Table 2. Descriptive statistics of the outcome variables at t0 and t1 in the two groups. 

  Mindfulness (N=46)   Control (N=44)   

 Mean ± SD 

(t0) 

%CV 

(t0) 

Mean ± SD 

(t1) 

%CV 

(t1) 

Mean ± SD 

(t0) 

%CV 

(t0) 

Mean ± SD 

(t1) 

%CV 

(t1) 

ap-value 

PSS 22.00±6.24 28.38 13.15±5.37 40.80 21.80±7.06 32.83 19.27±5.81 30.16 0.88 

STAI-Y 45.96±9.74 21.19 33.56±8.68 25.85 46.54±13.39 28.76 44.57±12.07 27.09 0.81 

MAAS 60.09±12.45 20.71 75.35±8.53 11.32 60.64±11.91 19.75 62.34±11.92 19.12 0.83 

IL-6 (pg/ml) 3.06±3.41 111.44 2.12±3.04 143.38 3.16±1.97 62.31 3.05±1.70 55.79 0.29 

IL-8 (pg/ml) 459.55±437.27 95.15 283.15±329.42 116.34 473.66±260.96 55.10 481.51±347.24 72.11 0.23 

IL-10 

(pg/ml) 

0.50±0.44 88.34 1.40±0.66 47.21 0.58±0.39 67.54 0.67±0.48 71.76 0.08 

Cortisol 

(ng/ml) 

3.24±0.82 25.38 2.09±0.69 34.32 3.27±1.03 31.37 3.05±0.90 29.50 0.95 

SD= Standard deviation; CV=Coefficient of variation; a= p-value for the between group comparison at baseline 
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Table 3. Results of the linear mixed model fitted for each endpoint. 

 Fixed effect
 

()
 

St. 

Error 

95%CI DF t-value p-value 

adjusted 

PSS       

Intercept  

Time 

Mindfulness 

Time X 

Mindfulness 

22.89 

-2.52 

0.23 

-6.32 

2.74 

0.79 

1.30 

1.10 

[17.45; 28.33] 

[-4.09; -0.96] 

[-2.35; 2.82] 

[-8.52; -4.13] 

88 

88 

86 

88 

8.36 

-3.20 

0.18 

-5.73 

<0.0001 

0.002 

0.86 

<0.0001 

STAI-Y       

Intercept 

Time 

Mindfulness 

Time X 

Mindfulness 

43.56 

-1.98 

-0.49 

-10.41 

5.15 

1.06 

2.34 

1.48 

[33.33; 53.80] 

[-4.08; 0.12] 

[-5.15; 4.17] 

[-13.35; -7.48] 

88 

88 

86 

88 

8.46 

-1.87 

-0.21 

-7.05 

<0.0001 

0.06 

0.83 

<0.0001 

MAAS       

Intercept 

Time 

Mindfulness 

Time X 

Mindfulness 

67.23 

1.70 

-0.64 

13.56 

5.10 

1.33 

2.38 

1.85 

[57.10; 77.36] 

[-0.93; 4.34] 

[-5.38; 4.10] 

[9.87; 17.24] 

88 

88 

86 

88 

13.19 

1.28 

-0.27 

7.31 

<0.0001 

0.20 

0.79 

<0.0001 

IL-6       

Intercept 

Time 

Mindfulness 

Time X 

Mindfulness 

1.38 

-0.11 

-0.08 

-0.83 

1.23 

0.22 

0.56 

0.31 

[-1.07; 3.84] 

[-0.55; 0.33] 

[-1.19; 1.02] 

[-1.45; -0.21] 

88 

88 

86 

88 

1.12 

-0.49 

-0.15 

-2.67 

0.27 

0.62 

0.88 

0.009 

IL-8       

Intercept  

Time 

Mindfulness 

Time X 

Mindfulness 

472.35 

7.85 

-15.57 

-184.25 

164.18 

32.25 

74.51 

45.11 

[146.07; 798.63] 

[-56.24; 71.94] 

[-163.69; 132.54] 

[-273.89; -94.60] 

88 

88 

86 

88 

2.88 

0.24 

-0.21 

-4.08 

0.005 

0.81 

0.83 

<0.0001 

IL-10       

Intercept 

Time  

0.76 

0.08 

0.23 

0.06 

[0.31; 1.21] 

[-0.04; 0.21] 

88 

88 

3.33 

1.39 

0.001 

0.17 
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Mindfulness 

Time X 

Mindfulness 

-0.08 

0.81 

0.11 

0.09 

[-0.29; 0.13] 

[0.64; 0.98] 

86 

88 

-0.76 

9.41 

0.45 

<0.0001 

Cortisol       

Intercept 

Time 

Mindfulness 

Time X 

Mindfulness 

3.35 

-0.22 

-0.02 

-1.02 

0.39 

0.10 

0.18 

0.14 

[2.57; 4.13] 

[-0.42; -0.02] 

[-0.39; 0.34] 

[-1.30; -0.73] 

88 

88 

86 

88 

8.55 

-2.15 

-0.11 

-7.10 

<0.0001 

0.03 

0.91 

<0.0001 

DF=degree of freedom; CI=Confidence Interval 

 

 

Highlights 

• A 3-day intensive Mindfulness practice improves biomarkers of stress and inflammation  

• Significant reduction in IL-6 and IL-8 and increase in IL-10 levels were found 

• Retreat participants showed significant reduction in stress and anxiety levels 

• Significant correlation between cortisol values and both anxiety and stress scores. 
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