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Abstract

Objective—To determine if a workplace stress-reduction intervention decreases reactivity to 

stress among personnel exposed to a highly stressful occupational environment.

Methods—Personnel from a surgical intensive care unit (SICU) were randomized to a stress 

reduction intervention or a wait-list control group. The 8-week group mindfulness-based 

intervention (MBI) included mindfulness, gentle yoga and music. Psychological and biological 

markers of stress were measured one week before and one week after the intervention.

Results—Levels of salivary α-amylase, an index of sympathetic activation, were significantly 

decreased between the 1st and 2nd assessments in the intervention group with no changes in the 

control group. There was a positive correlation between salivary α-amylase levels and burnout 

scores.

Conclusions—These data suggest that this type of intervention could not only decrease 

reactivity to stress, but also decrease the risk of burnout.

INTRODUCTION

Personnel of workplaces inherently stressful, such as hospital intensive care units, are 

exposed to the effects of stress in their everyday environment. Stress affects the regulation 

of various allostatic systems with activation of the sympathetic-adrenal-medullary (SAM) 

pathway and the hypothalamic-pituitary-adrenal (HPA) axis. The release of the various 

neurotransmitters and hormones involved in these systems can change the function of the 

peripheral and central nervous systems leading to various symptoms with irritability, 

nervousness, feeling overwhelmed, having difficulty concentrating, or remembering, and 
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changes in appetite, sleep, heart rate, and blood pressure being the most common. When 

stress is part of the work environment, it is often difficult to control and can lead to repeated 

insults that affect the individual’s health and impact his/her ability to function. Indeed, 

employees experiencing stress are on sick leave more often than other workers1. A stressful 

work environment is common for health care professionals and several studies have shown 

the deleterious effects of stress among this population2,3,4. Associations have been found 

between workplace stressors and changes in the physical and mental health of nurses5. 

Chronic stress at work can also lead to burnout that is characterized by a feeling of 

emotional exhaustion associated with emotional numbness and/or negative attitude towards 

self and others6.

Among health care professionals, the personnel of hospital emergency departments and 

intensive care units (ICU) who provide care to seriously ill or injured patients are exposed to 

a particularly high-stress work environment. Burnout is especially high among critical care 

health workers7. Burnout scores are higher for nurses working in intensive care/emergency 

services and operating rooms than for nurses working in outpatient clinics8. In a recent study 

of more than 3,000 ICU staff, 37% felt highly stressed and 29% had severe burnout9. In a 

2008 study, about one-third of emergency medicine physicians reported burnout as a 

significant problem in their profession10 and in a more recent survey, almost 70% of 

emergency medicine physicians reported some burnout compared to 45% for all aggregated 

specialties11. Stress and burnout can lead to functional impairment in both the social and 

occupational environment. Emotional exhaustion among acute care personnel has been 

found to be related to poor patient care12 depersonalization associated with increased 

number of medical errors among surgeons4 and nurse burnout associated with increased 

levels of patient infection13. Most individuals working in high-stress conditions recognize 

the high level of stress associated with their work but do not necessarily identify the effects 

of stress on their physiology, health and behavior.

While work-related stress often cannot be eliminated, effective coping strategies may help 

decrease its deleterious effects. In particular, decreasing reactivity to stress may moderate its 

impact on behavior. Mind-body interventions are particularly well suited to decrease stress 

reactivity, given their ability to activate the relaxation response and turn down the stress 

response14. While most mind-body techniques target reduction of the physiological stress 

response, developing non-reactivity to internal experiences is one of the key components of 

mindfulness. Mindfulness allows the recognition of one’s own internal bodily reactions by 

increasing interoceptive awareness and, at the same time, promotes experiencing without 

judgment and the development of non-reactivity to internal experience. The effects of 

mindfulness on mental and physical health may be mediated through increased resilience to 

stress15. The effects of mindfulness on reactivity to stressors in a laboratory environment 

have been documented15. The SICU work environment represents a real-life stressor 

recurring on a constant basis and is difficult to amend given the nature of the work. To 

decrease the effects of stress among SICU personnel, this study implemented a low-dose 8-

week workplace adapted mindfulness-based intervention (MBI)16,17 and analyzed the 

effects of the intervention on biological and psychological markers of stress.
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Salivary α-amylase was used as a biological marker of stress while psychological 

components of stress and burnout were measured using well-established self-report 

questionnaires. Chronic stress and stress reactivity have been found associated with 

increased levels of salivary α-amylase18. Increases in salivary amylase correlate not only 

with experimental stressors, but also with the number and severity of critical life events, 

suggesting that everyday stress contributes to the regulation of salivary α-amylase levels19. 

This enzyme has been proposed as a marker of stress-induced activation of the autonomic 

nervous system19. The secretion of salivary α-amylase is controlled by sympathetic 

activation through β-adrenergic receptors. Epinephrine and norepinephrine increase in 

response to stress as part of the activation of the SAM pathway. Saliva flow rate is under the 

control of the parasympathetic system but does not seem to be a confounder of salivary α-

amylase concentrations20,21. Sympathetic activation occurs very rapidly while cortisol 

elevation, which reflects activation of the HPA endocrine system, takes place more slowly. 

Indeed, salivary α-amylase levels peak earlier and return to normal faster than salivary 

levels of cortisol after an acute stressor. Salivary α-amylase thus represents a potential 

marker to measure effects of stress reduction interventions19. Levels of α-amylase do not 

display gender differences either at baseline or after acute stress response22, and, in contrast 

to cortisol, their circadian variations are pronounced only during the first hours following 

awaking. The objective of this study was to determine if providing a workplace-adapted 

MBI to SICU personnel decreases biological indexes of stress reactivity and psychological 

self-reported measures of stress.

METHODS

Participants

Participants were personnel, 18 or older, from the surgical intensive care unit (SICU) of a 

large academic medical center. The study was approved by the university ethical review 

board, and all participants provided signed informed consent. Eligibility criteria included 

any personnel working in the SICU and having contact with the patients or their families. 

Individuals practicing mindfulness, yoga, or exercising more than 30 minutes a day were 

excluded, as were individuals with third trimester pregnancy or a history of recent surgery if 

it limited ability to perform the gentle yoga movements.

Study design

The study adhered to the CONSORT guidelines for randomized trials23. Eligible participants 

were randomized 1:1 using Graphpad software to intervention group or waiting list control 

group, with stratification by gender and type of work. Assessments were performed for all 

participants, intervention or controls, one week before the date of the first scheduled 

intervention (baseline time point) and one week after the last day of the MBI-group 

intervention (2-month time point) in. The collection of biological samples and self-report 

questionnaires were completed during a 2-hr time-frame during the early afternoon, on the 

same day and at the same time for all participants to control for work-related environmental 

changes. See Fig 1 for flow diagram of the study. The intervention was provided free of 

charge. Questionnaires and samples were coded. Sample size was limited by the 

convenience sample available within the workplace constraints.
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Intervention

The 8-week group MBI combines a didactic introduction/discussion and a combination of 

mindfulness and yoga practices with music at each session16. The intervention was delivered 

by M. Klatt, a trained mindfulness and certified yoga instructor, who developed the MBI to 

be pragmatically performed in a work setting. The protocol combines elements of 

mindfulness meditation, yoga movements, and relaxation through music. All sessions last 1 

hour except for week 5 session that lasts 2 hours and includes mindful eating. After 

introduction of the weekly theme/prompt, the participants are led through a body scan, 

gentle stretching, yoga, progressive relaxation, and/or an eating meditation (for the two hour 

session), and then into formal meditation. Each week a different topic is highlighted. The 

music is standardized to be the same background music in each session, and in the 

background of each meditation practice contained on CDs, which were provided to 

participants to facilitate daily practice. The intervention is 8 weeks in length, paralleling the 

mindfulness-based-stress-reduction (MBSR) traditional program, with shortening of the 

group session duration for the setting. Participants are asked to perform 20-minute daily 

individual practices if possible. The group stress-reduction sessions were delivered at the 

workplace during work hours. Work coverage was assured for the participants during the 

time of the group sessions and assessments.

Control condition

Participants randomly assigned to the control wait-list group received the mindfulness 

sessions after the 1st group had finished their 8 week intervention and after completion of 

the 2nd set of assessments.

Measures

Biological marker—Salivary α-amylase was measured in saliva collected with a Salivette 

kit (Sartstedt Inc. Newton, NC). Subjects were instructed to gently chew on the cotton swab 

to stimulate saliva secretion and saliva collection tubes were kept at 4°C until centrifugation 

at 4°C at 2000 g for 10 min. Clear saliva supernatants were kept frozen at −70 °C until 

assayed. Alpha-amylase was measured using a quantitative enzymatic kinetic method with 

the chromogenic substrate, 2-chloro-p-nitrophenol linked to maltotriose (Salivary α-amylase 

kit, Salimetrics, State College, PA). The enzymatic action of α-amylase on this substrate 

was measured in microtiter plates by absorbance at 405 nm with a spectrophotometer. 

Increases of absorbance of samples were transformed into amylase concentration using the 

linear regression calculated from the standard curve ran on each microplate. Results were 

expressed as units per ml of sAA. Intra-assay coefficient of variation was 3.1% and inter-

assay coefficient of variation 13.3%.

Psychological Measures—Psychological stress was assessed using the Perceived Stress 

Scale (PSS) and the Depression Anxiety Stress Scale (DASS-21). The PSS inquires about 

the stress experienced during the past month on a 5-point Likert scale24. It measures the 

degree to which situations in the individual’s life are perceived as stressful, and its reliability 

has been demonstrated25. The DASS26 includes several stress-related questions, allowing 

the assessment of negative emotional reactivity to stressors and general tension27. It has 
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been tested in large groups of subjects and found to have good discriminant validity28. 

Cronbach’s α, was 0.90 for the DASS stress scale. Burnout was assessed with the Maslach 

Burnout Inventory and the Professional Quality of Life (ProQOF). The Maslach’s inventory 

analyzes three different areas characteristic of burnout: emotional exhaustion, 

depersonalization and low personal accomplishment29. Cronbach’s α was 0.90 for emotional 

exhaustion, 0.79 for depersonalization and 0.71 for personal accomplishment29. The 

ProQOF has 30 items referring to the last 30 days. Subscales measure compassion 

satisfaction, secondary traumatization, and risk of burnout30,31. Mindfulness was assessed 

with the Five Facet Mindfulness Questionnaire (FFMQ), which measures observing, 

describing, acting with awareness, non-judging of inner experience, and non-reactivity to 

inner experience32,33. The scale presents good internal consistency with Cronbach’s α of 

0.75 for non-reactivity, 0.83 for observing, 0.87 for acting with awareness, 0.91 for 

describing, and 0.87 for non-judging32. Participants were also asked to rate the level of their 

work stress on a Likert scale from 1 to 10.

Statistical analysis

“Intention to treat “analyses which included all subjects randomized were performed. 

Characteristics of the sample were analyzed using mean ± standard deviation. Two-tailed t-

tests and chi-square analyses were used to compare groups at baseline. For each 

measurement the changes between baseline and 2-month values were assessed in each study 

arm using the paired t-test. For secondary analyses, the associations between psychological 

measures of stress and mindfulness facets were estimated using a Pearson correlation. 

Analyses were performed with Graphpad Instat, version 3.10, and a level of p < 0.05 was 

considered statistically significant.

RESULTS

More than 200 individuals working in the SICU were eligible to participate and were 

informed about the study through flyers and information provided at staff meetings. Thirty 

two individuals were interested in participating and all were eligible to participate due to 

minimal exclusion criteria to reflect real workplace conditions. Participants (n = 32) were 

randomized 1:1 to intervention (MBI) or wait-list (Control) groups. There was no drop-out 

and all participants completed the 2 sets of assessments. Nurses represented 69% of 

participants in each group. There was a limited number of males in our sample, and the 

stratification by gender assured equal distribution between the two groups (87.5% females 

for both groups) controlling for possible gender differences in the response to the 

intervention. The average age of the participants was 44.2 and the number of years of 

experience was 14.5 years with 11.8 years working in the SICU. There were no significant 

differences between the two groups for age (p = 0.9496, t= 0.0638), years of experience (p = 

0.9485, t = 0.06512), or years working in the SICU (p = 0.8702, t = 0.1648). To control for 

potential changes in the levels of stress in the work environment, the study was designed 

with a waiting list control group and the assessments were done at the same time for all the 

participants.
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Participants scored the stress level of their work at 7.15 ± 1.89 on a scale of 1 to 10 (with 10 

being most stressful) at baseline with no significant difference between the two groups 

(p=0.8833, t= 0.1480). The levels of work stress did not change between the 1st and 2nd sets 

of assessments (p=0.2316, t=1.224 and p=0.6905, t=0.4021 for MBI and control groups 

respectively).

On the PSS, only 12% of participants had a score < 10 (low stress), while 37% had a score > 

16 (high stress). There was no significant difference between the two groups at baseline (p = 

0.0910, t = 1.746). PSS scores did not significantly change between pre-and post-

intervention (114% and 115%, respectively for MBI and waiting list group, at 2-months 

compared to baseline (p = 0.1835, t = 1.394 for intervention group and p = 0.2732, t = 1.137 

for control group). On the DASS stress subscale, 37% had score > 14, the cut-off value for 

stress, with no significant difference between the two groups (p = 0.1552, t = 1.458). 

However, in contrast to the PSS, DASS stress scores decreased 25% in the MBI group (p = 

0.040, t = 2.245) compared to a non-significant 13% decline in the control group (p = 

0.6675, t = 0.4339) between baseline and 2-month assessments (Fig 2). The number of 

participants with DASS stress scores > 14 decreased 66% in the MBI group with no change 

in the control group.

On the Maslach’s burnout inventory, the average emotional exhaustion subscale score was 

23.12±10.1 with 28% of participants having scores > 26 and no difference between 

intervention and control groups (p = 0.3185, t = 1.0124). The scores were 7.78±5.53 for 

depersonalization and 36.5±7.449 for personal accomplishment with no significant 

difference between the groups (p = 0.685, t = 0.4909 and p = 0.3508, t = 0.9477 

respectively). The scores did not significantly changes between pre- and post-intervention. 

However, the number of participants with scores > 26 on emotional exhaustion decreased 

34% in the MBI intervention group with no change in the waiting list control group. There 

was also a positive correlation of DASS stress scores with the Maslach’s inventory 

emotional exhaustion scores (Pearson correlation coefficient r = 0.6359, p < 0.0001) and 

with the ProQOL burnout scores (r = 0.6753, p < 0.0001). In addition, there was a strong 

negative correlation between DASS stress scores and FFMQ non-reactivity scores (r = 

−0.49, p < 0.0001). A weaker, though still significant, negative correlation was also found 

with the FFMQ observing scores (r = −0.2842, p = 0.0053). The other facets of mindfulness 

as measured on the FFMQ (describing, acting with awareness, non-judging of inner 

experience) did not correlate with DASS stress scores. There were significant negative 

correlations between scores of the FFMQ non-reactivity and emotional exhaustion on the 

Maslach’s inventory and burnout on the ProQOL scale (r = −0.3105, p = 0.0125 and r = 

−0.4998, p < 0.0001 respectively) (Fig 3).

Salivary α-amylase levels are low upon awakening, increase rapidly during the first hour 

after waking, and then plateau for the rest of the day34. To avoid the changes that occur 

immediately after waking, measurements were done between 1 and 3 pm. Measurements 

were done in the work setting during a work day to reflect the effects of the stress associated 

with the work environment on the levels of the enzyme. The average value for all 

participants was 93.6 ±15.9 units/ml (mean ± SEM) with no difference between the two 

groups (p = 0.6812, t = 0.4152). Levels of salivary α-amylase were reduced by 40% between 

Duchemin et al. Page 6

J Occup Environ Med. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



baseline and 2-month time-points in the MBI group (p = 0.026, t = 2.562) compared to 4% 

in the control group (Fig 4). There were positive correlations between salivary α-amylase 

levels and both DASS stress and Maslach emotional exhaustion scores, though neither 

reached significance (p = 0.0586 and p = 0.0660, respectively). Salivary α-amylase was, 

however, significantly correlated with ProQOL burnout scores (r = 0.3490, p = 0.0058).

DISCUSSION

Participants displayed levels of stress (37%) identical to those reported in a large study of 

3,000 ICU personnel (37%)8. In the present study, the scores of the PSS did not change in 

either group. However, the scores of the DASS stress were reduced in the intervention group 

with no change in the control group. The two scales refer to two different time periods (past 

month for the PSS and past week for the DASS), which could account for the non-

concordance of the scale scores. A weekly measure of PSS during an MBSR intervention for 

individuals with chronic stress found that PSS scores decreased only during the last week of 

the 8-week program35. The fact that all the assessments were performed one week after the 

last group session makes it less likely that the change in the DASS was due to the immediate 

effect of the intervention or that PSS scores were measured too early to detect an effect. The 

difference in the types of stress symptoms measured by the two scales may explain the 

discrepancy. The DASS stress scale measures emotional and physical reactions to stress. 

The items include: over-reacting, getting agitated, being irritable, being touchy, and unable 

to relax. The stress subscale of the DASS has been shown to be a reliable instrument for 

stress measurement and not just a measure of psychological distress28. The PSS, on the other 

hand, is intended to measure the degree to which situations are appraised as stressful. 

Several items of the PSS measure factors of stress that are related to the environment 

(“things outside your control,” ”difficulties piling so high that you could not overcome 

them,” ” could not cope with all the things you had to do”). These items may reflect 

inherently stressful aspects of the SICU workplace that are not likely to change between two 

assessments. On the PSS, only 4 out of the 10 items assess over-reactivity while others 

measure overload, inability to act, and loss of control. Separate analysis of the 4 items of the 

PSS corresponding to over-reactivity showed a decrease in scores (although non-significant, 

p = 0.09) and no change in the other items. These results support the idea that the 

discrepancy between the PSS and DASS stress scale reflects the type of items measured 

rather than the time period to which the scale refers to. The participants’ scores on the PSS 

may accurately reflect their evaluation of their work stress, which did not decrease between 

the two assessments. A study among overweight/obese women found that anxiety levels 

decreased in the intervention group but PSS scores and levels of chronic stress did not 

change after a mindfulness intervention36. Similarly, among students, an MBSR intervention 

did not change PSS scores at 2 months follow-up37.

The DASS stress data, however, suggest that the intervention reduced participants’ reactivity 

to stress. This conclusion is also supported by the finding that the levels of salivary α-

amylase were reduced by 40% in the intervention group. Salivary amylase is a good marker 

of SAM pathway activation, and a sensitive marker of autonomic reactions to stress, 

especially sympathetic nervous system function. It is more sensitive than heart rate 

variability, for instance38, and it negatively correlates with changes in salivary oxytocin, 
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which suppresses sympathetic activation39. Salivary α-amylase is usually measured in 

response to acute stress. Given that the assessments were done at the workplace during the 

work day and that participants rated the stress level of their work at above 7 on a 1 to 10 

scale suggest that salivary α-amylase levels reflected activation of the sympathetic system in 

response to work stress.

Elicitation of the relaxation response reduces sympathetic nervous system activity40, a 

mechanism for decreasing reactivity to stress41. Long-term practitioners of the relaxation 

response, through use of various mind-body techniques, have been shown to report lower 

levels of stress than novices, as well as a reduction in biological markers of stress, such as 

norepinephrine levels during a relaxation response elicitation42. Non-reactivity is one of the 

skills, or facets of mindfulness, learned in MBI, and the one that changed the most rapidly 

during traditional MBSR35. The significant negative correlation between DASS stress and 

FFMQ non-reactivity scores suggests that the changes in stress symptoms and markers may 

be directly linked to this specific characteristic of the intervention. Other studies involving 

MBSR interventions have yielded results that support this finding. For example, increase in 

skin conductance, another measure of stress reactivity, has been found to decrease during 

MBSR sessions43 or after stress stimuli following MBSR44. Also, non-reactivity was shown 

to be inversely correlated with insula activation during stress45. Given that the insula 

controls emotions and autonomic functions, non-reactivity behavior may reduce the 

automatic emotional response and the sympathetic response to stress via inhibition of the 

insula activation induced by negative stimuli. While stress increases the volume of the 

amygdala, which is implicated in threat detection and physiological responses to stress, an 8-

week MBSR intervention has been associated with reduced gray matter density of this 

structure46. Mindfulness has also been shown to induce a down-regulation of the left 

amygdala activation during emotional processing in novice practitioners47. It is reasonable 

to hypothesize that, although the SICU environment remained the same and the participants’ 

cognitive appraisal of its stressful character did not change, mindfulness training decreased 

the negative affect and sympathetic reactivity associated with the participants’ perception of 

stress in their environment. In a recent study, Arch et al (2014)48 hypothesized that a self-

compassion training based on meditation decreased the sympathetic response, as reflected 

by lower salivary alpha amylase levels, to an acute social stressor leading to “lower 

defensiveness, active acceptance and greater easefulness rather than effort to exert control”.

Levels of burnout (28%) among participants in this study were very similar to those reported 

(29%) in the large ICU survey of Merlani et al9, suggesting that they are representative of 

this population. In our sample, emotional exhaustion was 23.1±10.1 and depersonalization 

7.8±5.5. These findings closely match those found in a survey of 253 members of the 

Section of Internal Medicine of the Society of Critical Care Medicine, in which the average 

emotional exhaustion subscale score was 22.2±9.5 and depersonalization score was 7.1 ± 

5.149. In our sample, the mean personal accomplishment score was 36.5 ± 7.5 compared to 

30.9 ± 6.4 in the referred study. There was no significant difference between mean scores on 

any of the Maslach’s Inventory subscales between pre- and post-intervention, although the 

percentage of individuals with high scores for emotional exhaustion decreased in the 

intervention group and not in the waiting-list group. There were negative correlations 

between FFMQ non-reactivity scores and both Maslach’s Inventory emotional exhaustion 
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and ProQOL burnout scores, suggesting that increasing non-reactivity may help to prevent 

burnout.

Effective coping occurs when strategies are used to manage stressful situations successfully. 

Programs to elicit the relaxation response using mind-body strategies have been developed 

for patients to cope with chronic stress41. A few types of interventions have been studied for 

work-related stress: An 8-month stress reduction intervention in an industrial plant 

decreased stress reactivity and salivary α-amylase50. A randomized study of a biweekly 9-

month small group discussion incorporating elements of mindfulness for physicians found 

no change in stress but a decrease in emotional exhaustion and depersonalization in the 

intervention group at 9 and 12 months51. Although the activation of the sympathetic system 

in response to an acute situation requiring quick decision and action can be beneficial in the 

SICU environment, symptoms of stress reactivity, such as over-reacting, getting agitated, 

using a lot of nervous energy, being irritable, may impair functioning, with potential 

implications both for SICU personnel and the patients for whom they care. Chronic 

activation of the sympathetic system carries deleterious consequences on heath. 

Interventions intended to decrease reactivity to stress and specifically designed for high-

stress workplace environments could prevent the deleterious effects of stress on the 

personnel’s health and behavior.

A limitation of this study is the small sample size. However, the fact that the characteristics 

of the sample matched previous studies for burnout suggests that the sample is 

representative of this population. There may have also been a bias in the participant 

sampling by self-selection of individuals open to the idea of a group intervention with 

mindfulness and yoga components. The generalization of this type of intervention may also 

be hindered by the specific constraints of this environment and the required support of the 

institution for it to be feasible.

CONCLUSION

A workplace-adapted MBI can decrease reactivity to stress among SICU personnel as shown 

by changes in biological indexes. The awareness of the negative effects of stress and burnout 

among health care professional provides an opportunity for developing evidence-based 

interventions that can help mitigate these effects and benefit, not only the health providers 

themselves, but also patients and institutions.
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Figure 1. 
Experimental Design and Study Flow diagram.
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Figure 2. Decrease in DASS-stress scores between baseline and 2-month assessments
DASS stress scores were measured at the same time in the intervention (MBI) and the 

waiting list (Control) group, one week before (Baseline) and one week after (2 month) the 8-

week intervention.
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Figure 3. Correlations between FFMQ non-reactivity and DASS stress, Maslach emotional 
exhaustion and ProQOL burnout scores
Pearson correlations were calculated between scores on the FFMQ non-reactivity subscale 

and the (A) DASS stress, (B) Maslach Inventory emotional exhaustion and (C) ProQOL 

burnout subscale scores.
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Figure 4. Decrease in salivary α-amylase levels between baseline and 2-month assessments
Salivary α-amylase was measured using the enzyme substrate maltotriose linked to 

chromogenic 2-chloro-p-nitrophenol. Levels were measured at the same time in the 

intervention (MBI) and the waiting list (Control) group one week before (Baseline) and one 

week after (2 month) the 8-week intervention.
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