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----- Meeting Notes (3/14/14 15:14) -----
Thank you very much. I am delighted to be here to present our findings associated with the effects of mindfulness meditation-related pain relief as compared to placebo


Chronic pain: A silent epidemic

e Over 100 million Americans and 1.5 billion people

worldwide are affected by chronic pain (nstitute of
Medicine)

e With 42% of people reporting daily pain

e Costs the U.S ~ $635 billion a year (Gaskin & Richard,
2012)

e Alternative approaches to treating pain are cost-
effective without causing side effects
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Medical treatment and lost productivity costs the US approximately $635 billion dollars a year

These staggering statistics demonstrate the importance of developing cost-effective, non-addictive methods to treating pain

However, the subjective experience of pain is complicated as it is is constructed and modulated by a constellation of interactions between sensory, cognitive, and affective factors, rendering the treatment of pain difficult




Why mindfulness meditation and pain?

Mindfulness meditation is associated with
multiple pain relieving mechanisms:

e Coping strategies (e.g. acceptance) (Grossman, 2004)
e Positive mood (zeidan et al., 2010)

e Reappraisal (rarb et al., 2009)

e Emotional and cognitive control (zeidan et al., 2012)



Brief mindfulness-based mental training

e Meditation naive participants
e Taught basic mindfulness skills (Shamatha/Vipassana)
e Four days of mental training (20m/d)

e Improves anxiety, depression, mood, pain and other
health outcomes (zeidan et al., 2010a,2010b, 2010c, 2011, 2012; 2013)

REST + PAIN MEDITATION + PAIN
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We recruit individuals without any prior meditation experience
Taught basic mindfulness meditation skills. Where subjects were taught to focus on the changing sensations of the breath and to acknowledge discursive thoughts, feelings, emotions, and sensory events with out judgment, elaboration, or further evaluation. They are then instructed to return their attention back to the breath.
Generally taught across four days of meditation training (20m/d)
Allows us to isolate and identify the active components of mindfulness
Found to improve a spectrum of health outcomes such as anxiety, depression, negative dispositions, pain, and cardiovascular health



Ongoing Project
Methods and Procedures

eThermal heat (49° C) was used to evoke pain

eBrain activation was assessed by examining cerebral blood
flow with arterial spin labeled (ASL) MRI
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  12 seconds plateaus of 49 degrees was employed to evoke pain over six minute blocks

*ASL provides a fully quantitative assessment of both regional and global Cerebral Blood Flow (CBF) over several minutes.

* Moreover, ASL is appropriate for imaging steady cognitive states like meditation as well as controlling for respiratory confounds.

Regional brain changes were assessed with fsl. We conducted a 2 way ANOVA looking at the main effects of pain and meditation.

To better understand individual differences we conducted a regression between pain ratings and regional blood signals.


ldentifying the analgesic mechanisms of
mindfulness

Meditation-related pain relief may be related to:

o Relaxation (Kabat-Zinn, 1982)
e Divided attention (zeidan et al., 2010)

e Placebo analgesia (Kuyci et al., 2011; Zeidan et al., 2013)

o Established beliefs associated with meditation’s health
promoting reputation (zeidan et al., 2010)
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In addition to hypothesized improvements in cognitive control, emotion regulation, reappraisal processes, and mindfulness, mindfulness meditation-related pain relief may also be associated with relaxation, distraction, placebo responses, and the belief that one practicing meditation

There are a number of ways to disentangle the active pain relieving components of mindfulness meditation such as the employment of robust control conditions, the use of  neuroimaging methodologies, 


Ongoing Project

Mindfulness meditation training (n=17)
Placebo-conditioning (n=19)

Sham mindfulness meditation (n=20)
Book listening (n=19)

Over 600 individually, tailored experimental sessions
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Randomly assigned 80 participants to one of four groups


Placebo group

e 4 placebo conditioning sessIions (price et al., 1999; Colloca et al.,

2010)
eBaseline stimulation (49° C)

*Applied placebo cream on the calf
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eCovertly reduced stimulation levels in each session

e Session1=48° C

e Session2and 3=47" C

e Session 4=46.5° C

e Post-Intervention MRI session = 49° C
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Instructed our subjects that we were testing an experimental form of lidocaine where the cream’s pain relieving properties become progressively stronger over time.


Sham mindfulness meditation group

e Aim was to lead participants to believe they were
practicing mindfulness meditation (zeidan et al., 2010)

e Taught to sit with straight posture and eyes closed

e |nstructed to “take a deep breath” every 2-3 minutes “as
we sit here in mindfulness meditation”

e Matched time spent giving instructions to the mlndfulness
meditation group T




Control group

e Four sessions of listening to the
Natural History of Selborne

e Employed to control for
facilitator attention and time
elapsed in the other group’s
Interventions




Outcome Measures

e Pain intensity and unpleasantness ratings
e Freiburg Mindfulness Inventory (FMI) scores

e Regional brain signals (CBF)
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FMRI Analyses are literally ongoing in our laboratory but I have some other results to show you here today from this project


Mindfulness training increased FMI ratings
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However, only our mindfulness meditation group significantly improved in mindfulness skills when compared to the other groups, suggesting that our mindfulness intervention was uniquely effective at cultivating mindfulness


As confirmation of the efficacy of mindfulness-based training regimen, we found that only the mindfulness meditation group significantly increased their mindfulness skills as measured by the FMI. A replication of four of my prior studies employing the FMI and brief meditation training.

However, there is no significant relationship between mindfulness scores and pain. 



Mindfulness meditation was more effective
at reducing pain intensity
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There were no baseline groups differences in pain ratings

To put into perspective, Don price and colleauges…


VAS Pain Unpleasantness Percent Change
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Our fMRI results will certainly provide some insight into the mechanisms associated with these cognitive techniques on pain. However, I do have some preliminary data that can describe some of the potential physiological and behavioral mechanisms associated with pain relief across these groups.


Meditation significantly reduces thalamic and
PAG activation when compared to placebo

Meditation Placebo Med > Placebo Placebo > Med
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Mindfulness meditation significantly activated the putamen and right anterior insula and deactivated the thalamus. When compared to placebo we see greater activation in the putamen and insula but greater thalamic activation for the placebo group when compared to meditation.

These data replicate our previous findings and demonstrate that meditation engages multiple brain mechanisms.


Mindfulness reduces PAG and thalamic
activity when compared to sham meditation

Meditation Slham Med > Sham Sham > Med
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We also found that meditation is associated with significant deactivation of the PAG, demonstrating that meditation likely engages cortico-cortical mechanisms to relieve pain. In contrast, we see greater activation in the PAG in the placebo group when compared to meditation.


Final Considerations

Brief Mindfulness-based mental training is more effective at
reducing pain than placebo and sham meditation

Meditation attenuates pain through multiple mechanisms

Placebo likely engages descending control processes

Sham meditation-related pain relief likely engages placebo and
relaxation-related mechanisms

Clinical efficacy
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The ratio of the percent change in magnitude from  pain unpleasantness to pain intensity is 1 to 1 for the placebo and control groups. The ratio of the percent change in magnitude from  pain unpleasantness to pain intensity for the sham meditation group is almost 3 to 1 and 2 to 1 for mindfulness meditation group.

This suggests that different pain relieving mechanisms are involved across these groups.
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Thank you for your time and
attention

Questions?

See more details at poster #32



No differences In perceived “meditative”
effectiveness ratings between mindfulness
and sham meditation groups (p> 25)
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These findings demonstrate that our sham meditation manipulation was effective in leading our participants to believe that they were practicing mindfulness meditation


Neural correlates of mindfulness-based pain relief
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Neural correlates of placebo analgesia

Placebo > Rest

N

Tm-44

Rest > Placebo

in Intensi

z=4
z2=41
z=87



Main effect of meditation and control comparison
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Control group pain correlations
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Pain sensitivity decreased after
meditation training

Table 1. Mean

fc‘\: ! Pf.', L r r".'l:l?' 10."-"{
Experiment 1 (Meditation) 2790 (154.8) 353.4(219.3)
txperiment 2 (Control) 252001306
Dxperimerl 3 (Meditation) 354 .0 (237 06) 2 260 {232 0E)

Zeidan et al., 2010, Journal of Pain



Pre vs Post Training
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We conducted a paired-t test to directly compare the main effects of meditation and pain across MRI sessions. We found greater pain-related brain activation in the SI corresponding to the stimulation site, ACC and thalamus in MRI session 1, when compared to session 2.

However, the interesting analysis is on the bottom. WE compared ATB to meditation and found that meditation was more effective at activating areas involved in the cognitive modulation of pain and interoceptive awareness such as the ACC, Ofc and R. AI, respectively.



PLACEBO:

PFC goes up

Anterior insula, amygdala, and thalamus goes down

Both placebo and meditation reduce anxiety
However, placebo promotes modulation of pain by employing deception and a facilitator. 

Moreover, placebo responses are dependent on suggestibiliy. In the present case, meditation reduced pain ratings across all subjects pain reductions ranging from 11 to 93%.

Finally, placebo reductions in pain vary from 19 to 24 %. In the present case, the average pain reduction was 40% for intensity and 57% for unpleasantness.
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This slide illustrates the main effects of pain and meditation after meditation training. 

Meditation activation areas involved in the cognitive control and emotion regulation.

Meditating also activated somatosensory areas corresponding to the face and mouth. These findings provide a manipulation check for subjects sufficiently attending to the breath after training.

Deactivation of the default mode network indicates that subjects were engaged in a cognitive task during meditation when compared to non-meditation

*Furthermore, activation in the ACC and AI overlapped between meditation and pain indicating a likely substrate for pain modulation 
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We have seen a dramatic surge in mindfulness-based research publications in recent years. Mindfulness-based practices have been shown to improve a wide spectrum of health outcomes. However, we still don’t know what the active health promoting mechanisms that are involved in mindfulness meditation.
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