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Background: Pain captures attention and interferes with competing tasks demanding

cognitive effort. Brief mindfulness interventions involving both conceptual learning and

meditation exercises have been shown to improve attention and reduce pain sensitivity,

and could potentially reduce pain interference. This study assesses the effect of a 5-day

mindfulness intervention (20 min/day) on the interference produced by thermal pain on

working memory performance using a 2-back task.

Methods: Healthy participants were randomized into three groups exposed to

mindfulness meditation training (n = 15), an active educational control intervention

comprising only conceptual information on mindfulness (n = 15), or no intervention

(n = 15). The two active interventions were administered in a dual-blind fashion and

outcomes were assessed by research personnel blind to this allocation. Evaluation

sessions were conducted before and after the interventions to assess the effect of

pain on 2-back performance (pain interference). Importantly, both pain stimuli and the

2-back task were calibrated individually and in each session before assessing pain

interference, thereby controlling for possible changes in baseline pain sensitivity and

cognitive performance. Secondary outcomes included heat pain sensitivity, cold pain

tolerance, cognitive inhibition, cognitive flexibility, and divided attention.

Results: Manipulation checks confirmed that heat pain interferes with the performance

of the working-memory task. Compared to the no-intervention control group, pain

interference was significantly reduced following the conceptual intervention but not the

meditation intervention, although a corollary analysis suggests the effect might be due

to regression toward the mean caused by baseline imbalance in pain interference.

Secondary outcomes also suggested an increase in pain tolerance in the conceptual

learning group only.

Discussion: A short mindfulness meditation intervention was insufficient to reduce

pain interference but conceptual learning about mindfulness produced some unexpected

benefits. Although the generalization of experimental findings to clinical pain conditions
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may be premature, these results highlight the importance of distinguishing the

contribution of mindfulness education and meditation training in future studies.

Understanding the effects of mindfulness training on pain regulation and management

must take into consideration the multiple factors underlying this complex intervention.

Keywords: pain interference, cognition, meditation, analgesia, experimental study, mindfulness

INTRODUCTION

Pain disrupts attention and interferes with cognitive processing
(1). Pain symptoms in chronic pain patients thereby limit
the ability to complete cognitively demanding tasks, imposing
functional limitations beyond physical disability (2, 3). In
experimental studies, pain interference on cognitive function
has been suggested to be contingent on the cognitive task and
the properties of the painful stimulus: interference seems to
be more consistently found with divided attention or working
memory tasks (4). Individual psychological factors affecting
the magnitude of interference have also been identified, such
as perception of pain-related threat (5), expectation of pain
interference (6) and pain catastrophizing (7). Such psychological
factors are examples of secondary affect of pain processing:
an affective reaction to painful stimuli that is dependent upon
the cognitive interpretation of the broader meaning of pain
signals (8). Hence, psychological interventions that modulate
the affective and cognitive dimensions of pain could potentially
reduce pain disruption of cognitive processes.

Mindfulness-based interventions aim to increase present
moment awareness and acceptance while reducing secondary
elaborations associated with pain suffering (9). While the
efficacy of mindfulness for chronic pain symptoms is not
clearly established (10, 11), there is clinical evidence that
mindfulness reduces pain interference of daily life tasks (12).
Trait mindfulness was also found to negatively moderate the
relation between pain intensity and pain interference in a
cross-sectional study of cancer survivors suffering from chronic
neuropathic pain (13). Consistent with these clinical findings, we
recently observed a reduction in the impact of experimental heat
pain on working-memory performance in healthy individuals
with high trait mindfulness (14).

Interestingly, brief mindfulness intervention of 4 daily
sessions of 20min of attention monitoring meditation may
be sufficient to induce change in acute pain perception (15–
17), although such results are not systematically reproduced
(15, 18). Brief mindfulness interventions are therefore a
relevant experimental paradigm, but more research is warranted
regarding this nascent form of mindfulness intervention to better
define the contributing factors and the relevant outcomes.

Here, we hypothesized that a short meditation intervention
involving mindfulness attention monitoring would reduce the
disruptive effect of acute pain on cognitive performance. The
experimental model and the primary outcome were defined
based on our previous study (14). To further circumscribe the
effect of meditation training, the target intervention group was
compared to an education group exposed to 5 daily sessions

involving only conceptual information about mindfulness, and
to a no-intervention control group. We also assessed baseline
pain sensitivity, pain tolerance as well as cognitive inhibition and
divided attention capacities, to document possible associations
between changes in pain regulation and other executive
functions (19).

MATERIALS AND METHODS

Study Design
This experimental study adopted a mixed design to test
the reduction (post- vs. pre-intervention) of the interference
produced by pain on cognitive performance (pain interference)
following a 5-days mindfulness meditation training (Meditation
Group), compared to an active control group receiving
conceptual education about mindfulness (Conceptual Group),
and a passive control group with no intervention (Control
Group). All interventions and testing took place at the Research
Centre of the Institut Universitaire de Gériatrie de Montréal
(CRIUGM, Canada). All procedures conformed to the standards
set by the latest revision of the Declaration of Helsinki and
were approved by the ethic committee of the CRIUGM (CER-
IUGM 15-16-11).

Participants and General Procedure
Healthy adults were recruited from the University de Montréal
campus and the general community, through social network
groups (e.g., the Facebook group of student associations)
and local classified ad websites. Forty-five volunteers were
recruited on the basis of previously published criteria about
healthy participants in pain studies (20). Exclusion criteria
included chronic pain, neurological or psychological/psychiatric
disorder; knowledge of, or experience with, meditation, yoga,
or mindfulness; taking any medication or psychoactive drugs;
hypertension or Raynaud’s syndrome (see http://links.lww.com/
PAIN/A101; participants filled an online French translation of the
questionnaires and checklist). Additionally, the online form also
included the French version of the Beck Depression Inventory
[BDI - (21)] as well as specific questions to assess meditation
experience and prior knowledge about mindfulness.

Given the absence of literature on short interventions to
reduce pain interference, power analysis was conducted based
on a controlled study showing a significant decrease in pain
sensitivity following a short mindfulness intervention (16). We
assumed a very conservative estimate of test-retest reliability of
pain rating of 0.50 (22). The analysis was conducted on G-Power
(23), assuming sphericity, with an α error of 0.05 and power of
0.80. The total sample size was 30 (10 per groups). A total sample
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size of 45 (15 per group) was then determined as a realistic sample
size to detect a possible reduction in pain interference by a brief
mindfulness intervention in a first experimental study.

Once eligibility was confirmed, participants were allocated
to one of the three groups (1:1:1) until 15 participants per
group, with a random list generated on GraphPad software
(http://www.graphpad.com/quickcalcs/randomize1/). The list
was generated by the principal investigator (the first author),
who was responsible for the enrollment, randomization, group
assignment, and training sessions for both the mindfulness
Meditation Group and the control Conceptual Group. Subjects
were only told that they were assigned to either a mindfulness
intervention involving five training sessions or a no-intervention
group. Subjects of the two intervention groups were given
no further details about the comparison of the two different
mindfulness interventions. To avoid confusion with double-
blinding applied in pharmacological clinical trials, this design is
referred to as “dual-blind” and is recommended for psychological
intervention such as mindfulness training (24).

Importantly, the recruitment ads and the information
provided with the consent form indicated that the goal of the
study was to investigate the effect of a mindfulness intervention
on pain and cognition. To avoid inducing specific expectations
about the main hypothesis, the main outcome of the study (pain
interference) was not specified.

Within 4 days of this first testing session, participants
in the Meditation and Conceptual intervention began the
5-day mindfulness intervention (see below in the section
“interventions”). The post-intervention testing was then
completed within 2 days of the last intervention session. The
participants in the passive Control group completed the second
testing session after a similar delay (8–12 days) following
the first session. Participants of all three groups were asked
to maintain a regular lifestyle, including sleep habits and
caffeine intake throughout the study and received monetary
compensation for their participation. Figure 1 illustrates the
overall study procedures.

Two female experimenters conducted the testing sessions and
were blind to the group assignation of the participants to the
Meditation or Conceptual Group. All subjects were tested twice
by the same experimenter. However, blinding of experimenters
could not be insured for the no-intervention Control Group in
the second testing session due to several logistic constraints and
slightly different instructions given by the experimenter in the
pauses before each test (see below).

Interventions
Both the meditation intervention as well as the conceptual
intervention were delivered by the first author (LNG), a
graduate student in psychology with 10 years of mindfulness
meditation experience (>1,000 h of practice and two 10-day
retreats in a Vipassana center), who received a mindfulness
intervention training recognized by the professional association
of Québec’s psychologists (Ordre des Psychologues du Québec -
OPQ). This training was provided by the Mindspace clinic
and involved the development of mindfulness scripts under
expert supervision (https://www.mindspacewell-being.com

FIGURE 1 | Schematic illustration of the procedures. Note that individual

results of the sensory calibration and the N-back calibration procedures were

used to determine the parameters used in the target experiment assessing

pain interference (curved arrows). All other tests and questionnaires were

completed to describe the samples and control for potential confounding

changes in pain and in cognitive performance.

/programs/introduction-to-mindfulness-for-psychotherapists/).
Both interventions were delivered in five one-on-one daily
sessions of 20 min.

Meditation Intervention
Preparation phase (2min): In a quiet room with dim lighting,
participants were asked to sit on a Zen cushion (“zafu”) in a
position that they found comfortable and in which their spine
would be straight. They had about 1min to try different seating
positions. Thereupon, they were asked to close their eyes, try to
keep their body still and listen to the instructions. The instructor
encouraged the participants to let go of any other preoccupations
and to fully focus their attention on the exercise.

Meditation phase (16min): Over the course of the
intervention, three different meditation exercises were practiced,

Frontiers in Pain Research | www.frontiersin.org 3 June 2021 | Volume 2 | Article 673027

http://www.graphpad.com/quickcalcs/randomize1/
https://www.mindspacewell-being.com/programs/introduction-to-mindfulness-for-psychotherapists/
https://www.mindspacewell-being.com/programs/introduction-to-mindfulness-for-psychotherapists/
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Gill et al. Mindfulness and Pain Interference

exposing participants to different styles of both focused attention
and open monitoring, two fundamental aspects of mindfulness
attention regulationmeditation (25, 26). These exercises involved
(1) focused breathing, (2) body scan and (3) labeling exercises
and were initiated with guidance from the instructor followed
by silent periods. The full instructions are available in the
Supplementary Material.

Feedback phase (2min): In the last period of every session,
participants were invited to share their experience with the
instructor. The goal of this phase was to make sure that the
participant understood the exercises.

Conceptual Intervention (Active Control)
Preparation phase (2min): The same room and the same
seating instructions as the meditation intervention were used
for the conceptual intervention. However, participants were
not instructed to close their eyes and were simply asked to
concentrate fully on what the instructor was saying. They were
also encouraged to ask questions during the session.

Education phase (18min): Slightly modified excerpts from
the book “Wherever you go, there you are: Mindfulness
meditation in everyday life” (27) were read to the participants.
The word “meditation” was never mentioned. When it was
possible to do so, it was removed and replaced with the term
“mindfulness.” If such replacement affected the meaning of
the text, different excerpts were chosen. None of the excerpts
selected included a description of formal mindfulness exercises,
although some informal exercises were described, e.g., suggesting
paying attention to physical sensation during moments of
mind wandering.

Three times per session, the instructor elicited discussion,
by asking questions to the participant, e.g.,: do you agree with
the author?, Have you ever realized that your mind sometimes
wanders when you are doing certain tasks?, Do you think the
state of mind that is being described could be useful to you?
A description of the content of each session is provided in
Supplementary Material.

Control (No Intervention)
Participants in the control group did not receive
any intervention.

Testing Procedures and Measures
The general procedure of the pre- and post-intervention
assessments of pain sensitivity, cognitive function and pain
interference on cognitive performance is described in Figure 1.

Pain Interference Assessment
The notion of pain interference is frequently used in clinical
literature to refer to any limitation (e.g., movement) imposed
by the chronic pain condition. Here the term specifically refers
to the decrease in working-memory performance caused by
experimental heat pain. The pain interference task is detailed
below and is also further described in our previous study (14).

Sensory Calibration
The temperature used for the painful and non-painful
stimulation in the interference task was calibrated for each

participant to control for inter-individual differences in pain
sensitivity (4, 14, 28). This procedure also generated two
measures of pain sensitivity: pain threshold and temperature
required to produce a moderately painful experience.

Thermal stimulation was delivered on 4 different areas
on the surface of the non-dominant forearm with a Medoc
Thermode contact probe (TSA Neuro-sensory analyzer, Medoc
Ltd. Advanced Medical System, Israel). In total, 28 stimulations
of seven different temperatures (40, 44, 45, 46, 47, 48, 49◦C) were
administered in a random order (method of constant stimuli).
Each stimulation involved 2.5 s of increase from the 32-degree
baseline temperature, 8 s of plateau at the target temperature and
2.5 s of decrease to baseline.

Instructions and visual analog rating scales (VAS) were
presented on amonitor in front of the participant using E-Prime2
Professional (Psychology Software Tools, Sharpsburg, PA). After
each stimulus, participants rated the sensation as painful or not
painful, with a mouse click with the right hand. If the stimulation
was categorized as “not painful,” participants then rated the
warmth of the sensation on VAS, going from 0 (no warmth at all)
to 100 (very warm, without pain). If the sensation was rated as
“painful,” participants then rated pain intensity (0 – “not intense
at all” to 100 - “extremely intense”).

Warmth and pain evaluations were then plotted on a single
scale going from 0 to 200. An exponential stimulus-response
curve was generated for each participant to interpolate the pain
threshold (100/200 on the scale), as well as a moderately painful
temperature (140/200). In addition, a warm temperature (70/200)
was also determined to use as the control temperature in the
interference task (see below). In other words, the temperature
of the painful and warm stimulation was individualized for each
participant and for each testing session, as to match a perceived
pain intensity of 40/100, or a warm sensation of 70/100. Those
specific pain intensity/warmth levels were chosen because our
previous study (14) showed that they were adequate to produce
pain interference. More specifically, a painful stimulation that
is associated with a 40/100 pain intensity rating is sufficient to
produce a decrease in 2-back performance (see below), but not
too intense as to cause participants to abandon the experiment
when repeatedly administrated. A 70/100 warmth stimulation is
used as a control stimulation to ensure the interference effect is
related to pain and not simply thermal sensation.

Two-Back Calibration
TheN-back is a continuous performance taskmeasuring working
memory performance (29). A series of individual letters appeared
successively on a screen for 500ms each, preceded by a 250ms
fixation cross and a blank inter-stimulus interval adjusted
(calibrated) individually to attain comparable performance
across subjects. Participants indicated if the letter being presented
(the possible letters were C, F, J, N, Q, S, V, and X) was the same or
different from the “nth” previous letter. A 2-back task was used,
so that each letter had to be compared with the letter presented
two letters back. The task was administered with a computer on
E-Prime2 Professional (Psychology Software Tools, Sharpsburg,
PA). Participants used the computermouse to indicate if the letter
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was the same (left click) or different (right-click) from the letter
presented two letters back.

Performance accuracy was calculated with the A-sensitive
index statistic, a nonparametric estimate of sensitivity (30). The
goal of the calibration task was to familiarize participants with the
task and to determine task parameters to obtain a performance
of 0.75 < A < 0.85. This was done using an adaptive procedure
by manipulating the inter-stimulus interval by adjusting the
duration of the blank interval (mask) between successive letters:
longer intervals are easier, while shorter intervals are more
difficult (14). By the end of the calibration task, a mask duration
that reliably produced a performance of 0.75 < A < 0.85
was determined and subsequently used in the interference task.
Therefore, the difficulty of the 2-back was also adjusted for each
participant at each session to control individual differences and
possible practice effects on working-memory performance.

Pain Interference Task
During the pain interference task, both the intensity of thermal
stimulations and task difficulty were controlled based on
the results of the calibration phase (28). To assess cognitive
interference caused by pain, participants completed 18 series
of the 2-back task while they received thermal stimulation on
the left forearm, as shown in Figure 2 (note that each 2-back
series is defined here as one trial). The number of n-back items
administered in a trial was adjusted according to the calibration
results to keep the duration of a trial constant at 25 s. The
thermode was applied to a different spot of skin on each trial. Half
of the stimulations were set to produce moderate pain (VAS140)
or non-painful warmth (VAS70) according to the calibration
procedure, delivered in random order. On each trial, the thermal
stimulus started 8 s after the beginning of the 2-back task and the
thermal plateau ended 17 s later, with the last 2-back item. The
pain interference score (PIS) was calculated as the difference in
A-sensitivity index to the 2-back trials between the painful and
non-painful conditions.

Cold Pressor Test
The Hines-brown cold pressor test was performed as a secondary
pain tolerance task to document potential changes in the affective
dimension of pain that might be missed by the heat pain
sensitivity test (31). Participants immersed their left hand in
circulating water at 4.5◦C for the longest period they could
tolerate, for a maximum duration of 300 s (maximum duration
unknown to the participant). When the participants retracted
their hand, they rated pain intensity and pain unpleasantness
between 0-no pain/not unpleasant at all, and 100-extremely
intense pain/extremely unpleasant (32).

Neurocognitive Tasks
Corollary measures of cognitive inhibition and divided attention
were collected (without pain interference) pre- and post-
intervention to explore possible mediators of the hypothesized
changes induced by the mindfulness meditation on pain
interference. However, the main results did not justify testing
mediation models and the description of these tasks is relegated
to the Supplementary Material.

Questionnaires
Questionnaires were used to document possible group
differences in mindfulness and some psychological factors that
may affect pain perception and pain interference. Participants
filled Five Factor Mindfulness Questionnaire (FFMQ) and
Mindful Awareness Attention Scale (MAAS) (33–36); State-Trait
Anxiety Questionnaire (STAI) (37, 38), Pain Catastrophizing
Scale (PCS) (39, 40) and Pittsburgh Sleep Quality Index (PSQI)
(41, 42). Participants could fill the questionnaires in French or
in English.

All questionnaires were administered at both testing sessions
except for the PSQI and the Trait Anxiety Questionnaire,
administered only once before the first testing session. There
were no statistically significant changes in questionnaires score
between sessions one and two. Only session 1 (pre-test) scores
are reported (session 2 scores, as well as test-retest correlations,
are presented in (Supplementary Tables 1, 2).

A Priori Expectation of Improvement
The effects of expectations on pain and cognitive performance
are well documented (43–47). At the beginning of the first
intervention session, a quick description of the intervention was
provided to the participants, and they were asked to rate their
expectations (5-point Likert scales) concerning the effectiveness
of the intervention on pain and cognitive performance. At
the end of the first testing session, participants of the control
group also rated their expectations of changes in pain and
cognitive performance from the first to the second testing session.
Participants were not asked to rate their expectations regarding
pain interference to avoid directing their attention to the primary
outcome of the study.

Pauses
We scheduled pauses of 2min between tests (see Figure 1). In
session one, participants were simply asked to sit, close their
eyes, and wait for 2min. In session 2, participants were asked
to sit, close their eyes and use the time to remember what they
learned during their intervention. Participants from the control
group received the same instruction as the first session. The
experimenter left the room at this moment so that participants
would not feel observed or judged and to reduce the risk
of un-blinding the experimenter to the Meditation Group vs.
Conceptual Group.

Statistical Analysis
Data extraction from E-Prime output files was conducted
using Matlab R© version 7 (MathWorks, Natick, MA, USA), and
statistical analyses were conducted using IBM SPSS statistic
(version 23), with the exception of Bayesian analysis of the null
hypothesis (48, 49). All dependent variables were checked for
extreme scores corresponding to an absolute z-score of 3.29 or
more (50).

The main hypothesis that pain interference would decrease
after the mindfulness meditation intervention was tested by
comparing the PIS observed in the second session to the PIS
obtained in the first session across the three groups, using
a mixed-model ANOVA of GROUP (Meditation, Conceptual,
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FIGURE 2 | Illustration of the pain interference task. Painful (VAS140) or warm (VAS70) stimulation starts 8 s after the beginning of the 2-back. With squares illustrate

the calibrated blank inter-stimuli interval. Letter are presented until the trial ends.

TABLE 1 | Demographic data and a priori expectations (mean with standard

deviations in parenthesis).

Group Meditation Conceptual learning Control

(n = 15) (n = 15) (n = 15)

Female: male 6:9 9:6 8:7

Age (y.) 24.9 (3.9) 23.7 (4.4) 25.5 (4.9)

Education (y.) 16.8 (2.6) 15.1 (2.3) 16.7 (2.6)

MAAS 55.47 (9.5) 61.7 (13.2) 58 (12.6)

FMMQ - Observe 20.87 (4.5) 20.1 (4.0) 21.7 (2.6)

FFMQ - Awarness 21.73 (2.3) 22.2 (3.7) 21.6 (3.6)

FFMQ - Describe 23.87 (5.1) 24.8 (3.8) 22.7 (3.4)

FFMQ - Nonreact 25.93 (3.5) 28.6 (1.9) 26.7 (3.4)

FFMQ - Nonjudge 22.60 (3.20) 22.2 (3.6) 22.1 (3.1)

PCS - Rumination 8.13 (3.89) 7.3 (4.9) 6.8 (4.1)

PCS - Magnification 3.73 (2.63) 2.9 (2.2) 3.8 (2.8)

PCS - Helplessness 5.93 (3.95) 6.1 (5.6) 6.27 (3.77)

PSQI 5.47 (2.33) 4.6 (1.6) 2.67 (1.6)

STAI - Trait 37.4 (7.44) 32.3 (9.7) 32.2 (9.6)

Expectation on pain 3.3 (0.80) 3.5 (1.0) 3.0 (0.80)

Expectation on cognition 3.6 (0.90) 3.2 (1.0) 3.4 (1.4)

Control) x SESSION (Pre vs. Post), with Tukey’ post-hoc test.
Change scores (pre-to-post intervention) were also compared
between groups using an unplanned ANCOVA controlling for
individual differences in baseline PIS.

Effects of the intervention on pain sensitivity and cognition
were also assessed with mixed-model GROUP x SESSION
ANOVA’s. Mean tolerance times in the Hines-Brown Cold
pressor task was computed in each group and each session, but
the distributions showed important deviation from normality
(bimodal distribution), precluding parametric comparisons (51).
Log-rank test on Kaplan-Mehier curves, a nonparametric
survival analysis, was used (52). Such analysis allows comparison
of the probability of an event to occur through time and across
different groups, in presence of censored observation. In our case,

the target event was hand retraction from the cold pressor and
a censored observation referred to a trial where the participant
would keep his hand submerged for the complete duration of
the test (300 s). This test was performed to compare groups on
duration of hand immersion at session 1 and 2. In addition, a
mixed-measure GROUP X SESSION ANCOVA was performed
on pain intensity and unpleasantness ratings of the cold-pressor
test using immersion duration as a covariate.

When testing the null hypothesis was of interest, or when
statistical significance was near p = 0.05, Bayesian statistics
were also performed (48, 49). Bayesian analyses were conducted
with Dienes online calculator on group mean differences
between the pre- vs. post-intervention measurements [https://
medstats.github.io/bayesfactor.html, (48)]. The predictions of
the alternative hypothesis were modeled with a normal two-
tailed distribution centered on zero (theoretical mean = 0).
Theoretical standard deviations were derived from a study on
mindfulness and pain (16) for pain-related variables, and from a
study on manipulation of pain expectation for the expectations
analyses (53). Interpretation of Bayes factors followed the
recommendation of (54). It is worth noting that, while Bayesian
statistics produce a continuous qualification of evidence (as
opposed to the alpha threshold of the null hypothesis significance
testing approach), a Bayes factor above 3 roughly corresponds to
the level of evidence “for H1” provided by the rejection of H0
when p < 0.05. Conversely, a Bayes factor under 1/3 implies the
same level of evidence, but for H0; Bayes factors between 1/3 and
3 are interpreted as “anecdotal” or “inconclusive” (55).

RESULTS

Sample Description
The selection of participants and final sample are described
in Table 1 and Figure 3. A total of 292 potential volunteers
contacted our research team to inquire about the study and 63
were recruited and allocated to one of the three groups. Refusal to
participate and attrition were mainly due to the number of visits
required for the study and difficulty in scheduling all the sessions
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FIGURE 3 | Consort-like flowchart of the participants.
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FIGURE 4 | PIS mean (95% within subjects CI’s) for each group at both

testing session. The PIS is the difference between the A-sensitivity index of the

2-back task in the warm condition minus the pain condition. A higher PIS

indicates more pain interference. *p = 0.017.

within the time frame prescribed by the study design. From the
63 participants enrolled, 15 did not show up to the first testing
session and three stopped the experimentation at the calibration
phase because they felt uncomfortable with the testing procedure.
A total of 45 participants had a complete, or almost complete,
data set (n = 15 per group) and entered the final analysis.
There was no difference in the ratio of male/female per group:
χ

2 (2)= 1.25, p= 0.54.
There was no significant GROUP differences on any

questionnaire (all p’s > 0.1) and no significant SESSION effect
or GROUP X SESSION interaction on the questionnaires filled at
both sessions (all p’s > 0.05).

Pain Interference (Primary Outcome)
Sensory Calibration
Pain sensitivity decreased slightly but significantly (p < 0.05)
between sessions on VAS70 and VAS140 (i.e., increased
temperature to produce the same subjective level of pain). There
was no interaction with the GROUP (all p’s > 0.75), consistent
with a non-specific decrease in pain sensitivity independent
from the intervention. Detailed statistical results are provided in
Supplementary Table 3.

2-Back Calibration
The mask duration increased significantly from the first to the
second testing session across all groups to control for baseline
task performance in the calibration phase (p <0.05). There
was no significant interaction GROUP X SESSION (p = 0.9).
This is consistent with a non-specific training effect across all
groups. Also, test-retest correlations (r = 0.78, p < 0.001)
are consistent with previous literature on n-back performance
(56) and suggests an acceptable test-retest reliability. Detailed
statistical results of the calibration procedure are provided in
Supplementary Table 4.

Pain Interference Task
The 2-back performance at Session 1 confirmed that performance
decreased in the VAS140 (painful) condition compared to the
VAS70 (warm) condition (p< 001, d= 0.62). Mean performance
was 82,35% in the painful condition (CI = 79,92 to 84,78%)
and 86, 55% in the warmth condition (CI = 84,27 to 88,84%).
This indicates that the task worked as intended and that pain
interference was produced.

Pain Interference Scores (PIS), assessed using the difference
in 2-back performance (A-sensitivity index) between painful and
warm condition, are shown in Figure 4, with within subject
95% CIs (57). The analysis revealed no main effect of SESSION
[F(1,41) = 0.99, p = 0.3, η² = 0.02] or GROUP [F(2,41) =

3.26, p = 0.7, η² = 0.02]. However, PIS showed a significant
interaction GROUP X SESSION [F(2,41) = 3,48, p = 0.040, η²
= 0.15]. Post-hoc analysis in one-way ANOVA on change scores
between sessions revealed no significant difference between the
PIS change between the Meditation Group and the Control
Group (p = 0.66). However, PIS changes in the Conceptual
Group were significantly different from those observed in the
Control Group (p = 0.017, g = 0.85), suggesting a decrease
in pain interference following the conceptual intervention. This
effect in the Conceptual Group was not statistically significant
when compared to the change in PIS observed in the Meditation
Group (p= 0.051, g = 0.86).

The Bayes factor for the comparison between PIS change in
theMeditation and Control Group was 0.54, indicating anecdotal
evidence in favor of the null hypothesis. This indicates that
the data is inconclusive regarding the difference PIS changes
observed in the Meditation and Control Group. Bayes factor for
the comparison between the Meditation and Conceptual Group
was 18.23, suggesting strong evidence in favor of the alternative
hypothesis (difference between the PIS change in these two
groups). The Bayes factor for the comparison between PIS change
in the Conceptual and Control Group was 42.89, suggesting very
strong evidence in favor of the alternative hypothesis, consistent
with a larger effect of the intervention in the Conceptual Group.

Given the higher baseline PIS of the Conceptual Group, the
significant improvement may be caused by a regression toward
the mean. That is, higher baseline values due to chance are more
likely to decrease following the intervention (58). To control for
a potential regression toward the mean, an unplanned ANCOVA
was conducted on PIS changes across measurement time. The
effect of the intervention was not significant after controlling for
individual differences in PIS levels at baseline [F(2, 41) = 2.07,
p= 0.14, η²= 0.094].

Cold Pressor (Secondary Outcome)
Pain tolerance (hand immersion time), proportion of subjects
tolerating the maximum duration of the test, and pain intensity
and unpleasantness ratings, are reported in Table 2. The larger
increase in mean immersion time, and in the proportion of
participants doing the test for the full duration, is found in
the Control Group. Large CI’s reveal important variability in
pain tolerance and Log-Rank comparisons of Kaplan-Mehier
survival curves at session one or two showed no difference on
hand retraction probability between the three groups (session
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1: χ2 = 1.20; p = 0.52; session 2: χ2 = 2.21; p = 0.30). Overall,
these results do not show evidence of an effect of the intervention
on pain tolerance. Distribution of the hand immersion time and
survival curves are provided in the (Supplementary Figure 2).

Cold pain ratings (intensity; unpleasantness) decreased on
the second testing session but this main effect did not meet the
significance threshold when controlling for the tolerance time
[ANCOVA, Intensity: F(1,41) = 3.89, p = 0.056, η² = 0.09;
Unpleasantness: F(1.41) = 2.46, p = 0.057, η² = 0.07]. More
importantly, there was a significant interaction between GROUP
and SESSION on pain intensity [F(2;41) = 3.85, p = 0.029,
η² = 0.19] and pain unpleasantness [F(2,41) = 3.83, p = 0.030,
η² = 0.16]. This indicates that the effect of sessions on cold
pain varied between groups. The effects remained significant
when controlling for baseline scores [Intensity F(2;41) = 3.89,
p = 0.028, η² = 0.16; Unpleasantness F(2;41) = 4.56, p = 0.016,
η²= 0.17].

For pain intensity, post-hoc analysis revealed that changes in
pain between sessions in the Meditation Group did not differ
from those observed in the Control Group for ratings of both
pain intensity (p = 0.7, g = 0.16) and pain unpleasantness
(p = 0.6, g = 0.28). However, analyses revealed a significantly
larger change in the Conceptual Group when compared to the
Control Group, for both pain intensity (p = 0.03, g = 0.88)
and unpleasantness (p = 0.023, g = 0.78). Change in pain
intensity and unpleasantness was also larger for the Conceptual
Group when compared with the Meditation Group, although the
difference did not reach statistical significance [pain (p = 0.056,
g = 0.60); unpleasantness (p = 0.072, g = 0.55)]. These effects
indicate that only the conceptual intervention reduced pain
significantly during the cold pressor task. Pairwise comparisons
on pain intensity or unpleasantness change over time between
groups were also computed on adjusted means, as to control
for the confounding effect of the immersion time covariate. The
results are similar (pain intensity: Meditation vs. Conceptual
learning p = 0.11, g = 0.59; Meditation vs. Control p = 0.29 g
= 0.38, Conceptual learning vs. Control p = 0.01, g = 0.98; Pain
unpleasantness: Meditation vs. Conceptual learning p = 0.10, g
= 0.56; Meditation vs. Control p = 0.25 g = 0.41, Conceptual
learning vs. Control p= 0.01, g = 0.98).

However, it should be noted that exploratory analyses were
also conducted on cognitive and personality measures (see
Supplementary Material). The interaction effect for both pain
intensity and pain unpleasantness would not remain significant
if adjusted for all the exploratory analyses.

A Priori Expectation of Improvement
Participants of all three groups generally expected a reduction in
pain sensitivity and some improvement in cognitive performance
in session 2 (Table 1). However, expectations scores were not
significantly different between groups for pain [F(2,41) < 1
p= 0.49] or cognitive performance [F(2,41) < 0.60; p= 0.60].

The Bayes factor for the pairwise comparison between pain
expectations in the three groups varied between 0.07 and
0.19. These values represent moderate evidence in favor the
null hypothesis. The Bayes factor for the pairwise comparison
between cognitive performance expectations in the three groups

varied between 0.10 and 0.27. These values represent moderate
to strong evidence in favor of the null hypothesis. These results
confirm an absence of group differences in expectations of the
efficacy of the intervention, or test repetition in the control group,
on pain or cognitive performance.

DISCUSSION

This study tested the main hypothesis that a short intervention
involving mindfulness meditation training would reduce the
interference produced by acute pain on cognitive performance.
This was not confirmed as the meditation group did not
improve following training compared to both the active
and the no-intervention control groups. However, the active
control group receiving conceptual education about mindfulness
did show significant reduction in pain-induced interference.
This reduction is supported by the planned ANOVA and
Bayesian analysis.

Secondary outcomes suggested a significantly larger reduction
in cold pain perception (controlling for immersion time)
only in the conceptual group and Bayesian analysis further
confirmed an improvement in this group when compared to the
other two groups. No other significant changes were observed
in cold pain tolerance, heat pain perception, or cognitive
performance on the Stroop test, the dual task, or the 2-back
task (see Supplementary Material). A priori expectations about
changes in pain and cognitive performance measured before
the interventions were also comparable across groups. Given
the large number of statistical tests performed on secondary
outcomes, the significant results in the cold painmeasures should
be interpreted with caution.

Meditation Training
Results indicate that five daily sessions of mindfulness meditation
based on attentional training is not sufficient to reduce
pain interference. Similarly, secondary measures of pain
sensitivity, pain tolerance or cognitive performance did not
show improvement. Those results are observed in the context
of a carefully designed meditation intervention conducted by a
facilitator with notable meditation experience and a recognized
mindfulness certification, as previously recommended (24). The
direction of themean pain interference score changes (increase in
Meditation group and decrease in Conceptual group) indicates
that insufficient power is not a satisfactory explanation for
the discrepancy of the present results with previous reports
suggesting improvements following meditation training.

What specific factors could explain the negative results
regarding the effects of mindfulness meditation training? The
comparison with studies using short mindfulness intervention
that reported a positive effect on similar variables suggests that
the delay between meditation practice and pain testing should be
taken into account. Benefits induced by mindfulness meditation
might be short-lived and temporally dependent upon the practice
of meditation during or immediately before the pain test.

Previous studies have found that short attention regulation
training produce stronger analgesic effects than distraction and
placebo (16, 17, 59–61). However, the analgesia reported was
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TABLE 2 | Hand immersion time and pain evaluation of the hines-brown cold-pressor task (mean with 95% CI).

Group Meditation Conceptual learning Control

(n = 15) (n = 15) (n = 15)

Immersion time. session 1 (in seconds) 116.9 (52.1 to 181.8) 156.5 (84.9 to 228.2) 79.6 (36.6 to 122.6)

Immersion time. session 2 (in seconds) 96.5 (37.1 to 156) 164.4 (97.4 to 231.4) 122.1 (53.2 to 191.00)

Pain intensity, session 1 (on a 0 to 100 scale) 77.9 (67.4 to 88.3) 80.0 (72.0 to 88.0) 84.4 (76.5 to 92.3)

Pain intensity, session 2 (on a 0 to 100 scale) 76.4 (63.5 to 89.3) 70.0 (59.5 to 80.5) 84.1 (77.5 to 90.8)

Pain unpleasantness session 1 (on a 0 to 100 scale) 71.2 (56.3 to 86.1) 79.7 (69.8 to 89.6) 87.5 (80.4 to 94.5)

Pain unpleasantness session 2 (on a 0 to 100 scale) 69.3 (53.5 to 85.1) 66.0 (52.2 to 79.8) 88.9 (82.5 to 95.3)

produced in a context where participants had just practiced a
guided meditation and were specifically asked to practice focused
attention exercises while receiving a painful stimulation. Here,
participants were not asked to meditate in the post-intervention
session. They were only asked to close their eyes very briefly
before each test and to remember what they had learned during
the training sessions. Actively practicing a mediation exercise
during pain may be necessary to produce hypoalgesic effects
following short-term training. Our results suggest that a brief
mindfulness training does not affect pain interference, pain
tolerance or pain sensitivity tested on a separate day that did not
involve active guided meditation.

Learning to engage in meditation exercises might be
challenging and, in some contexts, counterintuitive (62).
Engaging rapidly in meditation without the presence of a
facilitator, or without specific instructions may also be too
difficult for inexperienced meditators. This may be even more
crucial in the context of extensive assessment as conducted in
the present study, where participants may lack motivation and/or
the cognitive resources to engage meaningfully and persistently
in meditation.

Participants in the meditation group may even have actively
tried to preserve their regulatory resources for the demanding
tasks (63, 64). Another study using meditation-novice healthy
participants has found that brief mindfulness meditation altered
regulatory resources in the context of pain regulation (65).
Novice mindfulness meditators are perhaps vulnerable to ego-
depletion (66) or similar motivational limitations (67). Indeed,
ego-depletion could explain why mindfulness can sometimes
produce suboptimal or iatrogenic effects (68). For example,
awareness of breath or body can increase the stress response
of novice meditators, instead of reducing it (69). While our
results do not provide direct support for the ego-depletion
interpretation, it is important to stress that a feature of our
methodology involved long assessment sessions. This is not the
case with previous studies that showed a mindfulness-induced
improvement in pain regulation (16, 17, 59–61).

Conceptual Learning About Mindfulness
An unexpected result of the present study is the reduction of pain
interference and cold pain perception following the conceptual
learning intervention. This intervention was first designed as an
active condition to control for non-specific effects of successive
visits to the laboratory in the context of a mindfulness-based

intervention (24). However, the Conceptual group was exposed
to knowledge about mindfulness. The basis of mindfulness
approaches is to promote an open and acceptance attitude,
including toward aversive events, and conceptual education likely
contributes to such benefits (9, 70, 71). In the context of very brief
interventions, being exposed to, and discussing mindfulness-
related concepts might be sufficient to develop curiosity about
habitual behavioral, emotional and cognitive response, notably to
aversive stimuli like pain, and potentially modify secondary pain
affect (8), resulting in reduced pain interference.

Another possible explanation for the observed effect of the
conceptual intervention relates to suggestions. Pain perception
is consistently modified by suggestions (72), and similar effects
have been reported on the interruptive effects of pain on
cognitive performance (6). Hypnotic suggestions also take
advantage of this mechanism to generate reliable pain relief
(73, 74). While mindfulness was originally conceptualized as
very distinct from hypnosis (e.g., a non-striving approach as
opposed to the goal-oriented perspective of hypnosis), the two
approaches present many similarities (75, 76). Importantly,
manipulation of meditators’ expectations may be a central
mechanism of mindfulness interventions (77). The present
results may therefore be explained by such process, as the
conceptual group was more extensively exposed to mindfulness
education explicitly suggesting adopting a more open and
attentive attitude, and implicitly suggesting reduced pain
interference (e.g., reacting with flexibility and acceptance to
aversive events).

Finally, it should be noted that the decrease in interference
and cold pain ratings in the Conceptual group are statistically
significant only when compared to changes observed in a
passive, non-blinded, control group.. Moreover, mean PIS at
Session 1 (pre-intervention) is higher for the conceptual learning
group than for the two other groups (see Figure 4). While
testing for baseline difference is not a recommended practice
for randomized studies (78, 79), the diminution of PIS in the
active control intervention group could be partly explained by
the higher value at baseline. Higher baseline values are likely due
to chance and thus likely to return to normal (i.e., lower) value
at post-test. This phenomenon is called “regression toward the
mean” and can be accounted for by adding baseline scores as a
covariate (58) ANCOVAs showed that pain interference scores
reduction in the conceptual group was not statistically significant
when controlling for baseline interference. Conversely, cold pain
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perception results remained significant. Regression toward the
mean likely explains the reduction in pain interference, but not
in cold pain intensity and unpleasantness.

Limitation and Implication for Future
Research
Afirst limitation that warrants much consideration is the number
of exploratory analyses conducted. We tested the effect of
the intervention on cold pain tolerance, cold pain perception,
heat pain threshold, cognitive inhibition and flexibility, divided
attention, as well as mindfulness and anxiety measures. Had
our main hypothesis been confirmed, these additional measures
could have suggested potential pain interference reduction
mechanisms. However, conducting that many tests increase
Type-1 error risk. Improvement in cold pain perception in the
conceptual group must therefore be considered with caution.

Secondly, althoughwe did assess trait mindfulness (33), we did
not assess the engagement ormindfulness state changes following
the meditation interventions. It is not clear if the participant
correctly learned how to practice meditation but could not
practice by themselves during the assessment session or if the
intervention was simply ineffective. Similarly, the conceptual
intervention might have induced a mindfulness state, as informal
forms of mindfulness exercises were presented. The limitation of
manipulation checks regarding the interventions therefore limits
the interpretation of our unexpected findings.

Finally, it should be noted that the present study was testing
a short intervention paradigm on the interference produced by
acute experimental pain. It is a practical solution for experimental
research purposes, but the results may not translate directly into
clinical implications on chronic pain states and to more complex
interventions.Mindfulness interventions implemented in clinical
practice typically last 4 to 8 weeks (9).

Nevertheless, the dissociation between meditation practice
and conceptual learning about mindfulness is an original
contribution that brings a novel perspective on mindfulness
literature. Our unexpected results – a reduction in pain
interference and in cold pain sensitivity in the conceptual group
– could imply that that conceptual learning (and/or suggestions)
may be relevant mechanisms by which mindfulness affects
pain regulation. Of course, future studies should replicate the
positive effects observed in the conceptual learning group to
further confirm that such intervention can reliably decrease pain
interference and reduce cold pain sensitivity.

Future studies should also assess the temporal dynamics of
meditation-induced changes in pain. In the context of brief
mindfulness intervention, it is possible that meditation produces
a very transient reduction in pain during or immediately after the
meditation practice, a valuable benefit for pain self-management
that may not easily generalize to produce persistent clinical
improvements, or that may go undetected using standard clinical
assessment tools. Note that participants attending Mindfulness-
based Stress Reduction (MBSR) training generally fail to
maintain the recommended duration of meditation practice,
both during (80) and in the years following the intervention
(81). This lack of regular meditation practice combined with

the potentially short-lived nature of the meditation-induced
pain regulation might explain why mindfulness interventions do
not consistently produce sustained reductions in chronic pain
symptoms (10, 11, 82). In contrast, experienced meditators show
a baseline reduction in pain sensitivity even when not meditating
and can also reliably produce meditative analgesia (83, 84).
Thus, the temporal dynamics of pain regulation by meditation in
novice meditators (such as MBSR participant) should be further
investigated and compared with that of meditators of different
experience level (85, 86).

CONCLUSION

The present results suggest that benefits from brief mindfulness
meditation training reported in previous studies may
be transient, temporally dependent upon an immediate
practice, and may not spontaneously generalize to a separate
testing session. In contrast, the conceptual learning group,
who received an educational intervention on mindfulness
but did not practice any formal meditation exercise,
showed a reduction in pain interference and in cold pain
perception. This unexpected result should be considered with
caution but may reflect improved pain regulation through
explicit and/or implicit suggestions that may modify ones’
reactions to pain. Future studies must be conducted to
delineate the relative contribution of implicit and explicit
mindfulness suggestions on the reduction of acute and chronic
pain symptoms.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily
available because Data sharing with other researchers
was not included in the consent form. Requests to access
the datasets should be directed to Louis-Nascan Gill,
gill.louis-nascan@courrier.uqam.ca.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Comité d’éthique de la recherche
du Centre de Recherche de l’Institut Universitaire
de Gériatrie de Montréal. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

L-NG, MR, VTay, KM, and PR contributed to the conception
and design of the study. MR, VTab, and LB conceived the
pain interference task. LB and ML developed and validated
the computerized neuropsychological tests. L-NG designed
and administered the mindfulness interventions, recruited
participants, and assessed eligibility. KM acquired the pre- and
post-intervention data. L-NG, MR, KM, and PR contributed to
the analysis design and interpretation of results. L-NG prepared

Frontiers in Pain Research | www.frontiersin.org 11 June 2021 | Volume 2 | Article 673027

mailto:gill.louis-nascan@courrier.uqam.ca
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Gill et al. Mindfulness and Pain Interference

the manuscript with PR. This research was conducted as part
of the research requirement for the Master in Psychology of
L-NG. All authors contributed to the article and approved the
submitted version.

FUNDING

Funding for this study was provided in part by the Mind &
Life Institute (VTay) and by the Canadian Institute for Health
Research (CIHR; PR, Grant no. 201303MOP-301703). L-NG
and PR received salary support from the Fonds de la recherche
Québec – Santé (FRQS).

ACKNOWLEDGMENTS

We would like to thank Adriana Rodriguez-Ayotte for her
contribution to the acquisition of pre- and post-intervention data
and to Sophie Bergeron and Serge Sultan for their constructive
comments on the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpain.
2021.673027/full#supplementary-material

REFERENCES

1. Eccleston C, Crombez G. Pain demands attention: a cognitive-affective model
of the interruptive function of pain. Psychol Bulletin. (1999) 125:356–66.
doi: 10.1037/0033-2909.125.3.356

2. Berryman C, Stanton TR, Bowering KJ, Tabor A, McFarlane A,
Moseley GL. Do people with chronic pain have impaired executive
function? A meta-analytical review. Clin Psychol Rev. (2014) 34:563–79.
doi: 10.1016/j.cpr.2014.08.003

3. Burke AL, Mathias JL, Denson LA. Psychological functioning of people living
with chronic pain: a meta-analytic review. Br J Clin Psychol. (2015) 54:345–60.
doi: 10.1111/bjc.12078

4. Moore DJ, Keogh E, Eccleston C. The interruptive effect of pain on attention.
Quar J Exp Psychol. (2012) 65:565–86. doi: 10.1080/17470218.2011.626865

5. Moore DJ, Keogh E, Eccleston C. The effect of threat on attentional
interruption by pain. Pain. (2013) 154:82–8. doi: 10.1016/j.pain.2012.09.009

6. Sinke C, Schmidt K, Forkmann K, Bingel U. Phasic and tonic pain
differentially impact the interruptive function of pain. PLoS ONE. (2015)
10:e0118363. doi: 10.1371/journal.pone.0118363

7. Schrooten M, Karsdorp P, Vlaeyen J. Pain catastrophizing moderates the
effects of pain-contingent task interruptions. Eur J Pain. (2013) 17:1082–92.
doi: 10.1002/j.1532-2149.2012.00276.x

8. Price DD. Psychological and neural mechanisms of the affective dimension of
pain. Science. (2000) 288:1769–72. doi: 10.1126/science.288.5472.1769

9. Baer RA. Mindfulness training as a clinical intervention: a conceptual
and empirical review. Clin Psychol Sci Pract. (2003) 10:125–43.
doi: 10.1093/clipsy/bpg015

10. Bawa FL, Marikar FL, Mercer SW, Atherton RJ, Clague F, Keen A, et
al. Does mindfulness improve outcomes in patients with chronic pain?
Systematic review and meta-analysis. Br J Gen Pract. (2015) 65:e387–400.
doi: 10.3399/bjgp15X685297

11. Song Y, Lu H, Chen H, Geng G, Wang J. Mindfulness intervention in the
management of chronic pain and psychological comorbidity: a meta-analysis.
Int J Nurs Sci. (2014) 1:215–23. doi: 10.1016/j.ijnss.2014.05.014

12. Petter M, Chambers CT, McGrath PJ, Dick BD. The role of trait
mindfulness in the pain experience of adolescents. J Pain. (2013) 14:1709–18.
doi: 10.1016/j.jpain.2013.08.015

13. Poulin PA, Romanow HC, Rahbari N, Small R, Smyth CE, Hatchard
T, et al. The relationship between mindfulness, pain intensity, pain
catastrophizing, depression, and quality of life among cancer survivors
living with chronic neuropathic pain. Sup Care Cancer. (2016) 24:4167–75.
doi: 10.1007/s00520-016-3243-x

14. Tabry V, Vogel TA, Lussier M, Brouillard P, Buhle J, Rainville P, et al. Inter-
individual predictors of pain inhibition during performance of a competing
cognitive task. Sci Rep. (2020) 10:21785. doi: 10.1038/s41598-020-78653-z

15. Shires A, Sharpe L, Newton John TRO. The relative efficacy of mindfulness
versus distraction: the moderating role of attentional bias. Eur J Pain. (2018)
23:727–38. doi: 10.1002/ejp.1340

16. Zeidan F, Emerson NM, Farris SR, Ray JN, Jung Y, McHaffie
JG, et al. Mindfulness meditation-based pain relief employs

different neural mechanisms than placebo and sham mindfulness
meditation-induced Analgesia. J Neurosci. (2015) 35:15307–25.
doi: 10.1523/JNEUROSCI.2542-15.2015

17. Zeidan F, Gordon NS, Merchant J, Goolkasian P. The effects of brief
mindfulness meditation training on experimentally induced pain. J Pain.

(2009) 11:199–209. doi: 10.1016/j.jpain.2009.07.015
18. Prins B, Decuypere A, Van Damme S. Effects of mindfulness and

distraction on pain depend upon individual differences in pain
catastrophizing: an experimental study. Eur J Pain. (2014) 18:1307–15.
doi: 10.1002/j.1532-2149.2014.491.x

19. Marouf R, Caron S, Lussier M, Bherer L, Piche M, Rainville P. Reduced pain
inhibition is associated with reduced cognitive inhibition in healthy aging.
Pain. (2014) 155:494–502. doi: 10.1016/j.pain.2013.11.011

20. Gierthmuhlen J, Enax-Krumova EK, Attal N, Bouhassira D, Cruccu
G, Finnerup NB, et al. Who is healthy? Aspects to consider when
including healthy volunteers in QST–based studies-a consensus statement
by the EUROPAIN and NEUROPAIN consortia. Pain. (2015) 156:2203–11.
doi: 10.1097/j.pain.0000000000000227

21. Bourque P, Beaudette D. Étude psychometrique du questionnaire de
dépression de Beck auprès d’un échantillon d’étudiants universitaires
francophones. Can J Behav Sci. (1982) 14:211. doi: 10.1037/h0081254

22. Letzen JE, Sevel LS, Gay CW, O’Shea AM, Craggs JG, Price DD,
et al. Test-retest reliability of pain-related brain activity in healthy
controls undergoing experimental thermal pain. J Pain. (2014) 15:1008–14.
doi: 10.1016/j.jpain.2014.06.011

23. Faul F, Erdfelder E, Lang A-G, Buchner A. G∗ Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Meth. (2007) 39:175–91. doi: 10.3758/BF03193146

24. Davidson RJ, Kaszniak AW. Conceptual and methodological issues in
research on mindfulness and meditation. Am Psychol. (2015) 70:581–92.
doi: 10.1037/a0039512

25. Lutz A, Jha AP, Dunne JD, Saron CD. Investigating the phenomenological
matrix of mindfulness-related practices from a neurocognitive perspective.
Am Psychol. (2015) 70:632. doi: 10.1037/a0039585

26. Lutz A, Slagter HA, Dunne JD, Davidson RJ. Attention regulation
and monitoring in meditation. Trends Cog Sci. (2008) 12:163–9.
doi: 10.1016/j.tics.2008.01.005

27. Kabat-Zinn J. Wherever you go, there you are. Hachette UK: Mindfulness
meditation in everyday life (2009).

28. Buhle J, Wager TD. Performance-dependent inhibition of pain
by an executive working memory task. Pain. (2010) 149:19–26.
doi: 10.1016/j.pain.2009.10.027

29. Jaeggi SM, Buschkuehl M, Perrig WJ, Meier B. The concurrent validity of
the N-back task as a working memory measure. Memory. (2010) 18:394–412.
doi: 10.1080/09658211003702171

30. Zhang J, Mueller ST. A note on ROC analysis and non-parametric estimate of
sensitivity. Psychometrika. (2005) 70:203–12. doi: 10.1007/s11336-003-1119-8

31. Rainville P, Feine JS, BushnellMC, DuncanGH. A psychophysical comparison
of sensory and affective responses to four modalities of experimental pain.
Somatosens Mot Res. (1992) 9:265–77. doi: 10.3109/08990229209144776

Frontiers in Pain Research | www.frontiersin.org 12 June 2021 | Volume 2 | Article 673027

https://www.frontiersin.org/articles/10.3389/fpain.2021.673027/full#supplementary-material
https://doi.org/10.1037/0033-2909.125.3.356
https://doi.org/10.1016/j.cpr.2014.08.003
https://doi.org/10.1111/bjc.12078
https://doi.org/10.1080/17470218.2011.626865
https://doi.org/10.1016/j.pain.2012.09.009
https://doi.org/10.1371/journal.pone.0118363
https://doi.org/10.1002/j.1532-2149.2012.00276.x
https://doi.org/10.1126/science.288.5472.1769
https://doi.org/10.1093/clipsy/bpg015
https://doi.org/10.3399/bjgp15X685297
https://doi.org/10.1016/j.ijnss.2014.05.014
https://doi.org/10.1016/j.jpain.2013.08.015
https://doi.org/10.1007/s00520-016-3243-x
https://doi.org/10.1038/s41598-020-78653-z
https://doi.org/10.1002/ejp.1340
https://doi.org/10.1523/JNEUROSCI.2542-15.2015
https://doi.org/10.1016/j.jpain.2009.07.015
https://doi.org/10.1002/j.1532-2149.2014.491.x
https://doi.org/10.1016/j.pain.2013.11.011
https://doi.org/10.1097/j.pain.0000000000000227
https://doi.org/10.1037/h0081254
https://doi.org/10.1016/j.jpain.2014.06.011
https://doi.org/10.3758/BF03193146
https://doi.org/10.1037/a0039512
https://doi.org/10.1037/a0039585
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.pain.2009.10.027
https://doi.org/10.1080/09658211003702171
https://doi.org/10.1007/s11336-003-1119-8
https://doi.org/10.3109/08990229209144776
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Gill et al. Mindfulness and Pain Interference

32. Price DD, Harkins SW, Baker C. Sensory-affective relationships among
different types of clinical and experimental pain. Pain. (1987) 28:297–307.
doi: 10.1016/0304-3959(87)90065-0

33. Baer RA, Smith GT, Lykins E, Button D, Krietemeyer J, Sauer S, et
al. Construct validity of the five facet mindfulness questionnaire in
meditating and nonmeditating samples. Assessment. (2008) 15:329–42.
doi: 10.1177/1073191107313003

34. Brown KW, Ryan RM. The benefits of being present: mindfulness and
its role in psychological well-being. J Person Soc Psychol. (2003) 84:822.
doi: 10.1037/0022-3514.84.4.822

35. Heeren A, Douilliez C, Peschard V, Debrauwere L, Philippot P. Cross-
cultural validity of the five facets mindfulness questionnaire: adaptation and
validation in a french-speaking sample. Eur Rev Appl Psychol. (2011) 61:147–
51. doi: 10.1016/j.erap.2011.02.001

36. Jermann F, Billieux J, Laroi F, d’Argembeau A, Bondolfi G, Zermatten A, et al.
Mindful attention awareness scale (MAAS): psychometric properties of the
french translation and exploration of its relations with emotion regulation
strategies. Psychol Assess. (2009) 21:506–14. doi: 10.1037/a0017032

37. Barnes LL, Harp D, Jung WS. Reliability generalization of scores on the
Spielberger state-trait anxiety inventory. Educ Psychol Meas. (2002) 62:603–
18. doi: 10.1177/0013164402062004005

38. Gauthier J, Bouchard S. Adaptation canadienne-française de la forme révisée
du state–trait anxiety inventory de spielberger. Can J Behav Sci. (1993) 25:559.
doi: 10.1037/h0078881

39. French DJ, Noël M, Vigneau F, French JA, Cyr CP, Evans RT. L’Échelle de
dramatisation face à la douleur PCS-CF: Adaptation canadienne en langue
française de l’échelle pain catastrophizing scale.Can J Behav Sci. (2005) 37:181.
doi: 10.1037/h0087255

40. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development
and validation. Psychol Assess. (1995) 7:524. doi: 10.1037/1040-3590.7.4.524

41. Ait-Aoudia M, Levy PP, Bui E, Insana S, De Fouchier C, Germain A, et
al. Validation of the french version of the pittsburgh sleep quality index
addendum for posttraumatic stress disorder. Eur J Psychotraumatol. (2013)
4:19298. doi: 10.3402/ejpt.v4i0.19298

42. Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F.
Test–retest reliability and validity of the pittsburgh sleep quality
index in primary insomnia. J Psychosom Res. (2002) 53:737–40.
doi: 10.1016/S0022-3999(02)00330-6

43. Colagiuri B. Participant expectancies in double-blind randomized placebo-
controlled trials: potential limitations to trial validity. Clin Trials. (2010)
7:246–55. doi: 10.1177/1740774510367916

44. Frisaldi E, Shaibani A, Benedetti F. Why we should assess patients’
expectations in clinical trials. Pain Therapy. (2017) 6:107–10.
doi: 10.1007/s40122-017-0071-8

45. Kirsch I. Response expectancy as a determinant of experience and behavior.
Am Psychol. (1985) 40:1189. doi: 10.1037/0003-066X.40.11.1189

46. Pollo A, AmanzioM, Arslanian A, Casadio C, Maggi G, Benedetti F. Response
expectancies in placebo analgesia and their clinical relevance. Pain. (2001)
93:77–84. doi: 10.1016/S0304-3959(01)00296-2

47. Tracey I. Getting the pain you expect: mechanisms of placebo, nocebo
and reappraisal effects in humans. Nat Med. (2010) 16:1277–83.
doi: 10.1038/nm.2229

48. Dienes Z. Using bayes to get the most out of non-significant results. Front
Psychol. (2014) 5:781. doi: 10.3389/fpsyg.2014.00781

49. Gallistel CR. The importance of proving the null. Psychol Rev. (2009) 116:439–
53. doi: 10.1037/a0015251

50. Tabachnick BG, Fidell LS. Using Multivariate Statistics. Boston, MA: Pearson
(2007). p. 5, 73–76.

51. Chen AC, Dworkin SF, Haug J, Gehrig J. Human pain responsivity in
a tonic pain model: psychological determinants. Pain. (1989) 37:143–60.
doi: 10.1016/0304-3959(89)90126-7

52. Goel MK, Khanna P, Kishore J. Understanding survival analysis: kaplan-meier
estimate. Int J Ayurv Res. (2010) 1:274–8. doi: 10.4103/0974-7788.76794

53. Sharpe L, Nicholson Perry K, Rogers P, Refshauge K,
Nicholas MK. A comparison of the effect of mindfulness
and relaxation on responses to acute experimental pain.
Eur J Pain. (2013) 17:742–52. doi: 10.1002/j.1532-2149.2012.0
0241.x

54. Lee MD, Wagenmakers E-J. Bayesian Cognitive Modeling: A Practical Course.
Cambridge, MA: Cambridge University Press (2014).

55. Dienes Z, Mclatchie N. Four reasons to prefer Bayesian analyses
over significance testing. Psycho Bull Rev. (2018) 25:207–18.
doi: 10.3758/s13423-017-1266-z

56. Soveri A, Lehtonen M, Karlsson LC, Lukasik K, Antfolk J, Laine M, et al.
Test-retest reliability of five frequently used executive tasks in healthy adults.
Appl Neuropsychol Adult. (2018) 25:155–65.

57. Cousineau D. Confidence intervals in within-subject designs: A simpler
solution to Loftus and masson’s method. Tutor Quant Meth Psychol. (2005)
1:42–5. doi: 10.20982/tqmp.01.1.p042

58. Barnett AG, Van Der Pols JC, Dobson AJ. Regression to the mean:
what it is and how to deal with it. Int J Epidemiol. (2005) 34:215–20.
doi: 10.1093/ije/dyh299

59. Liu X, Wang S, Chang S, Chen W, Si M. Effect of brief mindfulness
intervention on tolerance and distress of pain induced by cold-pressor task.
Stress Health. (2013) 29:199–204. doi: 10.1002/smi.2446

60. Reiner K, Granot M, Soffer E, Lipsitz JD. A brief mindfulness meditation
training increases pain threshold and accelerates modulation of response
to tonic pain in an experimental study. Pain Med. (2016) 17:628–35.
doi: 10.1111/pme.12883

61. Zeidan F, Adler-Neal AL, Wells RE, Stagnaro E, May LM,
Eisenach JC, et al. Mindfulness-meditation-based pain relief is not
mediated by endogenous opioids. J Neurosci. (2016) 36:3391–7.
doi: 10.1523/JNEUROSCI.4328-15.2016

62. Brewer JA, Davis JH, Goldstein J. Why is it so hard to pay attention, or is it?
Mindfulness. (2013) 4:75–80. doi: 10.1007/s12671-012-0164-8

63. Muraven M, Shmueli D, Burkley E. Conserving self-control strength. J Person
Soc Psychol. (2006) 91:524–37. doi: 10.1037/0022-3514.91.3.524

64. Tyler JM, Burns KC. Triggering conservation of the self ’s regulatory resources.
Basic Appl Soc Psychol. (2009) 31:255–66. doi: 10.1080/01973530903058490

65. Evans DR, Eisenlohr-Moul TA, Button DF, Baer RA, and Segerstrom SC.
Self-Regulatory deficits associated with unpracticed mindfulness strategies
for coping with acute pain. J Appl Soc Psychol. (2014) 44:23–30.
doi: 10.1111/jasp.12196

66. Dang J. An updated meta-analysis of the ego depletion effect. Psychol Res.
(2018) 82:645–51. doi: 10.1007/s00426-017-0862-x

67. Inzlicht M, Schmeichel BJ. What is ego depletion? Toward a mechanistic
revision of the resource model of self-control. Perspect Psychol Sci. (2012)
7:450–63. doi: 10.1177/1745691612454134

68. Britton WB. Can mindfulness be too much of a good thing? The
value of a middle way. Curr Opin Psychol. (2019) 28:159–65.
doi: 10.1016/j.copsyc.2018.12.011

69. Engert V, Kok BE, Papassotiriou I, Chrousos GP, Singer T. Specific reduction
in cortisol stress reactivity after social but not attention-based mental training.
Sci Adv. (2017) 3:e1700495. doi: 10.1126/sciadv.1700495

70. Crane RS. Mindfulness-based cognitive therapy. Routledge: Distinctive
features (2013).

71. Hayes SC, Lillis J. Acceptance and commitment therapy. Washington, DC:
American Psychological Association (2012).

72. Medoff ZM, Colloca L. Placebo analgesia: understanding the mechanisms.
Pain Manag. (2015) 5:89–96. doi: 10.2217/pmt.15.3

73. Peerdeman KJ, van Laarhoven AI, Keij SM, Vase L, Rovers MM, Peters
ML, et al. Relieving patients’ pain with expectation interventions: a
meta-analysis. Pain. (2016) 157:1179–91. doi: 10.1097/j.pain.00000000000
00540

74. Thompson T, Terhune DB, Oram C, Sharangparni J, Rouf R, Solmi M, et al.
The effectiveness of hypnosis for pain relief: a systematic review and meta-
analysis of 85 controlled experimental trials. Neurosci Biobehav Rev. (2019)
99:298–310. doi: 10.1016/j.neubiorev.2019.02.013

75. Lifshitz M, Raz A. Hypnosis and meditation: vehicles of attention and
suggestion. J Mind Body Reg. (2012) 2:3–11-13–11.

76. Yapko MD. Mindfulness and hypnosis: The Power of Suggestion to Transform

Experience. New York, NY: WWNorton & Company (2011).
77. Farb NA. Mind your expectations: exploring the roles of suggestion and

intention in mindfulness training. J Mind Body Reg. (2012) 2:27–42.
78. de Boer MR, Waterlander WE, Kuijper LD, Steenhuis IH, Twisk JW. Testing

for baseline differences in randomized controlled trials: an unhealthy research

Frontiers in Pain Research | www.frontiersin.org 13 June 2021 | Volume 2 | Article 673027

https://doi.org/10.1016/0304-3959(87)90065-0
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1016/j.erap.2011.02.001
https://doi.org/10.1037/a0017032
https://doi.org/10.1177/0013164402062004005
https://doi.org/10.1037/h0078881
https://doi.org/10.1037/h0087255
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.3402/ejpt.v4i0.19298
https://doi.org/10.1016/S0022-3999(02)00330-6
https://doi.org/10.1177/1740774510367916
https://doi.org/10.1007/s40122-017-0071-8
https://doi.org/10.1037/0003-066X.40.11.1189
https://doi.org/10.1016/S0304-3959(01)00296-2
https://doi.org/10.1038/nm.2229
https://doi.org/10.3389/fpsyg.2014.00781
https://doi.org/10.1037/a0015251
https://doi.org/10.1016/0304-3959(89)90126-7
https://doi.org/10.4103/0974-7788.76794
https://doi.org/10.1002/j.1532-2149.2012.00241.x
https://doi.org/10.3758/s13423-017-1266-z
https://doi.org/10.20982/tqmp.01.1.p042
https://doi.org/10.1093/ije/dyh299
https://doi.org/10.1002/smi.2446
https://doi.org/10.1111/pme.12883
https://doi.org/10.1523/JNEUROSCI.4328-15.2016
https://doi.org/10.1007/s12671-012-0164-8
https://doi.org/10.1037/0022-3514.91.3.524
https://doi.org/10.1080/01973530903058490
https://doi.org/10.1111/jasp.12196
https://doi.org/10.1007/s00426-017-0862-x
https://doi.org/10.1177/1745691612454134
https://doi.org/10.1016/j.copsyc.2018.12.011
https://doi.org/10.1126/sciadv.1700495
https://doi.org/10.2217/pmt.15.3
https://doi.org/10.1097/j.pain.0000000000000540
https://doi.org/10.1016/j.neubiorev.2019.02.013
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles


Gill et al. Mindfulness and Pain Interference

behavior that is hard to eradicate [journal article]. Int J Behav Nutr Phys Act.
(2015) 12:4. doi: 10.1186/s12966-015-0162-z

79. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux P,
et al. CONSORT 2010 explanation and elaboration: updated guidelines for
reporting parallel group randomised trials. Brit Med J. (2010) 340:c869.
doi: 10.1136/bmj.c869

80. Parsons CE, Crane C, Parsons LJ, Fjorback LO, Kuyken W. Home practice in
mindfulness-based cognitive therapy and mindfulness-based stress reduction:
a systematic review and meta-analysis of participants’ mindfulness practice
and its association with outcomes. Behav Res Ther. (2017) 95:29–41.
doi: 10.1016/j.brat.2017.05.004

81. Solhaug I, de Vibe M, Friborg O, Sørlie T, Tyssen R, Bjørndal A, et al. Long-
term mental health effects of mindfulness training: a 4-year follow-up study.
Mindfulness. (2019) 10:1661–72. doi: 10.1007/s12671-019-01100-2

82. Theadom A, Cropley M, Smith HE, Feigin VL, McPherson K. Mind and body
therapy for fibromyalgia. Cochrane Database System Rev. (2015) 9:CD001980.
doi: 10.1002/14651858.CD001980.pub3

83. Grant JA, Courtemanche J, Rainville P. A non-elaborative mental stance and
decoupling of executive and pain-related cortices predicts low pain sensitivity
in Zen meditators. Pain. (2011) 152:150–6. doi: 10.1016/j.pain.2010.10.006

84. Grant JA, Rainville P. Pain sensitivity and analgesic effects of mindful states
in Zen meditators: a cross-sectional study. Psychosom Med. (2009) 71:106–14.
doi: 10.1097/PSY.0b013e31818f52ee

85. Zeidan F, Baumgartner JN, Coghill RC. The neural mechanisms
of mindfulness-based pain relief: a functional magnetic resonance
imaging-based review and primer. Pain Rep. (2019) 4:e759.
doi: 10.1097/PR9.0000000000000759

86. Zorn J, Abdoun O, Bouet R, Lutz A. Mindfulness meditation is
related to sensory-affective uncoupling of pain in trained novice and
expert practitioners. Eur J Pain. (2020) 24:1301–13. doi: 10.1002/ej
p.1576

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling Editor declared a shared secondary affiliation, though no
collaboration, with two of the authors, VTab and MR.

Copyright © 2021 Gill, Tabry, Taylor, Lussier, Martinu, Bherer, Roy and Rainville.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Pain Research | www.frontiersin.org 14 June 2021 | Volume 2 | Article 673027

https://doi.org/10.1186/s12966-015-0162-z
https://doi.org/10.1136/bmj.c869
https://doi.org/10.1016/j.brat.2017.05.004
https://doi.org/10.1007/s12671-019-01100-2
https://doi.org/10.1002/14651858.CD001980.pub3
https://doi.org/10.1016/j.pain.2010.10.006
https://doi.org/10.1097/PSY.0b013e31818f52ee
https://doi.org/10.1097/PR9.0000000000000759
https://doi.org/10.1002/ejp.1576
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles

	Effects of Brief Mindfulness Interventions on the Interference Induced by Experimental Heat Pain on Cognition in Healthy Individuals
	Introduction
	Materials and Methods
	Study Design
	Participants and General Procedure
	Interventions
	Meditation Intervention
	Conceptual Intervention (Active Control)
	Control (No Intervention)

	Testing Procedures and Measures
	Pain Interference Assessment
	Sensory Calibration
	Two-Back Calibration
	Pain Interference Task

	Cold Pressor Test
	Neurocognitive Tasks
	Questionnaires
	A Priori Expectation of Improvement
	Pauses

	Statistical Analysis

	Results
	Sample Description
	Pain Interference (Primary Outcome)
	Sensory Calibration
	2-Back Calibration
	Pain Interference Task

	Cold Pressor (Secondary Outcome)
	A Priori Expectation of Improvement

	Discussion
	Meditation Training
	Conceptual Learning About Mindfulness
	Limitation and Implication for Future Research

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


