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Abstract
Objective:
The aim of the present research was to assess the relationship between the executive function

of inhibition and hypnotic and placebo analgesia.

Method:

In a fully within-subjects experiment, 54 participants performed the Cold Pressor Task under
three randomised conditions: 1) hypnotic analgesia; 2) placebo analgesia, and; 3) a control
condition. Pain threshold and pain tolerance were used as measures of pain perception in each
condition. Analgesia was calculated by subtracting the control conditions from the two
critical conditions (hypnosis and placebo). Following recent work indicating doubly-
dissociated forms of inhibition, participants also completed: 1) the Stroop task; 2) the

Hayling Sentence Completion Task (HSCT) and a matrix reasoning task, in a fixed order.

Results:

Analyses revealed both placebo analgesia (effect sizes rs8 > 0.4) and hypnotic analgesia
(effect sizes 1B > 0.7) suggestions were effective. The results also showed that HSCT
performance predicted the magnitude of placebo pain threshold (t(47) = 3.448, p <.001, BFo
= 16.4), but not hypnotic pain threshold (t(47) = 0.537, p > .5, BFy; = 3.483). The results for
placebo (t(47) = 3.126, p = .003) and hypnotic (t(47) = 0.295, p > .7) pain tolerance and
HSCT performance were insensitive (BF;9 >0.3<3). Neither the Stroop task nor matrix

reasoning scores predicted analgesic effects (ts<1.6, ps>0.1; BF;( <0.3).

Conclusion:



The results highlight the efficacy of suggestion on pain perception and show a relationship
between performance on the HSCT and the magnitude of the placebo effect. Limitations and

directions for future research are discussed.

Key words: Inhibition; Hypnosis; Placebo; Stroop; Hayling Sentence Completion.

Abbreviations: CPT = Cold Pressor Task; HSCT = Hayling Sentence Completion Task.



Introduction

There are overlapping neuroanatomical pathways in the pain and executive function systems,
providing the possibility for the two systems to interact (1-5). Such interactions go some way
to explaining why pain is a multidimensional experience and why it is dependent on a
number of factors that are independent of nociceptive input (6-11). The complexity of the
pain experience is reflected, not only in the multifaceted nature of executive functions, which
are generally considered to involve, but are not limited to, the processes of inhibition, shifting
and updating (12), but also in the influence of the socio-cultural context on pain perception

(e.g., 9; 13) as epitomised by analgesia effects observed under suggestion (14).

The importance of inhibition in pain perception

Emerging evidence suggests the importance of inhibition in shaping the perception of
pain (15-19). Shackman et al. (2011; 18) have shown that emotion, pain and executive
functions share overlapping brain structures, reflecting control processes that are common to
all three domains. Pain itself has been described as a control or learning signal (20) that
indicates when the body needs rest, or when cognitive control is needed to redistribute
resources and attentional focus in response to pain. Haberman et al. (2025; 20) give the
example of trying to focus on an important conversation whilst enduring stomach pain. Here
executive functions would be marshalled to attenuate the pain sensation. This represents an
internal form of pain control that employs executive resources, such as inhibition, to facilitate

goal-oriented behaviour.

It has been argued that there is more than one type of inhibition (21-24). Inhibitory
control is often dichotomised into response inhibition (also known as prepotent response
inhibition) and attentional inhibition (or cognition inhibition; 24-28). Response inhibition

refers to the revoking of a prepotent motor response and is often assessed by selective



stopping tasks using manual (button-press) tasks such as stop signal and go/no-go tasks,
oculomotor tasks such as the anti-saccade task (24) and, verbal tasks such as the Hayling
sentence completion task (29-31). Attentional inhibition has been defined as the stopping or
overriding of a mental process (27) or resistance to interference from irrelevant stimuli and is

assessed using tasks such as the Flanker task (24) and the Stroop task (32-33).

There is evidence that both response inhibition (16) and attentional inhibition (15;17)
are related to pain perception. Karsdorp et al. (2014; 16) reported that poorer response
inhibition (as measured by the stop-signal task) was associated with shorter Cold Pressor Test
(CPT) immersion durations. Oosterman et al (2016; 17) reported that poorer attention
inhibition (a larger Stroop interference score) was related to shorter CPT immersion
durations, and decreased pain intensity and unpleasantness ratings. Bjekic et al. (2018; 15)
showed that whilst Stroop interference was related to pain experience in the CPT,
performance on the stop-signal task was not. Thus, despite some contradictory findings, these
measures of response and attention inhibition are related to sensory perception of pain and its

control.

Recent research suggests that these two types of inhibition tasks might have relatively
well-circumscribed and distinct neural substrates (34-35). Cipolotti et al. (2016; 34)
systematically explored the relationship between inhibition, fluid intelligence and lesion
location in a neuroimaging study employing voxel-based lesion-symptom mapping. The
results from 30 frontal lobe patients of varying aetiologies showed that after accounting for
fluid intelligence (as measured by Cattel’s Culture Fair Intelligence test, a matrix reasoning
test), performance on the Hayling Sentence Completion Test (HSCT; 29), which requires
participants to finish a sentence with a word that is not related to the sentence’s meaning

(e.g., The captain wanted to stay with the sinking....lamp) significantly relied on the integrity



of the right Prefrontal Cortex (PFC), specifically the superior and middle frontal gyri. In
contrast, performance on the Stroop test (32), which requires participants to name the colour
of the ink in which a word is presented (e.g., the word red is written in blue ink) relied on the
integrity of the superior and middle frontal gyri of the left PFC. The authors noted that these
findings are consistent with other findings in the literature (e.g., 21; 22; 36-37). The authors
argued that the two measures of inhibition are therefore dissociable components of the
executive function of inhibition, supporting Kok’s (1999; 23) conclusion that there are
multiple forms of inhibition. Here we employ the Hayling Sentence Completion task (29) as a
measure of response inhibition, and the Stroop task as a measure of attention inhibition (32-

33; 38-40).

Reduction in pain perception under suggestion

Suggestion has been defined as a form of communicable ideation or belief, that once
accepted has the capacity to exert profound changes on a person’s mood, thoughts,
perceptions and behaviors (14). Hypnosis and placebo both involve suggestion (14; 41-42).
Within pain studies, research has shown that the placebo phenomenon is powerful enough to
cause the release of endogenous opiates (the body’s natural painkillers) so that participants
report lessor pain scores after being given a placebo to reduce pain (this pain reduction is
called placebo analgesia; 43). Like placebo, hypnotic suggestion has also been found to be
effective as an analgesic (hypnotic analgesia) which has led to comparisons being drawn
between the two phenomena, with hypnosis being described as placebo without deception
(44-47), indicating that they are both potentially underpinned by the same executive control

mechanisms.

There are indications in the literature however that the two forms of suggestion do not

rely on the same executive control functions of the prefrontal cortex (42; 48) and that they do



not correlate (49-50). For example, repetitive Transcranial Magnetic Stimulation (rTMS) of
the dorso-lateral prefrontal cortex (PFC) reduces placebo analgesia effects (51), but increases
hypnotic suggestibility (52-53). Benedetti (2009; 54) has argued that without a PFC, there are
no placebo effects. Support for this position comes from numerous sources (51; 55-58). In
contrast, the relationship between hypnotic responding and frontal executive functions is a lot
less clear (59-60). This indicates that hypnotic and placebo responding might be underpinned

by different executive functions.

The aim of the present study was to investigate whether distinct and recently doubly
dissociated inhibitory mechanisms (34) as measured by the Hayling Sentence Completion
task (29), and the Stroop task (32-33; 38-40) are related to pain perception under hypnotic
and placebo suggestion. Following Cipolotti and colleagues (2016; 34), a measure of fluid
intelligence was included in our analysis as a measure of general cognitive ability. We used
the Cold Pressor Task (CPT) to induce experimental pain (61). In a fully within-subjects
design, participants completed the CPT under three counterbalanced conditions: 1) Placebo
analgesia; 2) Hypnotic analgesia; 3) a control condition. They also completed three cognitive
tasks: 1) the Hayling Sentence Completion Task; 2) the Stroop task and; 3) Following
Cipoltti et al. (2016; 34) a matrix reasoning task was included as a measure of fluid
intelligence and general frontal lobe functioning (62). As has been noted above, Stroop task
performance has been shown to have a potentially unique relationship to pain perception (at
least in the context of Cold Pressor pain; 15; 17) among executive function tasks, indicating
that pain can be actively controlled by mechanisms of cognitive/attention inhibition. It was
therefore expected that pain perception following hypnotic and/or placebo analgesia
suggestions would be related to Stroop task performance. The Hayling Sentence Completion
task has previously been investigated in terms of its association with the experience of pain in

those with chronic pain (63-64) but as far as we are aware has not been investigated



experimentally in its relationship to pain. However, its double dissociation from the Stroop
task, potentially based on its right-sided hemispheric underpinning (compared to the Stroop
which is left-sided; 34; 36), makes it a good candidate for a clearly dissociated form of
inhibition, and one which has previously been predicted to be associated with pain due to its

potential relevance to the descending pain modulatory system (63-64).

Method

Design

This study employed a correlational, fully within-subjects design in which performance on the
three cognitive tasks were regressed on our four dependent variables. The four dependant
variables (DVs) were: 1) Hypnotic Analgesia for Pain-Threshold (Pain Threshold following
Hypnotic Analgesia — Pain Threshold following Control); 2) Hypnotic Analgesia for Pain-
Tolerance (Pain Tolerance following Hypnotic Analgesia — Pain Tolerance following Control);
3) Placebo Analgesia for Pain-Threshold (Pain Threshold following Placebo Analgesia — Pain
Threshold following Control), and; 4) Placebo Analgesia for Pain-Tolerance (Pain Tolerance

following Placebo Analgesia — Pain Tolerance following Control).

Participants

G*Power was used to calculate sample size for linear multiple regression with 4 predictors
assuming a medium effect size (f=0.25) where power = 0.8. This returned a required sample
size of 53 participants. However, sensitivity of all tests was assessed using both frequentist and
Bayesian statistical approaches. Participants were recruited from either Bournemouth
University’s Experiment Participation Scheme, or via advertisements placed on the university
campus. Participants on Bournemouth University’s Experiment Participation Scheme were

given 2 credits (at the standard rate of 1 credit per hour). Other participants were paid £16 for



their time at the standard rate of £8 per hour. Exclusion criteria included those suffering with
a heart condition, or any persons taking pain medication for pain conditions (e.g. amitriptyline),
as the medication prescribed for both these conditions may have affected pain tolerance levels
on the CPT (65-66). Also excluded were those who had suffered a stroke, those suffering with
schizophrenia, bi-polar disorder or epilepsy, those taking anti-psychotic and/or anti-
depressants and/or anxiety medication.

Of the 54 participants recruited, 6 participants either withdrew or did not fully complete
one or more of the executive function tests. The remaining 48 (22 males) participants were
aged between 18-48 years (M= 21.8, SD = 5.6). Participants were also told to abstain from
alcohol for 24 hours prior to testing, as well as excluding smoking, drinking coffee/ caffeinated
sports drinks and food for 2 hours prior to testing, as these may all have affected executive
function’ performance (e.g., 65-66). Participants who had participated in research using the
CPT before were also excluded, due to prior experience negatively effecting novel placebo-

expectation pain reduction (65).

Materials

Cold Pressor Test (CPT) apparatus:

The cold pressor (CP) consisted of a Coleman 36 QT Cooler, containing ice-cold water that
contained a large circular bowel that had a circumference large enough for a hand to be rested
in, with fingers spread. The bowl was also used to keep the netting and ice pushed towards the
inner sides of the CP, thus stopping the ice from touching the participants hand whilst it was
immersed in the water. The temperature of the water was maintained at 2 degrees Celsius (C)
and did not fluctuate by more than 0.5 degrees C, as small changes could result in pain response
variations (67). Additionally, a circulatory water pump by Fluval SEA CP1 (Circulation Pump

1000LPH) was used to prevent a microclimate of warm water building up around the hand



(61). The ice-water level inside the CP was high enough for the hand and wrist to be fully
immersed (61).

In the present experiment, two time-points were recorded (in seconds) from when the
hand is immersed: 1) Pain-threshold — The participant reports the initial onset of cold pain
discomfort (timed from when the hand is initially immersed in the water) and; 2) Pain-tolerance
- The time the hand is withdrawn from the water due to intolerance to the pain (timed from
when the hand is initially immersed in the water). Following previous studies the maximum
time permitted for hand immersion was 180s (61).

In all conditions, in between hand immersions the participants’ lower wrist, arm and
hand were rested comfortably on an ABLE2 UK LTD cushioned lap rest, covered with a hand-

towel and a large sheet of kitchen towel (which was changed each time a cream was applied).

Blood Pressure and Heart rate monitor
Blood pressure (BP; systolic and diastolic) and heart rate (HR) were measured using an Omron
M2 Basic Intelli Sense Automatic upper arm blood pressure monitor, as a health and safety

check.

Thermometer

Hand temperature was measured using an Acxeon Non-Contact Infrared Forehead-body
Thermometer, Digital Laser, Temperature Measurement Gun was used to take temperature
reading of the participant’s hands (68). A standard size hot water bottle was also used after
each immersion; wrapped in a soft, small blanket that participants could slip their hand/s inside
to warm up in order to prevent a cumulative cooling effect on the hands, due to repeated

immersions (67).
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Fluid Intelligence measure

The Matrix Reasoning (MR) Test from the Wechsler Abbreviated Scale of Intelligence 11
(WASI) was used as a measure of fluid intelligence (62). This was a timed test, with 45 seconds
being allowed for each item on the test. Each correct answer scored one mark. The manual
stated that testing should be discontinued when the participant has made three consecutive

incorrect answers. The DV was participants’ raw Matrix score.

The Stroop Task (Stroop, 1935)

Following (34) the present study used the Golden and Freshwater (2002; 69) paper version of
the Stroop task, which consisted of three A4 pages: 1) Contained five columns of 20 the words
‘RED’, ‘GREEN’ and ‘BLUE’ printed in black ink (Word Score); 2) Contained five columns
of 20 coloured crosses ‘XXXX’ randomly printed in red, green and blue ink (Colour Score);
3) Contained five columns of 20 coloured words, ‘RED’, ‘GREEN’ and ‘BLUE’, written
randomly in colours incongruent with the words e.g. the word ‘GREEN’ written in blue ink
(Colour-word Score). For each page (condition) participants had 45 seconds to name aloud the
colour of as many items as possible. If the participant had finished the page before the 45
seconds were up they could go back to the beginning of the page and continue saying colours
aloud until the time was up. If any items were responded to incorrectly the researcher would
say “No”, and the participant had to attempt it again before moving on. The researcher marked
each correct answer. Following Cipolloti et al. (2016; 34) we used only the number of correct
responses from the conflict page (page 3) produced in the 45 second limit as our measure of

Stroop task performance.

The Hayling Sentence Completion Task (29)
This test is thought to assess response inhibition/suppression along with strategy generation.

Part 1 requires participants to complete 15 sentences using words that are related to the sentence

11



topic, for example ‘Bournemouth can be a very busy...’ could be completed by saying the word
‘town’. Part 2 required participants to complete 15 sentences using words that were unrelated
to the sentence topic, for example ‘Bournemouth can be a very busy...” could be completed by
saying the word...’apple’ instead of the appropriate word ‘town’. After the researcher read a
sentence, the participant had to say the missing word as quickly as possible. The researcher
made a note of each answer and the time taken. Individuals with frontal-lobe damage may
produce suppression errors, and answer with the appropriate word ‘town’, instead of ‘apple’ in
Part 2 and often they may have longer response times, consequently reducing their scores.
Any error made in Part 2 (category A errors = 3 points and category B errors = 1 point)
were calculated and transformed into a scaled score. Part 1 and Part 2 scores can then be
calculated and converted to an overall Hayling scaled score (see manual). However, Cipolotti
et al. (2016; 34) treated the error and RT scores as independent measures but showed similar
effects with both. Following Cipolotti et al. (2016; 34) and to reduce the number of predictors,

only the scaled Hayling Suppression Error score was used as a predictor in the present study.

Hypnotic suggestibility screening procedure

The Stanford Hypnotic Susceptibility Scale — Form C (SHSS: C; 70) was used to assess
hypnotic suggestibility. Due to the length of testing time, items 6 (DREAM) and 7 (AGE
REGRESSION) were omitted. Therefore, in this study, a participant could score between 0

(low hypnotic suggestibility) and 11 (high hypnotic suggestibility).

Procedure
Upon arrival, participants were greeted by two researchers and were asked to read the
information sheet about the study and asked if they had any questions about the research.

Participants completed a participant details form, also asking them to report which was their

12



dominant hand and to confirm that they met the inclusion criteria. Participants were then asked
to read and complete the consent form. Participants then undertook the executive function tasks
in the following order: WASI Block Design; the Hayling Task; the WASI Matrix Reasoning;
the Stroop Task.

A different researcher then took the participant through the CPT immediately after the
completion of the executive function tasks. A Coleman 36 QT Cooler-box was placed on a
large, high-backed chair, where the height was appropriate for the CPT for each participant.
This also meant that the box could be moved safely to the left or right side of the participant’s
seated position, ready for their left/right hand to be immersed. Before beginning the CPT, any
necessary adjustments to the water temperature were made to ensure it was at 2 degrees Celsius
(C). The participant was then invited to sit down. BP, HR and hand temperature were recorded
for a baseline reading. Participants were then instructed by the researcher about the two time-
points following immersion (threshold and tolerance) that needed to be recorded by the
researcher. Participants were told that the maximum amount of time they could keep their hand
in the water for each immersion was 180 seconds, and that they would undertake three,
alternating hand immersions in total (one immersion for each of the three conditions).
Participants were also instructed on how to place their hand in the bowl, with their fingers
spread. The researcher then asked the participant to repeat back the instructions to fully check
understanding.

Participants were randomly allocated to one of 6 counterbalanced order conditions in
terms of the order in which they completed the CPT conditions (e.g., placebo analgesia-control-
hypnotic analgesia / placebo analgesia-hypnotic analgesia-control). The hand (e.g., left hand)
participants used for their first CPT condition was counterbalanced between participants, and
subsequently alternated in the remaining CPT conditions (e.g., right hand for the second CPT

condition and then left hand for the final CPT condition) to deter a practice effect, and the
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build-up of coldness on a single hand (61), given that the CPT was used 3 times during the
experiment (placebo analgesic condition, hypnotic analgesia condition and control condition).
Participants were tested individually for both the executive functions tests and the CPT.

The researcher applied the hand-cream to the participant’s hand (either left or right
depending on hand counterbalancing), with the relevant information depending on the
condition (see below). Each immersion was timed for pain-threshold and pain-tolerance
measures, whilst checking and recording the participant’s BP and HR. When the participant
withdrew their hand at the pain-tolerance point, the researcher wrapped their hand in kitchen
towel to dry off the ice-water. The participant was then asked to squeeze their hands tightly
into a fist, and then rub their hands together to warm their hands naturally for one minute.
Participants’ hands were then warmed on a hot-water bottle for two minutes (one minute on
each side of the hand) or more if needed until hand temperature had returned to baseline.

In the hypnotic analgesia condition participants underwent a hypnotic induction (taken
from the Stanford Hypnotic Susceptibility Scale) after which the participants were given the
hypnotic suggestion for painlessness and underwent the hypnotic analgesia condition of the
CPT. They were then de-inducted from hypnosis.

Once all three CPT conditions were completed participants were taken through the
Stanford Hypnotic Susceptibility Scale to assess hypnotic suggestibility. Once this was
complete the participants were thanked for their time and were debriefed about the nature of

the placebo condition.

Condition-specific procedures

Control Condition
The hand cream used in the control condition was an E45 cream with no additional odour or

colouring, and was dispensed via a white pump-dispenser labelled ‘Soft Clean Lotion and Hand
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Cleanser’. The researcher covered the nails and in between the fingers with the cream,

expressing that “I don’t want to miss the nails and in between the fingers”.

Placebo Analgesia Condition

It was important that the placebo analgesia “medical” cream differed from the “hand-cream”
used in the other two conditions. The placebo hand-cream was in a white pump-dispenser
labelled ‘Travaricane: Approved for research purposes only’ (71) and contained 75% E45 and
25% Conotrane Soothing Cream (to modify the texture of the cream) mixed with roughly Sml
of Thyme Oil (ThymusVulgaris) by Health Aid, for a medicinal smell (again following 71),
and 2ml of Dr. Oetker (vegan) red food colouring, which when combined with the Conotrane
Cream turned pale-pink in colour. The cream was pumped on to the participant’s hand and
massaged in by the 2" researcher, who was wearing disposable gloves and a white lab coat.
The participant was told by the 2™ researcher that “Travaricane is a very powerful analgesic
cream, it has just a light clinical smell and is used by surgeons and GP’s for stitches and
injections, on the sensitive areas of the face. It is also especially useful, for example, on
footballers and rugby player’s during bodily injury, as it only takes 30 seconds to start
working”. The researcher covered the nails and in between the fingers with cream, expressing
that “I don’t want to miss the nails and in between the fingers as they are also sensitive to the

cold”.

Hypnotic Analgesia Condition

The ‘Soft Clean Lotion and Hand Cleanser’ was applied to the participants’ hands prior to
immersing their hand in the ice-cold water (it was identical to that used in the Control
condition). During preparation, the participants were told that “hypnosis is a very powerful

tool and is now used on Cancer patients to reduce pain. It is also used by dentists in dentistry,
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instead of anaesthesia, and in operations by surgeons, again instead of anaesthesia”. Prior to
immersing their hands, the participants were induced into hypnosis and given the following
suggestion: “the hand is insensitive to pain and no pain sensation will originate from it.”
Participants were told that the hypnotic induction and script for the hypnotic analgesia CPT
were taken from an “Oxford University Short Induction Script” to ensure the mainly UK
participants recognised the provenance of the induction technique as important. However, the
induction was adapted from The Stanford Hypnotic Susceptibility Scale — Form C (SHSS: C;
70) and the hypnotic suggestion was adapted from Casiglia et al.’s (2007; 72) study. The
researcher covered the nails and in between the fingers with the cream, expressing that “I don’t

want to miss the nails and in between the fingers”.

Timeframe

The data for this project were collected between January 2017 and July 2019.

Ethics
This research was approved by the Institutional Review Board (Bournemouth University’s
Science and Technology Research Ethics Panel; Ethics ID: 14034) and informed consent was

obtained from participants.

Results

The data were first analysed for evidence of hypnotic and placebo analgesia in the pain
threshold and pain tolerance times. Hypnotic analgesia was calculated as the difference (in
seconds) between the hypnotic analgesia suggestion condition and the control condition.
Likewise, placebo analgesia was calculated as the difference (in seconds) between the

placebo analgesia suggestion condition and the control condition. The Shapiro-Wilk test
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revealed that these measures of performance were not normally distributed (all ps<.001) and
we therefore analysed hypnotic and placebo analgesia effects with the Wilcoxon sign-ranked
test. See Table 1 for median pain threshold and pain tolerance times in each condition and

Figure 1 for box plots of the data in each condition.

Table 1. Medians, Means, Standard Deviations, and Standard Errors for pain threshold and

pain tolerance (in seconds) in each condition.

N Mean SD SE Median
Placebo Threshold 48 13.1 11.4 1.6 9.5
Control Threshold 48 10.1 13.2 1.9 5.5
Hypnosis Threshold 48 61.5 65.6 9.5 32
Placebo Tolerance 48 77.4 59.2 8.5 46.5
Control Tolerance 48 70.4 63.9 9.2 38
Hypnosis Tolerance 48 107.9 67.5 9.7 90.5

For pain threshold, the effects of both hypnotic analgesia (Median =19, W = 5.709, p <.001,
B = 0.957, BF10 = 43818) and placebo analgesia (Median = 2.5, W =4.136, p <.001, r8 =
0.724, BF10 = 143) were shown to be significant. Hypnotic analgesia was larger than placebo
analgesia in the present study and indeed many of the participants did not report the onset of
pain for the full 3 minutes following the hypnotic suggestion for pain desensitisation (see

Figure 1 for box plots for each condition).

For pain tolerance, the effects of both hypnotic analgesia (Median = 8.5, W =4.633, p <.001,
B = 0.862, BF10 = 9445) and placebo analgesia (Median = 2.5, W =2.414, p = .008, 18 =

0.444, BF10 = 2.89) were also shown to be significant, albeit where the Bayes Factor for the
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latter provided only anecdotal evidence in favour of H1 (see Figure 1 for box plots for each

condition).

According to the levels of evidence describe by Jeffreys (1961; 73) and Lee and
Wagenmakers (2013; 74), our data provides extreme evidence for hypnotic and placebo
analgesic effects on pain threshold and for hypnotic analgesic effects on pain tolerance, but

only anecdotal evidence for an effect of placebo analgesia on pain tolerance.

Correlation between Hypnotic and Placebo analgesia

One aim of the present study was to determine whether the magnitudes of hypnotic and
placebo analgesia, both involving suggestion, were correlated. Spearman’s Rho analysis
revealed that they were not related in our data for pain threshold scores (r = 0.015, p = 0.919)
with moderate Bayesian evidence for the null (BFy; = 4.614) but they were for pain tolerance
(r=10.487, p <0.001) with strong Bayesian evidence for the alternative hypothesis (BF ;o =

36.024).

Multiple Regressions

Given the evidence above, we next ran a series of multiple regressions to investigate whether
any of the executive function tests predicted the magnitude of the analgesic effects observed
in the experiment. See Table 2 for the descriptive statistics for each of the tests and see
Figure 1 for the plotted raw times (in seconds) in each condition). In all multiple regressions
the predictors were inputted using the Enter method. Frequentist analysis were supplemented

with Bayesian equivalents.
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Table 2. Descriptive Statistics for the executive function tests.

Std. Std
Valid Mean Error e . Minimum Maximum
Deviation
of Mean

Stroop Incongruent stimuli 48 50.5 1.2 8.4 36 76
Hayling Suppression 48 6.7 0.2 11 3 3
errors (scaled)
Stanford Hypnotic
Susceptibility Scale score 48 4.8 0.3 2.1 2 0
Matrix Reasoning 48 19.7 0.5 3.5 9 25

Placebo analgesia for pain threshold

The Durbin-Watson checks for correlations between residuals was between 1 and 3 as
required. A residuals plot and standardised residuals (Q-Q) plot revealed that the assumptions
of homoscedasticity, normality and linearity were not violated. Tolerance (all >0.8<1) and
VIF (>1<1.3) values were also within acceptable ranges. The model was significant where
F(4, 43) = 3.340, p = 0.018, R?= 0.237. The adjusted R? revealed that the predictor variables
predicted 16.6% of the variance. Whilst the overall model was significant, only the Hayling
Suppression Scaled Error score was a significant predictor of placebo analgesia, t(47) =
3.448, p <.001, unstandardized beta = -2.955 where the regression equation is: Placebo
analgesia = 19.529 - (2.955*Hayling Suppression Error Score).

The outcome of this frequentist analysis was supported by a Bayesian multiple
regression analysis. A Bayesian multiple regression was carried out using all four predictors
as predictors of placebo analgesia. An uninformed uniform prior [P(M)] of 0.125 was set for
each of the 16 possible models. Whilst there was moderate evidence for multiple models
(BF0 >3<7) and strong evidence for the model including just Stanford Hypnotic
Susceptibility Scale score + Hayling Suppression Errors (Scaled; BF o = 12.6), the strongest
evidence was for a regression model including only Hayling Suppression Error Score (BF ;¢ =
16.4) when compared to the null model. Importantly, the BFnciusion values were less than 0.8

for all predictors other than Hayling Suppression Errors (Scaled; BFnctusion = 21.9).
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The above results indicate that the higher the Hayling error score, the lower the
magnitude of the placebo analgesia effect indicating that pain reduction following placebo

analgesia is related to a person’s capacity to inhibit the correct sentence completion word.

Hypnotic analgesia for pain threshold

The Durbin-Watson checks for correlations between residuals was between 1 and 3 as
required. A residuals plot and standardised residuals (Q-Q) plot revealed that the assumptions
of homoscedasticity, normality and linearity were not violated. Tolerance (all >0.8<1) and
VIF (>1<1.3) values were also within acceptable ranges. The model was not significant
where F(4, 43) = 2.009, p = 0.11, R?= 0.157. The adjusted R?revealed that the predictor
variables predicted 15.7% of the variance. Whilst the overall model was not significant, the
Stanford Hypnotic Susceptibility Scale score was a significant predictor of hypnotic
analgesia, t(47) = 2.127, p < .05, unstandardized beta = 9.606.

Despite the significant result above, the outcome of the frequentist analysis for
Stanford Hypnotic Susceptibility Scale score was not supported by a Bayesian multiple
regression analysis. An uninformed uniform prior [P(M)] of 0.125 was set for each of the
possible models and for none of the models was BF ;o >3. For Stanford Hypnotic
Susceptibility Scale score BF ;o = 1.489, which is insensitive. In contrast, for four of the
models there was moderate evidence for the null hypothesis (BFy; >3<6). All of these models
included the Hayling Suppression Errors (Scaled) and indeed included the model with just
that predictor where BF(; = 3.483. The strongest evidence for the null was for the regression
model with Stroop Incongruent + Hayling Suppression Error Score (BFy; = 5.522).

The above results indicate that in contrast to placebo analgesia, hypnotic analgesia is

not predicted by Hayling Suppression Errors (Scaled). There was also some evidence that
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hypnotic suggestibility predicted hypnotic analgesia in the frequentist analysis of the data

(p<.05), but this was not supported by the Bayesian analysis of the data.

Placebo analgesia for pain tolerance

The Durbin-Watson checks for correlations between residuals was between 1 and 3 as
required. A residuals plot and standardised residuals (Q-Q) plot revealed that the assumptions
of homoscedasticity, normality and linearity were not violated. Tolerance (all >0.8<1) and
VIF (>1<1.3) values were also within acceptable ranges. The model was significant where
F(4, 43) = 2.669, p = 0.045, R?= 0.199. The adjusted R? revealed that the predictor variables
predict 12.4% of the variance. Whilst the overall model was significant, only the Hayling
Suppression Scaled Error score was a significant predictor of placebo analgesia, t(47) =
3.126, p = .003, unstandardized beta = -25.356 where the regression equation is: Placebo
analgesia = 154.963 - (25.356 *Hayling Suppression Error (Scaled)).

Despite the significant result above, this outcome of the frequentist analysis was not
supported by a Bayesian multiple regression analysis. An uninformed uniform prior [P(M)]
of 0.125 was set for each of the possible models and for none of the models was BF, >3. For
the model that included only Hayling Suppression Errors (Scaled) BF o = 0.999, which is
anecdotal. Evidence for the null hypothesis (BFy; >3<9) was obtained for eight of the
models, six of which included Stanford Hypnotic Susceptibility Scale score and five of which
included Matrix Reasoning. The models including just the Stanford Hypnotic Susceptibility
Scale score or Matrix Reasoning also had BF,; >3<4.

The above analysis therefore provides some weak evidence in favour of the notion
that Hayling Suppression Errors (Scaled) predicts the magnitude of the effect of placebo

analgesia on pain tolerance but this was not supported by Bayes Factors. Moderate evidence

21



was also provided for no relationship between placebo tolerance and hypnotic suggestibility

or matrix reasoning.

Hypnotic analgesia for pain tolerance

The Durbin-Watson checks for correlations between residuals was between 1 and 3 as
required. A residuals plot and standardised residuals (Q-Q) plot revealed that the assumptions
of homoscedasticity, normality and linearity were not violated. Tolerance (all >0.8<1) and
VIF (>1<1.3) values were also within acceptable ranges. The model was not significant
where F(4, 43) = 0.623, p = 0.623, R?>= 0.055. The adjusted R?revealed that the predictor
variables predicted 3.3% of the variance. Furthermore, none of the individual predictors were
significant predictors of hypnotic analgesia for tolerance (ps>.2).

The outcome of the frequentist analysis was supported by a Bayesian multiple
regression analysis. An uninformed uniform prior [P(M)] of 0.125 was set for each of the
possible models and for none of the models was BF ¢ >0.5. Evidence for the null hypothesis
(BF¢; >3) was obtained for thirteen of the fifteen models. Furthermore, for two of the models,
strong evidence for the null was provided (BF(; >10). Specifically, for the model Stanford
Hypnotic Susceptibility Scale score + Stroop Incongruent + Hayling Suppression Errors
(Scaled) + Matrix Reasoning BFy; = 13.682, and for the model Stroop Incongruent + Hayling
Suppression Errors (Scaled) + Matrix Reasoning, BFy; = 12.425. For Stanford Hypnotic
Susceptibility Scale score, the predictor with the closest p-value to statistical significance,
BFy; was inconclusive (2.540), but favoured the null.

The above analysis therefore provided strong evidence for no relationship between the
chosen measures of executive function and the effect of hypnotic analgesia on pain tolerance.
Again, however, the fact that many participants maxed out their submersion times is possibly

responsible for this null relationship.
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Further analyses

As noted in the introduction, our study was also aimed at testing whether hypnotic
suggestibility is related to executive functions and 1Q. We therefore ran further multiple
regression analyses with the executive function tests as the predictors and hypnotic
suggestibility as the dependent variable. The Durbin-Watson checks for correlations between
residuals was between 1 and 3 as required. A residuals plot and standardised residuals (Q-Q)
plot revealed that the assumptions of homoscedasticity, normality and linearity were not
violated. Tolerance (all >0.8<1) and VIF (>1<1.019) values were also within acceptable
ranges. The model was not significant where F(3, 44) = 1.862, p = 0.150, R>=0.113. The
adjusted R? revealed that the predictor variables predicted 5.2% of the variance. However,
one of the individual predictors (Hayling Suppression Errors (Scaled)) was a significant
predictor of hypnotic suggestibility.

The outcome of the frequentist analysis was, in the most part, supported by a
Bayesian multiple regression analysis. An uninformed uniform prior [P(M)] of 0.125 was set
for each of the possible models and for none of the models was BF o >3. However, Hayling
Suppression Errors (Scaled) yielded a BF ;¢ = 2.467, which whilst anecdotal, favours the
alternative hypothesis providing weak support for the frequentist analysis of the same data.
Moderate evidence for the null hypothesis (BF(; >3<10) was obtained for three of the seven
models (Stroop Incongruent, Matrix Reasoning, and Stroop Incongruent + Matrix
Reasoning). For one of the models (Stroop Incongruent + Hayling Suppression Errors
(Scaled) + Matrix Reasoning, BFy; = 2.368 which is anecdotal but favours the null.

This analysis provided weak evidence for a relationship between hypnotic

suggestibility and Hayling task performance and moderate evidence for the null hypothesis
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for the relationship Matrix Reasoning and hypnotic suggestibility, and Stroop task

performance and hypnotic suggestibility.

Discussion

The aim of the present research was to explore executive control functions that underpin pain
perception following suggestions for hypnotic and placebo analgesia. In a fully within-
subjects design participants completed the Cold Pressor Task (CPT) under three
counterbalanced conditions: 1) Placebo analgesia; 2) Hypnotic analgesia; 3) a control
condition. They also completed three cognitive tasks: 1) the Hayling Sentence Completion

Task; 2) the Stroop task and; 3) a matrix reasoning task.

Analysis first established that the suggestions for both forms of analgesia during the
CPT were successful. The placebo analgesia effects sizes were comparable to those observed
in previous studies where 18 = ~0.4 - ~0.7 (75-78). Notably, the effect of hypnotic analgesia
was larger (r8’s = 0.86 and 0.96) than that of placebo analgesia in the present study (see also
79), indicating superior pain perception following hypnotic analgesia. However, it was not
our intention to directly compare the magnitude of hypnotic and placebo analgesia given the
placebo effect itself varies depending on its mode of delivery (e.g., 80). The effect sizes of
both analgesic effects were larger than those using different manipulations to increase pain
threshold, such as an attention training technique (81), and the normalising effects of
methylphenidate on ADHD participants on the CPT (82). Additionally, the CBT-based
acceptance approaches to pain control during the CPT have been shown to be much less
effective (83) or not affective at all (84) on pain threshold and tolerance. Therefore, these

effects are indicative of the potent effects that suggestion can have on pain perception.
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Multiple regression analyses showed that HSCT performance predicted the magnitude
of placebo analgesia for pain threshold but not pain tolerance and that neither the Stroop task
nor matrix reasoning scores predicted CPT performance, where evidence for the null is
provided by Bayes Factors. Furthermore, the results show that whilst hypnotic and placebo
analgesic effects did not correlate for pain threshold, they did for pain tolerance. Finally,
consistent with the literature, some evidence is provided that hypnotic suggestibility

correlated with hypnotic analgesia and HSCT performance.

Given that inhibition is likely a heterogenous mechanism (21-23) we selected two
inhibition tasks thought to have distinct neural mechanisms and for which there is evidence
of their assessing different forms of inhibition. The Stroop task is thought to measure
attention (or cognitive) inhibition (33), and has been shown to have a potentially unique
relationship to pain perception (15; 17). The Hayling task has been used as a measure of
response inhibition (30-31) and has previously been investigated in terms of its relationship
to chronic pain (63-64). Of the inhibition tests we employed, only the HSCT significantly
predicted the pain experience; specifically the onset of pain (and somewhat for pain
tolerance) in the placebo condition. The poorer the performance on the HSCT, the smaller the
placebo analgesia effect. This outcome supports the notion that inhibition plays a role in the
perception of pain (15-17; 19; 85) and supports the importance of PFC functions to placebo
effects (54). Pain reduction following placebo analgesia is related to a person’s ability to
inhibit the correct, automatically derived word in the sentence completion task.

It is important to reiterate that we did not employ the selected inhibition tasks because
of their neural substrates but based on evidence of their independence. Nevertheless, given
that the HSCT is associated with right PFC inhibitory mechanisms (34; 37; 86) it is worth
noting that whilst there is some evidence that pain processing has a right PFC bias (87-89);

the evidence much more strongly implicates bilateral PFC involvement in pain processing
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(88). Equally, whilst there is evidence that placebo analgesia has a right sided PFC bias (90-
92) the weight of the evidence favours bilateral PFC involvement (51; 93). It is therefore
unlikely that it is the right PFC-mediated nature of the HSCT that is the reason for its
predictive utility in the present context. It is therefore likely that its role as a measure of
response inhibition is more important than its hemispheric underpinning.

The HSCT involves generating words to complete a sentence. Sometimes ‘that” word
is required to fit with the sentence (Part 1) and sometimes ‘that’ word is required to not be a
logical fit to the preceding sentence (Part 2). Both parts likely involve inhibiting incorrect
(Part 1) or contextually correct (Part 2) predicted responses with a stronger requirement for
inhibition in the latter. The Stroop task can be considered a conflict task in which the
irrelevant and relevant dimensions are often presented simultaneously or in close temporal
proximity, and therefore for which there is no need for prediction, and the irrelevant
dimension is to be ignored (23; 40). The Stroop task involves two visual input channels and
attention must be focussed on just one of them (e.g., the colour) and the other channel must
be inhibited, making it an attention inhibition task (33). Cipolotti et al. (2016; 34) stated that
both the HSCT and the Stroop task involve suppressing a dominant response, but the Stroop
task is likely a response inhibition task (40). Indeed Roelofs (33) has shown that the Stroop
task is better understood as being an attention / cognitive inhibition task. The two tasks also
differ in the involvement of other complex processes such as goal maintenance in the face of
a visually presented distraction in the case of the Stroop task, and strategy utilisation in the
Hayling test (e.g., successfully choosing a word that does not fit a sentence could be achieved
by focussing on objects around the room). Ultimately, it is unclear why the HSCT predicts
placebo analgesia whereas the Stroop task does not This is especially true given that previous
research has shown Stroop task performance to be related to pain perception (although the

findings so far are mixed with evidence that more Stroop interference is associated with both
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more (85) and less (15) pain — see also section below on limitations of the Stroop task
employed here). However, most if not all of these tasks are underpinned by neural regions in
the descending pain modulatory system (63) and are tapping functions shared by pain,
emotion and executive functions (18). Further research is therefore needed to explore the
relationship of other inhibition tasks to the analgesic effects of placebo and hypnosis
interventions (and their varieties) and to better understand the predictive utility of the HSCT
in pain perception. One potential avenue to be explored is that higher-level processing might
overlap for language prediction and pain prediction; inhibition of predicted pain and
inhibition of a predicted word might rely on the same mechanism.

The present results also showed that neither the Stroop task nor the HSCT predict
hypnotic analgesia. As noted above, the relationship between hypnotic responses and the PFC
is mixed and it could thus be that hypnotic analgesia operates over different mechanisms than
the PFC-mediated placebo analgesia. It is an ongoing debate as to whether hypnotic and
placebo responses are related (e.g., 94). Despite the finding that HSCT did not predict
hypnotic analgesia, we did observe evidence for a relationship between the magnitude of
placebo and hypnotic analgesia on pain tolerance scores. Previous research has reported no
such relationship between hypnotic and placebo responding (50; 94; although see also (50)
who reported a relationship between placebo analgesia and non-hypnotic suggestibility). One
explanation for the difference between the present and previous studies is the employment of

an outcome variable that was the same for the placebo and hypnotic responses. For example,

in Tasso et al. the placebo response was induced by delivering a suggestion that white noise
being played on a compact disc would enhance physiological reactivity, whilst the hypnotic
responses were suggestions delivered during a standard hypnotic screening procedure, none
of which involve white noise nor suggestions of enhanced reactivity. Similarly, Parsons et al.

(2021; 50) employed placebo analgesia for the placebo response but did not employ hypnotic
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analgesia for the hypnotic response. In the present study the outcome for both the placebo
and hypnotic suggestions was analgesia. It therefore remains possible that correlations
between placebo and hypnotic responses are more likely when the placebo and hypnotic
responses are in the same modality. Given this potential relationship between these two forms
of analgesia, it is even more surprising that they were not predicted by the same form of
inhibition. Of course, future research might reveal a measure of inhibition that does predict
both forms of analgesia. Nevertheless, the present results indicate that hypnotic and placebo
analgesia are related to different forms of inhibitory control.

In the present study we observed a correlation between hypnotic suggestibility and
hypnotic analgesia (threshold), although this relationship was not supported by Bayes
Factors. This relationship is a common finding in the literature (95-98), although some
studies have not observed such a relationship (e.g., 72). The present study also provides
weak evidence for a relationship between hypnotic suggestibility and HSCT performance.
This relationship could be further explored in future research given the unclear relationship
between hypnotic suggestibility and measures of executive function (60).

Limitations

The version of the Stroop task used here, employed to be consistent with Cipolotti et
al. (2016; 34) is not ideal (see 40) for two reasons. First, it is a non-computerised, list version
in which participants are asked to say aloud the colour of the font of as many Stroop items as
possible in a given period of time. Recording of errors and responses is not as precise as a
computerised version of the task. Furthermore, following Cipolloti et al. we used
participants’ performance on the incongruent condition only — it is this measure that was
related to left PFC integrity in their patients. However, using just the incongruent condition
without a control condition means that performance differences on the incongruent trials

could also be driven by simpler response-speed differences (see (40) for a discussion of this).
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The Golden and Freshwater (2002; 69) version of the Stroop task employed here does include
a baseline condition, a separate sheet for which participants have to name the colour of the
font of repeated-letter stimuli (i.e., XXXX), but this is again not ideal (i.e., a better baseline
would be a neutral word e.g., the word table in red; see (40) for a discussion of this issue).
Nevertheless, this baseline condition can be used to calculate a measure of interference
(number of correct items in the incongruent list condition minus the number of correct items
in the baseline list). To check for the predictive value of this measure of interference in the
present study, incongruent only scores were substituted for this measure of interference
(incongruent — xxxx sheet). This substitution did not meaningfully change the outcomes of
the analyses. Future research could employ a computerised version of the Stroop task with a
neutral word baseline for a more precise measure of performance.

Another potential limitation is that the cream used in the placebo condition differed
from the other two conditions in potentially important ways. An odour, food colouring and
another type of cream were added to the cream in the placebo condition to make it look,
smell and feel different from the cream used in the other conditions. The aim was to ensure
the placebo cream was believably different from the cream employed in the hypnosis and
control conditions and followed the approach taken by Montgomery and Kirsch (1996; 71) in
their study on placebo effects in the CPT. One study has shown no effect of different odours
on cold pressor pain ratings (compared to water; 99) but no study has as far as we are aware
considered the effect of thyme oil. Likewise the colour (100) and texture differences might
have played a role in pain relief or even heightening pain.

Another potential limitation of the present study is that roughly half of our
participants were male (22 of out 48 participants). Men tend to have higher pain thresholds
than women in experimental research (67; 101-102; cf. 103) and so participant gender might

be a modifying variable in our study. However, since our study had a fully within-subjects
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design it is unlikely that gender would have modified the results with regards to the
predictive relationship between the executive function tests and the forms of analgesia.
Nevertheless, as with the study by Oosterman et al. (2010; 85) all participants in the present
study were examined by female experimenters. Research has shown that male participants
report reduced pain experience to female experimenters, whereas women are unaffected by
the gender of the experimenter (104-105), although this effect is not always observed on pain
experience (67). This means that pain threshold and tolerance values might have been
influenced by the presence of a female experimenter, leading to increased immersion times in
our male participants. Therefore, to increase immersion times past that which male
participants would have had if the experimenter were male, they may have drawn on
different inhibition mechanisms. This is speculative and the present study does not have
enough male participants to provide a sufficiently powered statistical test of this possibility.
A future study could explore this possibility by comparing and contrasting the predictive
value of executive functions tests when male participants are tested by male vs. female
experimenters.

Finally, the hypnosis condition necessarily involved a hypnotic induction which we
estimate resulted in a duration difference of 3-5 minutes on average. This extra time permits
the potential for building of greater rapport and trust between the participants and the
researcher and could potentially account for the difference in magnitude of the analgesic
effect in the two conditions. It is difficult to equate the length of control condition
interventions (see also 72; 106 for non-equated intervention durations). The extra time to
develop a rapport between the researchers and the participant could modify the mechanism
producing the analgesic effect, which could be investigated in future research.

In conclusion, the present study shows the clear and potent effects of both placebo

and hypnotic analgesia in pain perception, and especially for the latter for which many
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participants did not report the onset of pain before the maximum submersion time allowed
was reached. The most important contribution of the present study however is that it provides
evidence for a relationship between placebo analgesia and a measure of inhibition as

measured by the Hayling Sentence Completion task.
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Figure Captions

Figure 1. Box plots showing the distribution of pain threshold and pain tolerance times (in

seconds) in the Hypnotic analgesia (A), Placebo analgesia (B) and Control (C) conditions.
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