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Abstract: The variability of the Conditioned Pain Modulation (CPM) effect can be attributed to
conditioning stimulus (CS) characteristics, such as intensity, duration, unpleasantness, or affinity.
This study investigates the impact of affinity and unpleasantness variables on the CPM effect using
two protocols (cold water and ischemia) in the same healthy individuals (n = 54). Additional variables
were also examined for their potential influence on the CPM effect. The main results are as follows:
(1) a higher level of affinity and a lower level of unpleasantness for the stimuli used resulted in a
stronger CPM effect; (2) significant differences were observed in the extreme categories (high and
low) of both variables, whereas the “indifferent” group did not show a clear trend; (3) within-subject
analysis demonstrated that affinity for the CS had a clear impact on the CPM effect; (4) no correlations
were found between the CPM effect and the additional variables, except for the extraversion variable
with the CPM effect of the ischemia protocol, and CS duration variable with CPM effect in the cold
water protocol; and (5) only the affinity variable explained the CPM effect in both protocols in the
multiple linear regression analysis. The affinity variable was found to influence the CPM effects
significantly, indicating its important role in our perception and response to pain.

Keywords: conditioning stimulus; affinity; unpleasantness; conditioned pain modulation;
pain modulation

1. Introduction

Conditioned Pain Modulation (CPM) is an endogenous pain-inhibitory pathway in
humans that aims to reduce or inhibit pain [1]. It is closely associated with a phenomenon
called Diffuse Noxious Inhibitory Control (DNIC), which was initially studied in rats by
Le Bars [2]. The mechanism of action can be summarized as ‘pain inhibits pain’ [3], meaning
that a painful stimulus applied to one part of the body can inhibit pain in another part
of the body by activating this phenomenon [4]. CPM has gained importance in recent
years due to its clinical applications. Specifically, experimental protocols can be used to
evaluate the performance of this inhibition pathway [5]. Multiple studies have suggested
that individuals with chronic pain may have altered CPM pathways, resulting in a lower
CPM effect compared to healthy individuals [6].

Research has highlighted the variability of the CPM effect both within and between
individuals. This variability can be attributed to personal characteristics such as sex or
age [7], socioeconomic factors like economic and educational levels [7,8], lifestyle choices
including alcohol consumption or sleep patterns [9], and cognitive—emotional states such
as anxiety, depression, or catastrophizing. Notably, higher scores in these psychological
variables correlate with a deficient CPM effect [10]. Conversely, positive attributes like
resilience, optimism, and positive expectations have increased the CPM effect [11-13].
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Moreover, the conditioning stimulus (CS) characteristics, such as intensity, duration,
unpleasantness, salience, or affinity, also impact the CPM effect. While the relationship
between CS intensity and the CPM effect is well-documented [14-16], the influence of
salience or unpleasantness is less understood. A recent study investigated the attribute
of pain unpleasantness and the impact on the CPM effect, finding that lower CS unpleas-
antness was associated with an improved CPM effect [11]. Only one previous study has
explored the impact of affinity towards the CS, revealing that individuals with a prefer-
ence for cold water as a CS exhibited a more pronounced CPM effect than those without
such affinity [17].

Given these findings, research into the variables influencing the CPM effect is neces-
sary. Understanding these factors can enhance our knowledge of pain modulation processes
and suggest that treatments aligning with patient preferences and managing psychological
factors could improve the CPM effect and clinical outcomes in chronic pain sufferers [10].
This study hypothesized that the CPM effect is modulated by affinity and unpleasantness
due to CS applied. It postulates that individuals with higher affinity or lower unpleasant-
ness towards the CS will exhibit a greater CPM effect. The research investigates the impact
of affinity and unpleasantness on the CPM effect, using cold water and ischemic pressure
conditioning stimulations with a cross-over design among healthy participants.

2. Materials and Methods
2.1. Participants

Non-probabilistic sampling was used to recruit participants through advertisements
on various social networks. Those who met the criteria were eligible to participate. The
study was conducted following the Declaration of Helsinki, good clinical practices, and
all applicable laws and regulations. The Ethics Committee of the University of Jaén
approved the research (ABR.23/2 INV). All the participants received the information
about the study and provided written informed consent to participate. The inclusion
criteria were (1) healthy volunteers, (2) being over 18 years old, and (3) having knowledge
and understanding of the Spanish language. Participants who were pregnant, taking any
pain medication, drugs, or alcohol 24 h before the study, or experiencing any pain or disease
at the time or one week before were excluded from the study.

2.2. Procedures

All participants completed the Spanish versions of several questionnaires (details of
the questionnaires are below), and they provided information on their sex (male/female),
age (in years), and BMI (in kg/m?) using a self-developed questionnaire.

The participants also completed two CPM protocols in which the test stimulus (TS)
of algometry was combined with the conditioning stimuli (CS) of cold water or ischemic
pressure. The protocols, the ‘Cold Water Protocol” and the ‘Ischemia Protocol’, were
conducted on two different days with an exactly one-week gap between them. The
order in which the protocols were administered was randomized using the Epidat 3.1
program (Department of Health, Santiago de Compostela, Galicia, Spain). Therefore,
the participants could belong to Group A + B (first day—cold water protocol, second
day—ischemia protocol) or Group B + A (first day—ischemia protocol, second day—cold
water protocol). The study took place at the University of Jaén from May to June 2023.
Each intervention lasted approximately 30—45 min. The two protocols followed the same
methodological sequence.

2.2.1. Application of the ‘Familiarization Test’

The familiarization test is the initial test aimed at familiarizing the participant with
the pressure of the algometer, allowing the participant to better discriminate and eval-
uate sensations during the study. The investigator applied pressure progressively at
three different points [15,18] in the neck region and always in the same order (two points
at the superior fibers of the trapezius and one point on the scalene muscle) with a digital
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algometer (FPIX; Wagner Instruments, Greenwich, CT, USA) on the non-dominant side. For
each point, the participant indicated when the pressure was perceived as painful (pressure
pain threshold, PPT). The investigator stopped applying pressure and recorded the pressure
reading on the algometer (kg/cm?) [19].

2.2.2. Application of the TS (20 min Later)

The investigator performed the same procedure but on the dominant side. The mean
of the three PPTs was calculated, and this mean value was considered the Pre-conditioning
stimulus variable (Pre-CS).

2.2.3. Application of the CS

e  Cold Water Protocol: The participants remained seated and, on receiving the signal,
were requested to submerge their non-dominant foot (three centimeters above the
lateral malleolus) [17,20] in a container of cold water (8-10 °C) [17,19]. A water
thermometer controlled the temperature, and the water was maintained within this
range by the container’s cooling system. Every 30 s, the participants were asked
to assess the pain sensation produced by the cold water. If it scored 6/10 NRS,
they would remove their foot from the water; if not, the foot was submerged until
6/10 NRS was reached [17,21]. The participants could also indicate that they had
reached 6/10 NRS before being asked every 30 s. Once this score was reached, the
foot was removed from the water, and the TS was applied consecutively (sequential
paradigm). The time was timed (seconds), and the maximum time in the water (for
safety) was two minutes.

e  Ischemia Protocol: Ischemia was caused by a blood pressure cuff placed at the ankle
of the non-dominant leg and was inflated to a pressure of 250-260 mmHg [17,21].
The participants were seated with their leg raised for one minute [17,21]. Following
this minute, the participants were asked to assess the pain sensation produced by the
ischemia every 30 s. If the pain sensation reached 6/10 on the NRS, this part of the
test was ended; if not, they had to flex and extend their ankle until this score on the
NRS was reached [17,21]. Once 6/10 was reached on the NRS, the cuff was deflated,
and the participants lowered their leg (sequential paradigm). Again, the participants
could indicate they had reached 6/10 NRS before asking every 30 s. This time was
timed (seconds).

2.2.4. Application of the Second TS (Sequential Paradigm)

Again, the participants were asked to indicate when the pressure was PPT for each of
the three points on the neck. The mean of the three values was recorded and considered
the Post-conditioning stimulus variable (Post-CS).

2.3. Variables
2.3.1. CPM Effect

CPM was assessed by calculating the PPT difference between the second TS and the
first TS (Post-CS minus Pre-CS) in each protocol. This yielded two variables: ‘CPM effect
Ischemia Protocol” and ‘CPM effect Cold Water Protocol’. A positive CPM effect indicated
decreased pain, indicating that the CPM phenomenon had been triggered. Conversely, a
negative result indicated increased pain, suggesting that the CPM phenomenon had not
been activated [20,22].

2.3.2. Affinity to Stimulus Applied

The participants’ affinity to the stimulus was determined by their personal preference,
which was based on their previous life experiences with that stimulus. Before starting
the CPM protocols, the participants rated their affinity for each stimulus (cold water or
ischemia) on a scale of 0 to 10, with 0 indicating no affinity and 10 as the highest. For
an accurate assessment, examples were provided. For cold water, its perception in daily
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scenarios like river bathing, and for ischemia, the sensation from a sphygmomanometer
cuff. Affinity was classified into three categories [23]: ‘low” (0-3), indicating minimal liking;
‘indifferent” (4-6), showing ambivalence; and ‘high” (7-10), denoting strong liking. This
question was included in the questionnaire, and the participant had to write down the score
on it to prevent the researcher who carried out the CPM protocol from being influenced by
the participant’s response.

2.3.3. Unpleasantness Due to Stimulus Applied

After completing the experimental protocols, participants were asked to rate their
unpleasantness on a scale of 0 to 10 for each CS (cold water and ischemia), where
0 meant not unpleasant and 10 extremely unpleasant. Unpleasantness ratings fell into three
categories [23]: “low’ (0-3), indicating the stimulus was slightly unpleasant; ‘indifferent’
(4-6), denoting the stimulus was painful but neither slightly nor highly unpleasant; and
‘high” (7-10), suggesting the stimulus was perceived as highly unpleasant.

2.3.4. Anxiety and Depression

These variables were evaluated using the Spanish version of the Hospital Anxiety
and Depression Scale (HADS) [24]. The HADS is a 14-item scale, with 7 items each for the
anxiety and depression subscales. The scale uses a Likert-type response format, with scores
ranging from 0 to 3 points. The scale provides two total scores, one for anxiety and one for
depression, ranging from 0 to 21 on each subscale. Higher scores indicate higher levels of
anxiety and depressive symptoms. The Cronbach’s alpha coefficients for the anxiety and
depression subscales are 0.85 and 0.84, respectively.

2.3.5. Stress

Stress was measured using the Spanish version of the Perceived Stress Scale (PSS) [25].
The self-administered scale consists of 14 items, a 5-point Likert response ranging from
0 (never) to 4 (very often). Items 4, 5, 6, 7, 9, 10, and 13 are in reverse order, which is
significant to consider for their interpretation. Scores from 0 to 56 can be obtained, where a
higher score corresponds to a higher level of perceived stress. It shows adequate internal
consistency (x = 0.81) and concurrent validity and sensitivity.

2.3.6. Catastrophizing

Catastrophizing was measured using the Spanish version of the Pain Catastrophizing
Scale (PCS) [26]. This is a 13-item self-administered questionnaire in which subjects indicate
the degree to which they experience each of the thoughts or feelings using a 5-point Likert-
type scale ranging from 0 (never) to 4 (always). A total score is obtained from the scale that
reflects the level of catastrophizing in the subject’s pain. Low scores indicate a low level of
catastrophizing, and high values indicate a high level of catastrophizing in the subject. This
scale comprises three dimensions: (a) rumination, (b) magnification, and (c) helplessness.
The Cronbach’s alpha coefficient is 0.79.

2.3.7. Kinesiophobia

Kinesiophobia was measured using the Spanish version of the Tampa Kinesiophobia
Scale (TSK) [27]. Kinesiophobia is defined as the fear of moving due to pain or fear of injury.
This questionnaire is made up of 11 items. The response options are 4-point Likert type
ranging from 1 (totally disagree) to 4 (totally agree). The higher the score, the higher the
level of kinesiophobia. Adequate internal consistency (x = 0.79).

2.3.8. Resilience

Resilience was measured using the Spanish version of the Brief Resilience Scale
(BRS) [28]. Resilience is defined as the ability to bounce back from stressful circumstances.
The questionnaire consists of 6 items where this capacity is measured. Each item is scored
on a 4-point Likert-type scale ranging from 1 (strongly disagree) to 4 (strongly agree). It is



Biomedicines 2024, 12, 1172

50f13

important for the interpretation to know that items 1, 3, and 5 are in the direct sense while
items 2, 4, and 6 are in the reverse sense. The higher the score, the greater the resilience.
Adequate internal consistency (c = 0.83), convergent, concurrent and predictive validity.

2.3.9. Personality

Personality was measured using the Spanish version of the Revised and Abbreviated
Eysenck Personality Questionnaire (EPQR-A) [29]. This questionnaire is made up of
24 items that allow evaluating four subscales (6 items each): extraversion (items 2, 4, 13, 15,
20, and 23), neuroticism (items 1, 9, 11, 14, 18, and 21), psychoticism (items 3, 6, 8, 12, 16,
and 22) and sincerity (items 5, 7, 10, 17, 19, and 24). The response format is yes (1) or no (0),
scoring each subscale between 0 and 6 and being more similar to that trait or personality.
Adequate internal consistency (c > 0.54) and validity.

2.4. Statistical Analysis

Data were processed using SPSS version 21.00 (SPSS Inc., Chicago, IL, USA). A significance
threshold was set at p < 0.05, with a 95% confidence interval [30]. The Kolmogorov-Smirnov
test assessed the normality of the distribution of data. Descriptive statistics were computed,
including means and standard deviations for continuous variables and frequencies and
percentages for categorical variables.

To evaluate the influence of affinity and unpleasantness variables on the CPM effect
across both protocols, one-way ANOVA and post-hoc Bonferroni tests were employed.

Paired-sample f-tests were also conducted to examine intra-subject CPM effects, cate-
gorizing subjects based on their affinity for the applied stimuli. This categorization resulted
in four groups: (1) subjects with a high affinity for cold water stimulus and low or indif-
ferent affinity for ischemic stimulus, (2) subjects with a low or indifferent affinity for cold
water stimulus and high affinity for ischemic stimulus, (3) subjects with high affinity for
both stimuli, and (4) subjects with low or indifferent affinity for both stimuli. A similar
grouping and analysis were applied to the variable unpleasantness.

The Pearson correlation coefficient was calculated to determine the linear relationship
between the CPM effect for both the ischemia and cold water protocols and additional
variables such as anxiety, depression, stress, catastrophizing, kinesiophobia, resilience,
personality traits, and duration of the CS (in both protocols). Additionally, correlations
between CS duration and variables such as affinity and unpleasantness were also explored.
This correlation coefficient was considered ‘strong’ if it was >0.50, ‘moderate” between
0.30 and 0.50, and “weak’ if it was <0.30.

A linear regression analysis was performed with the studied variables to establish the
percentage of variance explained in the dependent variable, the CPM effect, for both the
ischemia and cold water protocols.

3. Results

A total of 73 people responded to the advertisements. Twelve of them declined to
participate because they were not interested in pain-related studies or had scheduling con-
flicts. Seven other participants did not meet the requirements for participation. Therefore,
54 healthy participants were enrolled in the study, and none of them dropped out during
the study (Figure 1).

The sample primarily consisted of women (68.8%) with an average age of
39.15 £ 13.81 years and a BMI of 24.19 =+ 3.89. Participants exhibited low levels of depres-
sion, anxiety, catastrophizing, stress, and kinesiophobia and had a high level of resilience.
They also showed low levels of psychoticism, neuroticism, and sincerity and high levels
of extraversion. The ‘Cold Water Protocol” and the ‘Ischemia Protocol” had inhibitory
effects, with CPM effects of 0.16 £ 0.31 and 0.17 & 0.30, respectively. The average duration
of the cold water CS was 68.65 + 39.34 s, while the ischemia CS lasted 121.26 + 41.30 s.
Further details can be found in Table 1, where descriptive characteristics of the sample and
protocols are provided.
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Assessed for eligibility
(n=73)

Excluded (n= 19)
- Refused to participate (n=12)
- Not meeting eligibility criteria (n=7)

Randomized (n=54)

Group A+B (n=27) Group B+A (n=27)

A. Cold water protocol B. Ischemia protocol

(n=27) First session (n=27)
Washout Period
+ (1 week) -
B. Ischemia protocol Second session A. Cold water protocol
(n=27) (n=27)

Figure 1. Flow-chart.

The study found a relationship between the CPM effect and the affinity variable.
Specifically, a higher affinity for the applied stimulus is associated with a stronger CPM
effect. On the other hand, there is an inverse relationship with the unpleasantness variable,
where a higher unpleasantness for the applied stimulus is associated with a weaker CPM
effect. The Bonferroni post-hoc test revealed significant differences between the extreme
‘high” and ‘low’ categories for both the affinity and unpleasantness variables. However, the
‘indifferent” group did not show a clear trend. The results of these analyses can be found
in Table 2.

When studying the affinity variable at an intra-subject level, the paired samples
t-test found that 44.44% of the participants had opposite affinities to the applied CS
(low/indifferent affinity to one CS and high affinity to the other CS), and they obtained
significantly different CPM effects based on their affinity. Accordingly, when they rated
a high affinity for one CS, they obtained a significantly higher and more efficient CPM
effect (CPM effect > 0.30), but when they showed a low/indifferent affinity for the other
CS, applied obtained a less efficient CPM effect (CPM effect < 0.09). The remaining
55.56% shared similar affinities for both applied CS, so subjects with high affinity for
both the cold water CS and the ischemia CS showed efficient CPM effects in both protocols
without any difference between them. Similarly, subjects with low affinity for both stimuli
also showed a low CPM effect without any significant difference between protocols. The
unpleasantness variable within-subjects t-test revealed no significant variations in any
combinations. The results of these analyses can be found in Table 3.

Exploring potential correlations between the additional variables and the CPM effect
across both the ischemia and cold water protocols, we found a weak correlation between the
extraversion variable and the CPM effect in the ischemia protocol and a strong correlation
between CS duration and the CPM effect in the cold water protocol (Table 4). Furthermore,
we analyzed the correlations between affinity and unpleasantness variables and CS du-
ration. The analysis identified strong correlations between CS duration and both affinity
(r = 0.56) and unpleasantness (r = —0.64) variables in the cold water protocol and mod-
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erate correlations with affinity (r = 0.36) and unpleasantness (r = —0.37) variables in the
ischemia protocol.

Table 1. Sociodemographic characteristics, psychological variables, and CPM effect outcomes.

Mean and SD or n (%)

Variables Total Cohort (n = 54)

Sex

Male 19 (35.20)

Female 35 (68.80)
Age (years) 39.15 + 13.81
BMI (kg/m?) 24.19 + 3.89
HADS Total (0-42) 10.52 +5.93
HADS Depression (0-21) 3.31+£252
HADS Anxiety (0-21) 7.20 + 3.96
PCS (0-52) 14.11 £ 10.79
BRS (6-30) 20.28 + 4.37
PSS (0-56) 21.09 £ 8.31
TSK (11-44) 20.20 4+ 5.59
Personality

Extraversion (0-6) 4.31+£1.97

Neuroticism (0-6) 2.04 + 1.80

Psychoticism (0-6) 2.35 4+ 0.89

Sincerity (0-6) 291 +1.51
CPM Effect

Cold Water Protocol 0.16 + 0.31

Ischemia Protocol 0.17 £ 0.30
Duration CS (seconds)

Cold Water 68.65 + 39.34

Ischemia 121.26 + 41.30

SD: Standard Deviation; %: Percentages; BMI: Body Mass Index; HADS: Hospital Anxiety and Depression
Scale; PCS: Pain Catastrophizing; BRS: Brief Resilience Scale; PSS: Perceived Stress Scale; TSK: Tampa Scale
Kinesiophobia; CPM: Conditioned Pain Modulation; CS: Conditioning Stimulus.

Table 2. Relationship between CPM effect and categorized affinity and unpleasantness variables in

both protocols.
. . CPM Effect . . .
Stimulus Variable (Mean - SD) p-Value Bonferroni Multiple Comparison Tests p-Value
Affinity
Low (n=16) —0.11 + 0.34 0.00 Low Affinity x Indifferent 0.00
Indifferent (n = 16) 0.21 +0.18 ’ Low Affinity x High Affinity 0.00
Cold Water High (n = 22) 0.32+0.23 Indifferent x High Affinity 0.56
(n=54) Unpleasantness
Low (n=11) 0.32 £0.18 0.00 Low Unpleasantness x Indifferent 1.00
Indifferent (n = 20) 0.27 £0.31 ) Low Unpleasantness x High Unpleasantness 0.01
High (n = 23) 0.00 £ 0.30 Indifferent x High Unpleasantness 0.01
Affinity
Low (n =10) 0.01 £ 0.12 0.00 Low Affinity x Indifferent 0.84
Indifferent (n = 32) 0.11 £0.18 : Low Affinity x High Affinity 0.00
Ischemia High (n=12) 0.50 + 0.42 Indifferent x High Affinity 0.00
(n=54) Unpleasantness
Low (n=15) 0.44 + 0.40 0.00 Low Unpleasantness x Indifferent 0.00
Indifferent (n = 29) 0.10 £0.17 ’ Low Unpleasantness x High Unpleasantness 0.00
High (n = 10) 0.01 £0.15 Indifferent x High Unpleasantness 1.00

CPM: Conditioned Pain Modulation.

Finally, the multiple linear regression analysis showed that the affinity variable was
the main factor explaining the dependent variable CPM effect variance (Table 5). In the
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‘Ischemia Protocol’, the affinity variable accounted for 27% of the explained variance in
the CPM effect, while in the ‘Cold Water Protocol’, it accounted for 39% of the explained
variance. The beta coefficients were positive (0.05 and 0.06), indicating that a higher affinity
for the stimulus was associated with a stronger CPM effect. The unpleasantness variable
and the additional variables assessed did not contribute to any explanatory models.

Table 3. Intra-subject CPM effects according to affinity and unpleasantness.

Variabl Combinati CPM Effect Cold CPM Effect Mean Difference Val
arables ombinations Water Protocol Ischemia Protocol 95% CI p vatue
High Affinity Cold Water and 0.21 +0.30
Indifferent/Low Affinity Ischemia (n = 17) 0.30 +0.26 0.09 4023 (0.06-0.37) 0.01
Indifferent/Low Affinity Cold Water and 0.63 + 0.61
Afinity High Affinity Ischemia (n = 7) —0.08+0.22 0.59 4049 (0.06-1.18) 0.04
High Affinity Cold Water and 0.01 +£0.24
High Affinity Ischemia (n = 5) 0.39+0.14 0.38 4029 (—0.28-0.31) 0-90
Indifferent/Low Affinity Cold Water and —0.001 £ 0.61
Indifferent/Low Affinity Ischemia (n = 25) 0.07£0.33 0.07 £0.13 (—0.13-0.13) 0.98
High Unpleasantness Cold Water and _ —-0.10+0.31
Indifferent/Low Unpleasantness Ischemia (n = 17) 0.02+034 0.07 £0.12 (—0.26 to 0.06) 0.21
Indifferent/Low Unpleasantness Cold Water and 0.18 £0.25
Unpleasantness High Unpleasantness Ischemia (n = 4) 0.24+0.13 0.06 +0.18 (—0.21 t0 0.57) 0.24
P High Unpleasantness Cold Water 0.07 + 0.10 0024013 0.09 £0.13 015
and High Unpleasantness Ischemia (n = 6) ’ ’ ’ ’ (—0.05 to 0.22) ’
Indifferent/Low Unpleasantness Cold Water and —0.1+054
Indifferent/Low Unpleasantness Ischemia (n=27) -2 = 028 0.30 £0.37 (—0.23 t0 0.20) 091
CPM: Conditioned Pain Modulation; CI: Confidence Interval.
Table 4. Correlations between the additional variables and the CPM effect in ischemia and cold
water protocols.
. CPM Effect Cold Water CPM Effect Ischemia
Variables (Score Range)
(r Pearson) (r Pearson)
HADS Total (0-42) —0.10 0.11
HADS Depression (0-21) —0.06 0.13
HADS Anxiety (0-21) —-0.11 0.08
PCS (0-52) 0.00 —0.14
BRS (6-30) 0.04 0.05
PSS (0-56) 0.11 0.18
TSK (11-44) —0.20 0.08
Extraversion (0-6) —0.04 —0.27*
Neuroticism (0-6) —0.24 0.10
Psychoticism (0-6) —0.06 0.14
Sincerity (0-6) 0.08 —0.06
CS Duration (seconds) 0.51 ** 0.05
*p <0.05; ** p < 0.01;, CPM: Conditioned Pain Modulation; HADS; Hospital Anxiety and Depression Scale;
PCS: Pain Catastrophizing Scale; BRS: Brief Resilience Scale; PSS: Perceived Stress Scale; TSK: Tampa Scale
Kinesiophobia.
Table 5. Multiple linear regression analysis for CPM effect in the “Cold Water Protocol” and the
“Ischemia Protocol”.
Variables B Beta 95% CI for B F p-Value R? Adjusted R?
Affinity 0.046 0.421 (0.014 t0 0.078 ) *
Cold Water Protocol ~ Unpleasantness —0.006 —0.050 (—0.047 to 0.034) 12.248 <0.001 0.424 0.389
CS Duration 0.114 0.269 (—0.010 to 0.239)
Affinity 0.062 0.395 (0.014 to 0.110) *
Ischemia Protocol Unpleasantness —0.018 —0.132  (—0.061 to 0.024) 7.446 <0.001 0.309 0.267
Extraversion —0.037 —0.241  (—0.074 to 0.001)

CS: Conditioning Stimulus; B: Unstandardized Coefficient; Beta: Standardized Coefficient; CI: Confidence Interval;
* p-value < 0.01; R?: R Square.
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4. Discussion

The main objective of this study was to determine how variables such as affinity
and unpleasantness impact the CPM effect using two different protocols (cold water and
ischemia stimuli) in the same individuals. Additional variables were also measured to
assess their potential influence on the CPM effect. The key findings of the study are as
follows: (1) A higher level of affinity for the stimuli used resulted in a stronger CPM
effect, and a lower level of unpleasantness for the stimuli led to a greater CPM effect;
(2) Significant differences were observed in the extreme categories (high and low) of both
affinity and unpleasantness variables, whereas the ‘indifferent” group did not show a
clear trend; (3) The within-subject analysis showed that affinity for CS clearly determines
significant changes in the CPM effect; a strong affinity of a subject for a CS significantly
influences their CPM effect; (4) No correlations were found between the CPM effect and
the additional variables, except for the extraversion variable with the CPM effect of the
ischemia protocol, and CS duration variable with CPM effect in the cold water protocol;
(5) Finally, only the affinity variable explained the CPM effect in both protocols in the
multiple linear regression analysis.

Previous studies have examined the characteristics of CS; specifically, the relationship
between CS intensity and CPM has been extensively studied [14-16]. However, there is
limited research on other characteristics like unpleasantness and affinity. A recent study
investigated the attribute of pain unpleasantness and the impact on the CPM effect, finding
that lower CS unpleasantness was associated with an improved CPM effect, possibly due
to the maintenance of a negative state of arousal [11]. Regarding the affinity variable, there
is one previous study where participants who received the cold water CS and had a higher
affinity for the cold exhibited an inhibitory effect, while those without a preference for
the cold did not show a significant CPM effect [17]. These results agree with our findings,
where individuals with a higher level of affinity and a lower level of unpleasantness for the
stimuli used resulted in a stronger CPM effect in both protocols. However, it is essential
to note the difference between affinity and unpleasantness. Both variables belong to the
cognitive-emotional dimension but differ in timing and experiential context. ‘Affinity’
refers to a pre-existing liking or aversion to a stimulus established previously; it is an
opinion or belief created by a previous experience. On the other hand, ‘unpleasantness’
is felt during or after exposure to the CS, encompassing the immediate sensory and emo-
tional reaction. Affinity (a belief created by a previous experience) could influence the
CPM effect by predisposing the individual to develop an expectation (positive or neg-
ative) and subsequently a placebo or nocebo response, determining the effect of CPM
(inhibition/facilitation). Previous studies have shown that individual belief in the current
experience critically influences response expectancy through learning mechanisms [31,32].
Moreover, there is a potential interaction between emotions and expectations in pain
processing [33]. Placebo and nocebo effects often involve emotional responses, such as
anticipatory anxiety (nocebo) or positive feelings of relief and reward (placebo), which
may mediate pain modulation [34-36]. In this context, one study explored the influence
of expectations on the CPM effect, finding that a greater expectation of analgesia when
applying a CS is associated with a greater capacity for CPM inhibition [37]. It is thus
conceivable that affinity might similarly influence the CPM effect. Specifically, participants
with lower affinity toward the stimulus might predisposed or anticipate more harm or
discomfort (unpleasantness) from the CS applied, leading to a nocebo response and a con-
sequently diminished CPM effect. Moreover, it is important to consider that the variables
of affinity and unpleasantness are part of the affective or emotional dimensions of the pain
matrix. Thus, brain structures such as the medial prefrontal cortex, premotor cortex, cingu-
late cortex, thalamus, and amygdala [38-40], as well as neurotransmitters like serotonin,
dopamine, and norepinephrine [41-43], may mediate the CPM effect. This mediation has
been supported by other research investigating the roles of harm avoidance [44], anxiety,
depression, and pain catastrophizing in modulating the CPM effect [10].
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In fact, these last-mentioned variables (anxiety, depression, and pain catastrophiz-
ing) are commonly studied [10]; however, our study found no correlations between these
variables and the CPM effect. This lack of association may be because most of our partici-
pants had low levels of these variables, indicating that they did not generally experience
these processes. In contrast, patients with chronic pain often have high levels of anxiety,
depression, and catastrophism [45-49] and also tend to have poor CPM [6]. We also did
not find correlations with additional variables such as resilience, kinesiophobia, stress, or
personality traits like neuroticism, psychoticism, and sincerity. The relationship between
some of these variables and the CPM effect is controversial and not as well-studied. For
example, a study on healthy triathletes found that fear of pain is associated with less
efficient CPM [50], but this association was not found in non-triathlete participants, and
another study was conducted in healthy individuals [37]. Similarly, while a study in healthy
individuals linked higher stress levels with less efficient CPM [51], another study did not
find this association [52]. Studies have also shown no associations between neuroticism
and the CPM effect [53,54]. In a study mentioned previously, men with inefficient CPM
and higher resilience showed a higher CPM efficiency [11].

A notable weak correlation identified in our study was between the extraversion
variable and the CPM effect in the ischemia protocol, where individuals with higher
levels of extraversion exhibited a reduced CPM effect. These results may align with
findings from imaging studies in healthy subjects, which have shown that extraversion
is linked to increased activity in brain regions related to the nociceptive system [55,56].
The fact that this relationship was only found with the CPM effect ischemia protocol
variable could be explained by evidence suggesting that the activation of pain inhibition
processes differs depending on the modality of the applied stimulus. Specifically, pressure-
based CPM effects were correlated with anxiety, heat-based CPM was correlated with
depression, and electrical-based CPM was correlated with pain catastrophizing levels in
healthy individuals [10].

In examining whether the CS duration variable correlates with the CPM effect in
both protocols, a strong correlation was found in the cold water protocol but not in the
ischemia protocol. Further analysis explored correlations between CS duration and the
affinity and unpleasantness variables in both protocols. This analysis revealed strong
correlations between CS duration and both affinity (r = 0.56) and unpleasantness
(r = —0.64) in the cold water protocol and moderate correlations in the ischemia protocol.
These results indicate that individuals with greater affinity for the stimulus and who rated
the applied CS as less unpleasant sustained the CS application for longer durations. Thus,
the duration of CS may also be influenced by the studied variables of stimulus affinity and
unpleasantness, so the duration of CS alone does not determine the CPM effect. Moreover,
while scientific evidence on how CS duration may influence the CPM effect is mixed and
requires further investigation [5], some studies show that extending CS duration does not
necessarily increase CPM magnitude [57].

Finally, multiple linear regression analysis found that only the affinity variable ex-
plained the dependent variable CPM effect, with 27% in the ‘Ischemia Protocol” and
39% in the ‘Cold Water Protocol’. The Beta coefficients in both cases are positive, meaning
a higher affinity for the stimulus leads to a higher CPM effect. The variable unpleasantness
and the additional variables measured did not contribute to any explanatory model. The
percentage varies depending on the applied CS, even though the same population was
used. One possible explanation is that not all variables have the same influence on the CPM
effect depending on their CS (as previously seen, studies suggest that the activation of pain
inhibition processes differs depending on the modality of the applied stimulus) [10]. Con-
versely, a previous study found that the affinity variable explained 45% of the CPM effect
for cold water [17]. The difference in percentages may be due to individual differences or
methodological variations. These results reinforce the hypothesis that the affinity variable
may determine the CPM effect more than other variables studied in healthy populations.
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The findings suggest that cognitive—emotional variables must be considered when
applying and interpreting CPM in clinical and research settings, particularly pre-existing
inclinations or aversions toward specific stimuli (affinity). This could lead to more per-
sonalized approaches in pain management, where the cognitive—emotional profiles of
individuals are considered, potentially improving the effectiveness and patient adherence
to pain management interventions.

The study’s limitations include a relatively small sample size, which may limit the
generalizability of the findings. Additionally, using different stimuli in CPM studies may
yield different results, indicating the variability and specificity of CPM effects to different
stimuli. Furthermore, the study only included healthy individuals, which may limit the
applicability of the findings to clinical populations, e.g., those experiencing persistent
pain. Further investigations with varied stimuli in diverse populations, including those
experiencing persistent pain, are warranted to validate and expand upon these findings,
enhancing their applicability and translatability to broader clinical contexts.

5. Conclusions

In conclusion, the affinity variable was found to influence the CPM effect significantly,
indicating its significant role in our perception and response to pain. The findings empha-
size the importance of considering individual psychological and emotional profiles when
developing strategies for managing pain. They could have an influence on the development
of future guidelines and affect the implementation of CPM in clinical settings.
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