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Abstract

Background: Pain is a complex phenomenon, and the experience can be affected by a plethora
of genetic, physiological, psychological, and environmental factors. The peripheral and central
nervous systems (PNS and CNS) form the core of pain perception, as these are the places where
stimuli are perceived and processed. One factor affecting pain perception is conditioned pain
modulation (CPM), a phenomenon in which a noxious stimulus inhibits the pain caused by a
different noxious stimulus. This factor is studied extensively in one of the experiments. This
study aims to identify factors influencing pain experience in healthy visitors of a festival in two
separate experiments. Additionally, this study proposes a more complete method to compute
an individual’s CPM.

Methods: In the first experiment performed during the Betweter Festival in Utrecht, menthol
and capsaicin creams were applied on the forearms of subjects, who after 5 minutes described
the pain and rated it on a 0 to 10 numeric rating scale (NRS). Using data on sex, age, and self-
reported pain threshold of the subjects, a logistic regression model was created.

In the second experiment, CPM was investigated in subjects using cuff algometry on the lower
legs. The cuff was inflated (~1 kPa/s), during which the subject rated pain on a 10-cm visual
analogue scale (VAS). The pressure at which the subject started sliding was defined as the
pressure pain detection threshold (PDT), the pressure at which the experiment was stopped was
extracted as the pressure pain tolerance threshold (PTT). Additionally, the subjects rated pain
on a 0 to 10 NRS after the test. The methods to calculate CPM were based on literature and
newly developed by the study team. A logistic regression model was created to study the
relation between sex, age, chronic pain, pain threshold, activity level and alcohol consumption,
and an efficient CPM system.

Results: In the first experiment, 76% of the individuals (n = 181) receiving the capsaicin cream
and menthol cream, were between 21 and 40 years old, and 63% were female. Overall, the
capsaicin cream was considered to be more painful than the menthol cream. Being female or
having a high self-reported pain threshold significantly reduced the chance of experiencing
discomfort. For the menthol cream, no variable significantly affected the experience of
discomfort.

In the second experiment, 82% of the individuals (n = 49) undergoing the cuff algometry study,
were between 21 and 40 years old, and 61% were female. Especially at the lower pressures,
there were significant differences in pressures at which a certain VAS score was reached
between the baseline and conditioning tests. At the higher pressures these differences did not
exist, but VAS scores were considerably lower in the conditioning test. Being female
significantly increased the odds of having a good CPM mechanism.

Conclusion: Women have a smaller chance of experiencing pain following capsaicin
application, and a greater chance of having a good CPM mechanism. This opens the door to
the possibility that current insights on gender and sex differences in pain may be outdated. In
addition, this study proposes a new method to calculate the effectiveness of CPM mechanisms,
which can be improved in further research.
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1. Introduction

1.1 What is pain?

The experience of pain is personal and can be experienced and influenced in a variety of ways.
It is a very vague term describing a subjective phenomenon, that may be difficult to be put into
words. For the longest time, mankind had therefore not a clue as to what pain actually is, and
how it works. An example of this is the description of pain by Descartes in his book L ’Homme,
in which he states the following: “Particles of heat activate a spot of skin attached by a fine
thread to a valve in the brain where this cavity opens the valve, allowing animal spirits to flow
from a cavity into the muscle causing them to flinch from the stimulus, turn the head and eyes

toward the affected body part, and move the hand and turn the body protectively.”? In the 358

years since the publication of L’Homme, we
have gained a better understanding of the human
body and pain, and we now know that pain is
not associated with the flow of animal spirits,
but with the flow of action potentials through
neurons. Our definition of pain has thus changed
too, and the International Association for the
Study of Pain (IASP) has in 2020 redefined pain
as “An unpleasant sensory and emotional
experience associated with, or resembling that
associated with, actual or potential tissue
damage.”™®l This change — for the first time
since 1979 — was deemed necessary as the
previous definition of pain, “An unpleasant
sensory and emotional experience associated
with actual or potential tissue damage, or
described in terms of such damage.”, was
lacking some context. The revised definition
takes six important aspects into account that the

previous did not (Box 1).

» Pain is always a personal experience that
is influenced to varying degrees by
biological, psychological, and social
factors.

» Pain and nociception are different
phenomena. Pain cannot be inferred
solely from activity in sensory neurons.

» Through their life experiences,
individuals learn the concept of pain.

» A person's report of an experience as
pain should be respected.

» Although pain usually serves an adaptive
role, it may have adverse effects on
function and social and psychological
well-being.

» Verbal description is only one of several
behaviors to express pain; inability to
communicate does not negate the
possibility that a human or a nonhuman

animal experiences pain.

Box 1: The six key notes used for the revision of
the definition of pain by the IAPS.[




As the IASP states clearly, pain and nociception are different phenomena, and there is
an important distinction. Nociception is defined as “the physiological process of activation of
neural pathways by stimuli that are potentially or actually damaging to tissue.” It thus refers
solely to physiological aspect of what is happening in or to the body. Nociceptive pain is
essential to the human body, and not a clinical problem, even though it hurts. A lack of
nociceptive pain may eventually lead to a variety of problems, such as bone fractures, scars,
unintentional self-mutilation, joint deformities, amputations, and even early death."
Nociceptive pain is therefore, no matter how annoying it may be, crucial to maintaining body
integrity. (6]

Nociception is thus a key aspect of pain, and in many cases the main determinant, but
it is important to realise that it does not tell the whole story. According to the IASP, nociceptive
pain is thus just one of three types of pain that one can experience. The others are neuropathic
pain and nociplastic pain.[l In contrast to nociceptive pain, neuropathic pain and nociplastic
pain are not protective to the body and have no physiological function. Neuropathic pain arises
as a result of damage to the somatosensory nervous system. When nociplastic pain arises in the
body, it does so from no clear cause. There is altered nociception, but no damage to any tissue,
nor to the nervous system.

Neuropathic pain illustrates the importance of the central nervous system (CNS) on the
perception of pain, as well as its ability to influence this perception. Pain is actively regulated
by both inhibitory and excitatory circuits, which is mainly controlled by nuclei in the brainstem.
These can strengthen or weaken the sensation of pain depending on past experiences, cognitive
function, or mood.l®] A common example is the placebo effect, in which your brain will believe
that you have been given a treatment, and accordingly, while in reality no active compound has
been admitted.

The challenge of studying pain is thus that it is multifaceted, and subjective. It should
come as no surprise then, that objective measurements of pain are indeed complex and difficult
to achieve.ll Pain and pain scores are also highly dependent on personal experiences of
individuals, and this creates a problem for both clinical practice as well as research.
Nonetheless, while pain is often a protective mechanism, for the hundreds of millions of people
suffering from chronic pain, it is not.['% According to some studies, up to 30% of the world
population is affected by chronic pain in some way, shape or form, carrying a massive burden
on these individuals and on society itself.'11?] By gaining a better understanding of the factors
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affecting pain, and the mechanisms of pain, the quality of life of these people could be

improved.

1.2 TRPV1 and TRPM8

The human body is able to sense temperatures between a range of about 8 to 52 °C and detect
changes of as little as 1 °C.[**'4 Below ~15 °C and above ~42 °C, temperature becomes noxious
and potentially harmful.[*®! Central to the ability to detect this is the peripheral nervous system
(PNS). Four heat-activated channels (TRPV1 — 4) inform the body of temperatures over ~25
°C, and two cold-activated channels (TRPM8 and TRPA1) inform us about temperatures below
~25 °C.[1316171 Two of these, TRPV1 and TRPMS8 have been extensively researched, in great
part due to their natural agonists; capsaicin for TRPV1 and menthol for TRPMS,
respectively.[*® These substances have added significantly to the study of pain, as those
channels operate, at least partially, in the noxious temperature zones.

TRPV1 is activated by temperatures greater than ~42 °C, which is the point where
heat starts to become noxious.l*® Like all TRP channels, TRPV1 is a transmembrane ion
channel. TRPV1 is polymodal, and as mentioned, can also be activated by capsaicin, which
stabilizes the open state of the receptor by interaction with subdomains S4 and S5.*81 Capsaicin
is the ingredient of chili peppers and it is responsible for the burning and tingling sensation of
spicy foods.[**! It is this correlation between the heat sensor of the human body and spicy food
which causes people to sweat when eating spicy food; the same pathways are activated and
thus the same information is conveyed to the brain. Another activator is low pH, and
inflammatory factors — nerve growth factor, bradykinin, lipids, prostaglandins, protein kinases
A and C, and ATP — are also known to potentiate the receptor.?’]

TRPMB8 on the other hand is activated at temperatures from ~28 °C to ~8 °C. Cold
becomes noxious from about 15 °C.[**l One natural agonist of TRPMS8 is menthol, and the
receptor is, similar to TRPV1, polymodal, with other activators being voltage, pressure, and
hyperosmolarity.?! Menthol, the cooling component from mint, induces temporal
conformational changes in the S6 subsection of TRPM8 upon binding, causing the receptor to
open up and the cell to depolarize.??l It has been shown that at very high concentrations,
menthol can induce a painful sensation.?*251 Cold can induce a painful sensation too,
especially so in chronic pain patients suffering from cold allodynia.l?8! They will perceive cold
as excruciatingly painful and thus have to avoid it. Although menthol is the most well-known
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natural agonist for TRPM8, and has been crucial in the discovery of the receptor, ilicin, a toxic
substance of holly, is a more potent stimulus, which activates the channel in a manner that is
different to menthol.'™ Extracellular calcium is required for ilicin to activate TRPMS.[2]

For both channels, the transmembrane voltage is a defining factor for the temperature
sensitivity.[?®] When the temperature changes, the voltage dependence of voltage activation
gradually shifts, making the channel either more or less likely to be activated. Specifically, the
opening rate o of TRPV1 shows a steep temperature dependence, while the temperature
dependence of the closing rate p was shown to be shallow.1?8] The opposite is true for TRPMS,
where the opening rate o showed a shallow temperature dependence and the closing rate  was
steeply temperature dependent. This model, albeit simplified suggests that the differences in
thermosensitivity of TRPV1 and TRPM8 are a result of different activation energies for the
voltage-dependent opening and closing of the channels.['” 281 Findings regarding TRPV1 were
rewarded with a Nobel Prize in the past year, as it helped the field understand pain perception

much better.

1.3 Conditioned Pain Modulation
Next to the PNS mechanism, the CNS can, unconsciously, alter the perception of pain. A well-
known example of this is how one may get injured while doing sports, and it does not hurt that
badly until one stops. Then the adrenaline levels in the blood decrease and it turns out the
situation is a little worse than anticipated. A more general process of pain alleviation by the
CNS was first known as diffuse noxious inhibitory controls (DNIC). In this phenomenon, the
pain caused by one noxious stimulus is reduced by another noxious stimulus.?? It has been
shown that this process is a central phenomenon, as only animals with an intact brain possess
it.% The descending pathways must be activated in the brain, which then allows for a reduction
of pain. However, since specific CNS mechanisms cannot be perceived in humans, it was
recommended to refer to the process as conditioned pain modulation (CPM) rather than DNIC
when related to humans.3Y1 CPM is clinically important, as an insufficient CPM mechanism is
related to prolonged operative pain, chronic pain, and an increase in pain and decrease in
physical functioning in healthy subjects.[°32331 |n the study of CPM there is a test stimulus,
which evokes the pain, and a conditioning stimulus, which should reduce the pain.[3-:34
Various parameters are thought to influence CPM efficiency. These include
unmodifiable patient related factors, such as age, sex, ethnicity, genetic makeup, and hormones,
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but also psychological factors such as anxiety, depression, and catastrophizing. Underlying
medical problems may also have an influence, as do methodological and procedural factors
when CPM is studied in a research setting.[**! The CPM effect appears to be more efficient in
younger people, and decline with age.l*5%"] Research is less conclusive about the effect of sex,
with some suggesting that men have a more efficient CPM mechanism, and others suggesting
that there is no difference.[®®% It must be noted that menstrual cycles seem to have an effect
on CPM, with pain modulation being more effective when oestradiol levels are high, and
progesterone levels are low, as is the case in the ovulatory phase.[“?4! The effect of chronic
pain on CPM in research largely depends on whether the subjects are using medication, and
what kind.% Exercise, especially aerobic and isometric, reduces pain sensitivity in muscles,
both at rest and during exercise, suggesting that pain inhibitory mechanisms are stronger in
people who frequently do sports.[*?l However, in people who already suffer from widespread
pain, a high pain sensitivity, or an impaired CPM mechanism, isometric and aerobic exercises

may cause an increase in pain sensitivity.[*?l

1.4 Creation of models

The aim of this study is to create several linear and logistic regression models, with which we
will be able to predict the influence that various factors may have on the experience of pain.
Many studies show that women are more likely to experience more severe levels of pain,
experience the pain for a longer amount of time, have pain more frequently, and have a higher
risk of chronic pain.3®4441 |t js thus expected that the present study comes to similar
conclusions. Another factor that has been studied extensively in relation to pain is alcohol.
While alcohol is able to inhibit pain, and moderate drinking may be positively related to pain
sensitivity™], extensive alcohol use and abuse is related to chronic pain and greater pain
severity.[*-#"l We thus expect that the individuals who have consumed alcohol at the time of
the experiment to show a better pain inhibition, but it does highly depend on the everyday
drinking habits of the participants. Age has been found to have an influence on the experience
of pain too, with older people being more likely to suffer from the negative aspects of pain.[
With these factors in mind, we will predict the likelihood of the experience of pain with

capsaicin and menthol creams, and the relation of these factors with one’s CPM mechanism.



2. Methods

2.1 Subjects

Subjects attending the Betweter Festival 2021 were eligible for inclusion in this study. The
Betweter Festival is an event organised by Utrecht University, where researchers and interested
visitors meet in a festival setting. At this festival, researchers from the UMC Utrecht had set
up a stand with these experiments. The participants all voluntarily took part in either one of the
experiments, or both. The Medical Research Ethics Committee of UMC Utrecht (The
Netherlands) approved this study and waived the need to obtain informed consent from the

participants (protocol 21/397).

2.2 Experimental procedure

2.2.1 Cream experimental procedure

A capsaicin cream was applied on the left forearm of the participants, and a menthol cream on
the right side (figure 1A). The participants were then asked to give the pain of both a score on
a numeric rating scale (NRS) from 0 to 10, where 0 is ‘no pain at all’, and 10 is ‘maximum
pain’. At an NRS score of 4 or higher, the cream was defined to have induced discomfort. They
were also asked the describe the sensation, and comment on whether they thought the creams
were painful. For the participants in which either of the creams induced irritation on the skin,
the circumference of the affected area was measured and noted down.

After the experiment participants were asked to fill in a short questionnaire, in which
they commented on their sex, age group, and self-reported pain tolerance. This information
was used to divide the participants in groups: male or female; below the age of 40 years, or
above the age of 40 years; low, medium, or high pain tolerance. These groups were to be used

in the creation of a logistic and linear regression model later.

2.2.2 CPM experimental procedure

The participants were placed in a relaxed, seated position (figure 1B). The experiment consisted
out of three parts: a baseline test, a baseline test for the conditioning stimulus, and a
conditioning test. During the baseline test, the cuff on the left lower leg was inflated, either
until it was fully inflated, or until the participant stopped the experiment because of an

intolerable pain sensation. This was the baseline measurement. In the baseline test for the
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conditioning stimulus, the same procedure was repeated on the right leg. This measurement
provided the conditioning stimulus for the last test, in which both cuffs were inflated. In this
conditioning test, the cuff on the right leg was first inflated to 70% of the maximal pressure
that was reached in the baseline test for the conditioning stimulus. About eight second after the
cuff on the right leg started inflation, the cuff on the left leg was inflated. Again, this proceeded
until it was fully inflated, or until the participant stopped the experiment. This was the
conditioning measurement. After each test, the participant was asked to rate the pain on a
numeric rating scale (NRS) from 0, signifying ‘no pain’, to 10, signifying ‘maximum pain’.

Following the experiment, the participants were asked to fill in a short questionnaire.
They were asked about their sex, age group, presence of chronic pain, self-reported pain
tolerance, how frequently they exercise per week, and whether they had consumed alcohol
during the festival. If the answer to the last question was yes, their blood alcohol content was
measured using a Breathalyzer. The information collected was used to divide the participants
into several groups: male or female; below the age of 40 years or above the age of 40 years;
chronic pain or no chronic pain; exercised more than twice per week or not; low, medium or
high pain tolerance; had consumed alcohol or had not consumed alcohol. These groups were
later used to create a logistic and linear regression model.

A computer-controlled cuff algometer with a 13-cm wide tourniquet cuff was used for
the experiment. The cuffs were connected to the compressor and wrapped around the lower
legs, at the level of the largest circumference of the gastrocnemius muscle. The cuff around the
right leg formed the conditioning stimulus, while the left leg was tested for CPM. The cuffs
were not moved or released over the course of the experiment. The pressure in the cuff was
increased by ~0.97 kPa/s. The maximum time limit was set at 100 seconds, at which point the
pressure would reach 96 to 97 kPa. Participants were instructed to continuously rate the pain
during the inflation, starting from the point when the pressure was perceived as painful.

In order to continuously record the pain score, the participants were given a 10-cm
electronic visual analogue scale (VAS), as well as a button to release the inflation. The
participants were instructed to press this button when the pain became unbearable, which
determined the pressure pain tolerance threshold (PTT). If the participant did not stop the
experiment, the max pressure readout was taken as the PTT, which varied between 96.08 kPa
and 96.86 kPa. 0 cm on the VAS was defined as ‘no pain at all’, while 10 cm was defined as

‘maximum pain’. The pressure pain detection threshold (PDT) was defined to be the pressure
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when the VAS score became greater than 0, i.e., when the participant started sliding the VAS
slider. At this point, the pain can be referred to as mild.[*! The pressure at which the VAS score
exceeded 4 was defined as the point where the pain became moderate (PVAS4). The PVAS7
was taken as a supra-pain threshold measure, when the pain became severe.[*l Due to the nature

of the experiment in the festival setting, each test was performed only once per participant.

Menthol cream

| Conditioning | | Teststimulus
/ stimulus \
/ { \

Capsaicin cream
‘\\_‘u\ / ,&,.r“f :
A B <4

Created in BioRender.com bio

Figure 1: (A) Experimental set-up of the cream experiment. A capsaicin cream was applied on the left lower arm
of the participant, and a menthol cream on the right lower arm. (B) Experimental set-up of the CPM experiment.
A cuff was placed on each lower leg of the participant. Two test stimuli runs were performed, one on each side,
plus a conditioning stimulus test on both legs, where the conditioning stimulus was 70% of the max test stimulus
on the right leg. Image created in BioRender.

2.3 CPM definition

To determine a score for the CPM, the trajectory of the Pressure x VAS data was
graphed out and integrated, giving us an area under the curve (AUC) value. This value was
divided by the PTT, in order to account for any differences in that area. We referred to the
values that we derived here as the base scores, and they were obtained for the baseline and the
conditioning test. The CPM was then defined as the difference between the base score for
baseline and the base score for conditioning.

CPM AUCbaseline AUCconditioning

a PTTbaseline PTTconditioning
With this formula, a positive value denotes a good, efficient CPM, while a negative

value denotes a poor, inefficient CPM.
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2.4 Statistics

Descriptive statistics were performed for all variables and were presented as mean and standard
deviation (SD). Variances in all matching scores were analysed. Independent samples t-tests
were then performed to assess any differences across the dependent variables in relation to the
independent variables. For the cream experiment this meant that the NRS scores for capsaicin
and menthol were compared, as well as the individual creams for age group and sex. Following
this, logistic and linear regression models were created to predict the odds that a parameter
influences the perception of discomfort, or a higher NRS score.

In the CPM experiment, differences in PDT, PVAS4, PVAS7, and PTT between
baseline and conditioning tests were assessed using independent samples t-tests. Differences
in base scores and CPM scores were also assessed using independent samples t-tests, with sex,
age group, physical activity level, chronic pain, and alcohol consumption as independent
variables. Logistic regression models were created to predict the odds that various factors have
on having a good CPM efficiency. Linear regression models predicted the influence of various
factors on the CPM score. The factors available for the models were sex, age group, presence
of chronic pain, pain tolerance, physical activity level, and alcohol consumption.

The analyses were performed using R version 4.0.3.5% The significance level was set

at p <0.05 for all analyses.
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3. Results

3.1 Cream experiment

A total of 181 individuals participated in this study (table 1). There is 0.55% missing data, as
one person did not comment on their pain tolerance, one did not report any pain scores for
either cream, and two only reported a score for one of the creams. A total of 179 individuals
were included in the regression analysis. The sex category ‘other/unknown’ is not included in

the regression analysis, as this sample size is too small.

Table 1: Demographics of subjects in the cream experiment

Sex Age Pain tolerance
c
S g g g2 2 o 9
c © 58] 58] 58] © ©
kv <5} 5} 5} 5} <5} <5} %
= > > > > > > =
© S o o o o o o ] S
= @ = N ™ < Lo © ~ > = <
c = = | [ [ [ | | < = E =)
¢ = &6 |4 & 8 ¥ 9B 8 A I = I
N | 114 65 2 4 88 45 23 15 3 3 14 106 60

Overall, the capsaicin cream was perceived to cause more discomfort than the menthol cream
(table 2). This is reflected both by higher numbers of subjects with an NRS > 4, reflecting a
perception of discomfort, and the average NRS being higher for every subgroup (tables S1 and
S2, figure S1). Only 32 subjects rated the menthol cream as more painful than the capsaicin

cream. Still, the vast majority of subjects did not perceive either of the creams as painful, nor

as indUCing a lot of discomfort. Difference in NRS scores for capsaicin and menthol cream
Both for the capsaicin (72 times)
and the menthol (125 times)

Menthol 4

cream, the most common NRS
score was 1 (figure 2). The NRS

was significantly higher for the

Capsaicin

capsaicin  cream than the

menthol cream for the overall

group, and also specifically in 0 2 s 6 2 10
NRS scare

male subjects, in subjects below Figure 2: Distribution of the reported NRS scores for the capsaicin

. . . and menthol creams.
40 years, and in subjects with a
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medium self-reported pain tolerance (p = 0.0004, 0.0004, 0.0024, and 0.0003, respectively).
For women the capsaicin cream induced less discomfort than for men (15% vs. 26%), but they
experienced more discomfort as a result of the application of the menthol cream (11% vs. 7%)
(tables S1 and S2). Among the categories of self-reported pain tolerance, the subjects with a
low pain tolerance perceived both creams to cause relatively more discomfort, while the
subjects with a high pain tolerance did not perceive the creams to induce a lot of discomfort.
In 19 cases (11%), there was irritation caused by the capsaicin cream (table S3). Of
these, 14 were confined to an area with a circumference of one to four cm. Three times the
circumference went beyond 10 cm. The average circumference was 4.42 (£ 3.75) cm. The

menthol cream caused no irritation in any of the subjects.

Table 2: Perception of capsaicin and menthol creams by all subjects

Capsaicin ‘ Menthol ‘

‘ Discomfortt Mean NRS  Pain? Discomfortt  Mean NRS  Pain? p-value®
All subjects ‘ 35 (20%) 229+1.49 10(6%) | 18 (10%) 1.75+1.42 9 (5%) | 0.0004*
! We denoted an NRS score > 4 to reflect discomfort.
2 Pain refers to the whether the subjects said that they experienced the creams to be painful.
3 p-value of the independent samples t-test performed to compare the average NRS score of the capsaicin and

menthol cream

3.1.1 Predictive models
Following our results shown in tables S1 and S2, we created a model predicting the odds of
experiencing discomfort following the application of capsaicin cream or menthol cream,
respectively. Both models contained the variables of sex, age group, and self-reported pain
tolerance. For the capsaicin cream, being male or having a low or medium pain tolerance
significantly increased the odds of experiencing discomfort, by 2.3 and 3.8 times, respectively.
The age category played no significant role in this prediction. The model was significant with
p = 0.008 and has an R? of 0.08. For menthol on the other hand, no variable was found which
significantly increased or decreased the chance of the perception of discomfort.

The linear model, made to predict what factors have an influence on a change in the
NRS score, contained sex, age group, and pain tolerance as covariates. For the capsaicin cream,
having a low or medium pain tolerance significantly increased NRS scores by 2 points. Being
male increased the NRS with 1.1 point, but this was not a significant result. For menthol, the
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biggest contributor was having a low pain tolerance, which increased the NRS score by 1.9

point, but this was not significant.

3.2 CPM experiment

A total of 49 individuals participated in this study (table 3).
Table 3A: Demographics of subjects in the CPM experiment.

Sex Age Pain tolerance Chronic pain

© o o o o o S
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N | 30 19 2 26 12 5 4 4 27 18 10 39

Table 3B: Demographics of subjects in the CPM experiment.

N Mean SD
Exercise
< twice per week 31 1.45 0.72
> twice per week 18 4.00 1.14
Alcohol consumption
Yes 23 0.35 %o 0.29
No 26
In the baseline experiment, the End points for baseline and conditioning experiments
individuals younger than 40 ”
years gave a significantly lower Baseline
VAS score at a pressure of 75 g 8 constones
kPa than those over 40 years %10_
(5.15 vs 7.28, table S4). This g
was the only significant
difference in the baseline test. | ] i r mmbim
Between baseline and 2 = Prezliure o 10

conditioning, there is no real Figure 3: Distribution of end pressures for baseline and conditioning
. . experiments.
difference in the number of

people that reached the max end pressure of > 96 kPa as their PTT (figure S3). The PTT
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remained unchanged between baseline and conditioning for 27 subjects. Ten subjects ended
the conditioning experiment later than the baseline, whereas 12 ended it earlier.

Table 4 compares the baseline and conditioning tests at various VAS and pressure
points. The PDT of the conditioning experiment was significantly higher than the baseline
conditions. At a VAS score of 7 (PVASY), the mean pressure when it was reached was lower
in the conditioning experiment, but the total number of subjects reaching a VAS of 7 was down
too, with five. There is no difference in PTT, both the VAS score and reported NRS score were
slightly lower for the conditioning condition, albeit not quite significantly. VAS scores were
considerably lower during conditioning compared to baseline at pressures of 50 kPa and 75

kPa, respectively.

Table 4: Pressures and VAS scores for baseline and conditioning, at several conditions.

Baseline Conditioning p-value!
PDT | 23.38 kPa (n = 49) 33.84 kPa (n = 48) 0.005*
PVAS4 | 52.81 kPa (n = 43) 61.21 kPa (n = 41) 0.110
PVAS7 | 67.17 kPa (n = 22) 64.71 kPa (n = 17) 0.638
PTT | 85.15 kPa (n = 49) 84.93 kPa (n = 49) 0.953
VAS at 25 kPa | 1.13 (n = 49) 0.75 (n = 49) 0.216
VAS at 50 kPa | 3.48 (n = 47) 1.95 (n = 44) 0.002*
VAS at 75 kPa | 5.48 (n = 38) 3.88 (n = 39) 0.008*
VAS at PTT | 6.50 (n = 49) 5.42 (n = 49) 0.071
NRS at PTT | 6.10 (n = 49) 5.37 (n = 49) 0.084

1 p-value of the independent samples t-test performed to compare the average pressure or VAS score of the

baseline and conditioning test
PDT = pressure pain detection threshold, PVAS4 = pressure at which the VAS exceeded 4, PVAST7 = pressure

at which the VAS exceeded 7, PTT = pressure pain tolerance

3.2.1 Graphing out of trajectories

The trajectories of the VAS were plotted against the pressure, for both the conditions. As an
example, case A showed a good CPM mechanism (figure 4A). They reached a similar VAS
score for the baseline and conditioning experiments (9.88 vs. 9.80) but did so at vastly different
pressures (63.53 kPa vs. 82.35 kPa). In addition, the PDT came much earlier in the baseline
condition (4.71 kPa vs. 22.35 kPa). They also rated the baseline condition to be more painful
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than the conditioning, with an NRS score of 8 and 7, respectively. The AUC values were 290.62
(abs error = 0.02) for baseline and 211.71 (abs error = 0.02) for conditioning.

Another example, case B, on the other hand, did not show a good CPM mechanism
(figure 4B). The PTT they reached was very similar for the baseline and conditioning
experiments (96.08 kPa vs. 96.47 kPa, meaning they finished the experiment both times). The
VAS score was higher for the conditioning experiment however (6.20 vs. 4.67). Further, the
PDT was reached a lot earlier in the conditioning experiment (45.10 kPa vs. 12.94 kPa). Both
conditions were rated to be equally painful, at an NRS score of 4. The AUC values were 163.25
(abs error = 0.002) for baseline and 346.69 (abs error = 0.02) for conditioning.

Using the CPM formula, a good CPM was defined as positive, whereas a bad CPM will
be negative. For case A this meant that they had a good CPM score of 2.00. Case B comes to

a poor CPM score of -1.90.

Baseline and conditioning AUC for case A Baseline and conditioning AUC for case B

Legend 6 Legend

g
Baseline Baseline
=

4 Conditioning 4 Conditioning

A. ¢ 20 40 60 80 100 B 0 20 40 60 a0 100
: Pressure ) Pressure

Figure 4: (A) The trajectories and AUC for the baseline and conditioning experiments graphed out for a randomly
chosen subject (case A), to illustrate a good CPM mechanism. (B) The trajectories and AUC for the baseline and
conditioning experiments graphed out for another randomly chosen subject (case B), to illustrate a poor CPM

mechanism.

Figure 5 shows the merged trajectories of all 49 subjects. The average AUC for
conditioning was significantly smaller than the one for baseline (160.65 vs. 242.46), indicating
that the overall group showed a good CPM. The mean CPM was positive at 0.93, which aligns
with what the numbers and graph show.

We found some significant differences between certain groups. For the conditioning
experiment, the AUC was significantly smaller for women compared to men (127.2 vs. 213.4,
p = 0.048), suggesting that the cuff induces less pain in women. Remarkably, the AUC in the
conditioning condition was significantly higher for the individuals that had consumed alcohol,
compared to those who had not (200.0 vs. 125.9, p = 0.050). Furthermore, the mean PDT during
the conditioning test was significantly higher for the group that had not consumed alcohol (40.7
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kPa vs. 26.4 kPa, p = 0.017). In Average trajectory
addition, the PTT  was 107
significantly higher for the | Baseline

~— Conditioning

exercising group in the

conditioning experiment (91.3

kPa vs. 81.3 kPa, p = 0.042).
The only factor that

VAS

significantly affected the chance

0.04

75 100

of having a good CPM was 0 p

Pressure

being female, which increased Figure 5: Average trajectories of baseline and conditioning
; i ts, f Il subjects.
the odds of having a good CPM experiments, for all subjects
with 8.7 times. This model has an R? of 0.29, and a p-value of 0.025. In the linear model, being

female was again the only factor that significantly contributes to having a higher CPM score.

18



4. Discussion

4.1 Hot and cold pain

This study shows another example of the difference in how the human body perceives heat and
cold stimuli. Almost twice as many participants experienced the ‘hot’ capsaicin cream to
induce discomfort than the ‘cold’ menthol cream did. Men found the menthol cream to be
inducing substantially less discomfort than the capsaicin cream, dropping from 26% to 8%.
Women on the other hand, showed only a minor drop, from 15% to 11%. Among all subgroups,
these are the largest and second smallest drops in percentage. Men gave the capsaicin cream
the second highest average NRS score, whereas women did the same for the menthol cream.
Similar findings are seen on the other side of the spectrum; women have the second lowest
average NRS score for the capsaicin cream, while men have the lowest average NRS score for
the menthol cream.

It thus appears that women can handle hot stimuli exceptionally well, whereas men
struggle the most with this. In line with these sex differences we found, the models show us
that being female reduce the discomfort experienced by the capsaicin cream, as does having a
high self-reported pain tolerance. Previous research has largely indicated the opposite.5-54
However, it must be noted that while these studies were more elaborate than this one, with
multiple testing areas, in none of the studies did the number of participants exceed 30. Further,
it has been shown that progesterone can decrease TRPV1-dependent pain by acting as an
antagonist for Sig-1R, a receptor that modulates calcium signaling.[®®! Since progesterone is
more present in women than in men, even though it elevates and falls with the menstrual cycle,
this mechanism is expected to be stronger in women than in men. When it comes to cold stimuli
induced by the menthol cream, women tend to find it relatively more painful, while men appear
to handle cold stimuli very well. This is in line with the finding that testosterone is an inhibitor
of TRPM8-mediated cold sensitivity, by activation of the androgen receptor on the cell
surface.l®® This inhibition is more present in men than in women, which is a possible
explanation for the difference in responses to the menthol cream.

Leaving aside some exceptions, neither of the creams induced considerable pain or
discomfort in the participants. Both creams generated heavily right-skewed data distribution,

making the creation of models more difficult. It therefore seems likely that due to hardly any

19



individuals experiencing discomfort following menthol cream application to begin with, those

models are not significant.

4.2 CPM

This study provides a new method to determine CPM in a user-independent cuff algometry
experiment. By using this method to determine the CPM, the entire trajectories are used, rather

than just one or a few data points, as is seen in other papers.

4.2.1 Factors that influence CPM

While a plethora of factors have been found to have an influence on the efficiency of one’s
CPM mechanism, and several came close to being significant in the present work, being female
was the only that significantly increased the odds of having a good CPM. Likewise, with the
findings of the capsaicin cream, our findings were not in line with previous research."-61
However, these other studies used either hot and cold pressors as testing and conditioning
stimuli, of which we have shown that there are gender differences too, or they solely looked at
PTT, or both. If we had done the latter too, we also would have found that men have a better
CPM than women do, but this method ignores the VAS score.

Other factors that had an impact were age, activity level, and alcohol consumption.
Curiously, being young, exercising more than twice per week, and having consumed alcohol
all decreased the odds of having a good CPM. Since most of the participants (40/49) were under
40 years of age, and thus classified as young, the distribution was skewed. The defining factor
however is likely to have been the fact that eight out of the nine participants over 40 had a good
CPM. So, this finding is perhaps a result of the small sample size. Regarding the exercise, we
found that the difference between the baseline and conditioning tests were not big for those
who exercise a lot, as they did extremely well in both. Their ability to handle pain may have
influenced their CPM score here. Future research with different stimuli may confirm or deny
this. It also appeared that in this study the negative pain-related outcomes of alcohol were
stronger. This is not surprising, as we expect those who drink regularly to also drink at the
festival, while those who do not drink alcohol often, are more likely to stay away from it during
the festival. Future studies exploring the drinking habits of the participants may shine more
light on this distinction. There is growing evidence that an impaired descending pain
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modulation mechanism is related to chronic painf®, but this remains difficult to study if

medication is used.

4.2.2 Comparison to other CPM methods

Smith and Pedler (2017) used a different method to study CPM. In their study, CPM was
calculated as follows: CPM (%) = (PPT onaitioning — PPThasetine)/PPTpasetine * 100,
where the PPT was determined by asking the participant to press a button at the moment the
sensation of pressure became painful.[] Petersen et al. (2016) defined CPM as the difference
between PDT during and before conditioned pain, i.e. CPM = PDTconaitioning —
PDTyqserine-2* The PDT was referred to here as the pressure at which the VAS score exceeded
2cm (i.e., PVAS2).

In the present study we propose a different method to calculate CPM using the AUC:
CPM = AUCpgsetine/ PTTpasetine — AUCconaitioning/ PTTconaitioning: 8 the  methods
described above may induce false positive or false negative results. We replace PPT by PDT
in the method used by Smith and Pedler (2017)[, as we considered the point where the
participant started sliding the VAS to be the moment when the sensation of pressure became
painful. One subject (case C, figure S4A) had a baseline PDT of 20.39 kPa and a conditioning
PDT of 16.08 kPa. Following the method of Smith and Pedler (2017), this subject had a CPM
score of — 21%, which was poor. The entire trajectory shows us that they have a lower VAS
score at a higher PTT for the conditioning test, however.

In a second example, when the PDT was taken to be the point when the VAS score
surpasses two, as is seen in the method used by Petersen et al. (2016)14, similar discrepancies
come forward. Another subject (case D, figure S4B) had a PVAS2 of 34.51 kPa for the baseline
test and a PVAS2 of 55.29 kPa for the conditioning test. This gives a CPM score of 20.78, per
Petersen et al. (2016). However, despite this, the subject ended up with a higher VAS score in
the conditioning test.

Ina 2017 paper, Graven-Nielsen et al. determined the CPM by looking at the difference
in scores between the baseline and conditioning tests for PDT, PVASG, PTT, and manual PPT,
giving four different CPM scores per subject.[®* This method excels by being able to deduce
the efficiency of the CPM mechanism at different pain or pressure scores. This however is also
possible in our method, as one can easily alter the lower and upper limits which are used for

the integration. The downside is that this method gives multiple CPM scores, which makes it
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challenging to summarize the CPM mechanism in one single value. In addition, not everyone

reaches a VAS score of 6, so there will be some missing CPM scores.

4.3 Sex differences

Our findings, especially regarding sex, contradict many of the conclusions made by previous
studies. The reason for this may be that it is extremely challenging to study differences between
sexes without gender biases.[%%1 Gender norms are being spoon-fed by society to most children,
who will learn that men must be tough and women must be sensitive.[%®! These expectations,
related to both gender and sex, directly influence pain perception and responses.®”l One
particular study has shown that if expectations are removed prior to the experiment, there are
no sex differences in pain sensitivity, tolerance, and score.®® Further, it has been shown that
men who score high on masculinity were able to tolerate more pain, whereas women who
scored high on femininity were more sensitive to pain.[®® These specific examples show how
gender expectations can unintentionally affect studies on pain experiences.

These expectations also trickle through into hospitals, or not, when talking about men.
One participant in a British study said the following about help-seeking and masculinity: “You
don't like to make a fuss because it's a macho thing just to say you're being the strong and silent
type ... You'll endure it, you can take it. So, if there is something wrong you won't talk to
anyone about it. You have to be bed-ridden or half dead before you'll go [to the doctor's].”l""]
In clinical studies, men are often seen as stoic, and they will tolerate pain, sometimes even to
the point where it becomes harmful.l Often, if they do experience pain, they have no desire
to talk about it and would rather push it down.["2 Pain, especially when chronic, is perceived
as a threat to a man’s identity — with good reason, as men with chronic pain are seen as less
masculine and more feminine.[”®!

On the other hand, many studies show that women are more sensitive to pain and more
willing to report that they are in pain.[®®! As a result of these gender expectations and prejudices,
women are more often told to ‘be careful” by their health professionals, whereas men are told
that “pain comes with heavy work’.["*l Furthermore, chronic pain in women is more often
diagnosed to be ‘in the head’ rather than somatic, and women tend to feel mistrusted by their
health professionals.®!

With this in mind, and knowing that gender equality has become a large topic of interest
in young people, we argue that the results found in this study make a lot of sense. Nowadays,

22



gender stereotypes are being challenged left, right and center, especially by the younger
generation. This influences research too, and urges to reevaluate what we think we know. As
most of our sample was born after the start of The Second Feminist Wave in the 1960s[™, it
cannot be ruled out that many are aware of gender stereotypes and these thus had a smaller

impact on this research.

4.4 Limitations
There is quite some disparity on what cut-off points on a VAS, or NRS for that matter, are
defined as mild, moderate and severe pain.’® We followed one definition described by
Boonstra et al. (2014)*, but using a different one may alter the results. Uniformity is crucial
if we want to rely on pain scores more.[’8] Regardless of the cut-off points one uses, someone’s
experiences and personality control for a large part how they rate painful sensations. In
addition, someone’s own perception on their pain tolerance is often not in line with reality.l’"]
The study of CPM has risen tremendously in the past decade or so and is thus fairly
young. It is starting to become an important biomarker for pain and is therefore generating a
lot of interest. This comes with some troubles. There is very little standardization in the
research of CPM, both in the techniques which are used to measure CPM and the
methodologies used.B% This allows us to introduce a new method, which looks at the full
picture of the testing and conditioning stimuli. As it is new, it still needs improvements and
optimization. Currently, the model predicts the odds of having a good or bad CPM, but tells us
little about the efficiency of the CPM mechanism.

23



5. Conclusion

This study proposes that women show less pain sensitivity upon application of a capsaicin
cream than men, and that women have a more efficient CPM mechanism in a cuff algometry
experiment. On the other hand, men show less pain sensitivity when menthol cream is applied.
We thus show that sex is a discriminating factor for pain perception, both on the level of the
PNS, and the level of the CNS.

The proposed method for the calculation of CPM scores can be taken and improved in
further research, so that it can be used to create a scale of efficiency. Extending this research
will improve data collection and knowledge on which factors contribute to CPM and pain

modulation.

Acknowledgements

I would like to thank dr. Niels Eijkelkamp, dr. Mienke Rijsdijk and dr. Hanneke L.D.M.
Willemen for granting me the opportunity to work on this project, and write this thesis using
their experiments and data. 1 would also like to thank Kim Luijken for the guidance she
provided while I was finding my way around R.

Another thanks goes out to the people involved with the experiments at the Betweter Festival,

and everyone who participated.

24



Bibliography

1. Raja, S. N., Carr, D. B., Cohen, M., Finnerup, N. B., Flor, H., Gibson, S., Keefe, F. J., Mogil, J. S.,
Ringkamp, M., Sluka, K. A., Song, X.-J., Stevens, B., Sullivan, M. D., Tutelman, P. R., Ushida, T., &
Vader, K. (2020). The revised International Association for the Study of Pain definition of pain:
Concepts, challenges, and compromises. PAIN, 161(9), 1976-1982.
https://doi.org/10.1097/j.pain.0000000000001939

2. Descartes, R. (1664). L’Homme. Claude Clerselier.

3. IASP Announces Revised Definition of Pain. (n.d.). International Association for the Study of Pain (IASP).
Retrieved May 26, 2022, from https://www.iasp-pain.org/publications/iasp-news/iasp-announces-
revised-definition-of-pain/

4. Raja, S. N., & Dougherty, P. M. (2005). Chapter 1—Anatomy and Physiology of Somatosensory and Pain
Processing. In H. T. Benzon, S. N. Raja, R. E. Molloy, S. S. Liu, & S. M. Fishman (Eds.), Essentials of
Pain Medicine and Regional Anesthesia (Second Edition) (pp. 1-6). Churchill Livingstone.
https://doi.org/10.1016/B978-0-443-06651-1.50005-8

5. Reilly, M. M., & Shy, M. E. (2009). Diagnosis and new treatments in genetic neuropathies. Journal of
Neurology, Neurosurgery & Psychiatry, 80(12), 1304-1314. https://doi.org/10.1136/jnnp.2008.158295

6. Woolf, C. J. (2010). What is this thing called pain? The Journal of Clinical Investigation, 120(11), 3742—
3744, https://doi.org/10.1172/JCI45178

7. Terminology | International Association for the Study of Pain. (n.d.). International Association for the Study
of Pain (IASP). Retrieved June 27, 2022, from https://www.iasp-pain.org/resources/terminology/

8. Ossipav, M. H., Dussor, G. O., & Porreca, F. (2010). Central modulation of pain. The Journal of Clinical
Investigation, 120(11), 3779-3787. https://doi.org/10.1172/JC143766

9. Verhoeft, J. J. C. (2019). A Systematic Review of Devices and Techniquesthat Objectively Measure Patients’
Pain. Pain Physician, 1(22;1), 1-13. https://doi.org/10.36076/ppj/2019.22.1

10. Andrews, P., Steultjens, M., & Riskowski, J. (2018). Chronic widespread pain prevalence in the general
population: A systematic review. European Journal of Pain (London, England), 22(1), 5-18.
https://doi.org/10.1002/ejp.1090

11. Cohen, S. P., Vase, L., & Hooten, W. M. (2021). Chronic pain: An update on burden, best practices, and
new advances. The Lancet, 397(10289), 2082-2097. https://doi.org/10.1016/S0140-6736(21)00393-7

12. Johannes, C. B., Le, T. K., Zhou, X., Johnston, J. A., & Dworkin, R. H. (2010). The Prevalence of Chronic
Pain in United States Adults: Results of an Internet-Based Survey. The Journal of Pain, 11(11), 1230-
1239. https://doi.org/10.1016/j.jpain.2010.07.002

13. Patapoutian, A., Peier, A. M., Story, G. M., & Viswanath, V. (2003). ThermoTRP channels and beyond:
Mechanisms of temperature sensation. Nature Reviews Neuroscience, 4(7), 529-539.
https://doi.org/10.1038/nrn1141

14. Campero, M., Serra, J., Bostock, H., & Ochoa, J. L. (2001). Slowly conducting afferents activated by
innocuous low temperature in human skin. The Journal of Physiology, 535(3), 855-865.
https://doi.org/10.1111/j.1469-7793.2001.t01-1-00855.x

25



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Jordt, S.-E., McKemy, D. D., & Julius, D. (2003). Lessons from peppers and peppermint: The molecular
logic of thermosensation. Current Opinion in Neurobiology, 13(4), 487-492.
https://doi.org/10.1016/S0959-4388(03)00101-6

Caterina, M. J., & Julius, D. (2001). The vanilloid receptor: A molecular gateway to the pain pathway.
Annual Review of Neuroscience, 24, 487-517. https://doi.org/10.1146/annurev.neuro.24.1.487

Dhaka, A., Viswanath, V., & Patapoutian, A. (2006). Trp ion channels and temperature sensation. Annual
Review of Neuroscience, 29, 135-161. https://doi.org/10.1146/annurev.neuro.29.051605.112958

Yang, F., & Zheng, J. (2017). Understand spiciness: Mechanism of TRPV1 channel activation by capsaicin.
Protein & Cell, 8(3), 169-177. https://doi.org/10.1007/s13238-016-0353-7

Wood, J. (1993). Capsaicin in the Study of Pain. Academic Press.

Tominaga, M., & Caterina, M. J. (2004). Thermosensation and pain. Journal of Neurobiology, 61(1), 3-12.
https://doi.org/10.1002/neu.20079

Izquierdo, C., Martin-Martinez, M., Gbmez-Monterrey, |., & Gonzélez-Mufiiz, R. (2021). TRPM8 Channels:
Advances in Structural Studies and Pharmacological Modulation. International Journal of Molecular
Sciences, 22(16), 8502. https://doi.org/10.3390/ijms22168502

Xu, L., Han, Y., Chen, X., Aierken, A., Wen, H., Zheng, W., Wang, H., Lu, X., Zhao, Z., Ma, C., Liang, P.,
Yang, W., Yang, S., & Yang, F. (2020). Molecular mechanisms underlying menthol binding and
activation of TRPM8 ion channel. Nature Communications, 11(1), 3790.
https://doi.org/10.1038/s41467-020-17582-x

Cliff, M. A., & Green, B. G. (1994). Sensory irritation and coolness produced by menthol: Evidence for
selective desensitization of irritation. Physiology & Behavior, 56(5), 1021-1029.
https://doi.org/10.1016/0031-9384(94)90338-7

Green, B. G. (1992). The Sensory Effects of I-Menthol on Human Skin. Somatosensory & Motor Research,
9(3), 235-244. https://doi.org/10.3109/08990229209144774

Wasner, G., Schattschneider, J., Binder, A., & Baron, R. (2004). Topical menthol—A human model for cold
pain by activation and sensitization of C nociceptors. Brain, 127(5), 1159-1171.
https://doi.org/10.1093/brain/awh134

MacDonald, D. 1., Wood, J. N., & Emery, E. C. (2020). Molecular mechanisms of cold pain. Neurobiology
of Pain, 7, 100044. https://doi.org/10.1016/j.ynpai.2020.100044

McKemy, D. D., Neuhausser, W. M., & Julius, D. (2002). Identification of a cold receptor reveals a general
role for TRP channels in thermosensation. Nature, 416(6876), 52-58. https://doi.org/10.1038/nature719

Voets, T., Droogmans, G., Wissenbach, U., Janssens, A., Flockerzi, V., & Nilius, B. (2004). The principle of
temperature-dependent gating in cold- and heat-sensitive TRP channels. Nature, 430(7001), 748-754.
https://doi.org/10.1038/nature02732

Edwards, R. R., Ness, T. J., Weigent, D. A., & Fillingim, R. B. (2003). Individual differences in diffuse
noxious inhibitory controls (DNIC): Association with clinical variables. PAIN, 106(3), 427-437.
https://doi.org/10.1016/j.pain.2003.09.005

Le Bars, D. (2002). The whole body receptive field of dorsal horn multireceptive neurones. Brain Research

Reviews, 40(1), 29-44. https://doi.org/10.1016/S0165-0173(02)00186-8
26



3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Yarnitsky, D., Arendt-Nielsen, L., Bouhassira, D., Edwards, R. R., Fillingim, R. B., Granot, M., Hansson,
P., Lautenbacher, S., Marchand, S., & Wilder-Smith, O. (2010). Recommendations on terminology and
practice of psychophysical DNIC testing. European Journal of Pain, 14(4), 339-339.
https://doi.org/10.1016/j.ejpain.2010.02.004

Fernandes, C., Pidal-Miranda, M., Samartin-Veiga, N., & Carrillo-de-la-Pefia, M. T. (2019). Conditioned
pain modulation as a biomarker of chronic pain: A systematic review of its concurrent validity. PAIN,
160(12), 2679-2690. https://doi.org/10.1097/j.pain.0000000000001664

Yarnitsky, D., Crispel, Y., Eisenberg, E., Granovsky, Y., Ben-Nun, A., Sprecher, E., Best, L.-A., & Granot,
M. (2008). Prediction of chronic post-operative pain: Pre-operative DNIC testing identifies patients at
risk. PAIN, 138(1), 22—28. https://doi.org/10.1016/j.pain.2007.10.033

Petersen, K. K., Graven-Nielsen, T., Simonsen, O., Laursen, M. B., & Arendt-Nielsen, L. (2016).
Preoperative pain mechanisms assessed by cuff algometry are associated with chronic postoperative
pain relief after total knee replacement. PAIN, 157(7), 1400-1406.
https://doi.org/10.1097/j.pain.0000000000000531

Ramaswamy, S., & Wodehouse, T. (2021). Conditioned pain modulation—A comprehensive review.
Neurophysiologie Clinique, 51(3), 197-208. https://doi.org/10.1016/j.neucli.2020.11.002

Riley, J. L. 3rd, King, C. D., Wong, F., Fillingim, R. B., & Mauderli, A. P. (2010). Lack of endogenous
modulation and reduced decay of prolonged heat pain in older adults. PAIN, 150(1), 153-160.
https://doi.org/10.1016/j.pain.2010.04.020

Hackett, J., Naugle, K. E., & Naugle, K. M. (2020). The Decline of Endogenous Pain Modulation With
Aging: A Meta-Analysis of Temporal Summation and Conditioned Pain Modulation. The Journal of
Pain, 21(5), 514-528. https://doi.org/10.1016/j.jpain.2019.09.005

Hermans, L., Van Oosterwijck, J., Goubert, D., Goudman, L., Crombez, G., Calders, P., & Meeus, M.
(2016). Inventory of Personal Factors Influencing Conditioned Pain Modulation in Healthy People: A
Systematic Literature Review. Pain Practice, 16(6), 758-769. https://doi.org/10.1111/papr.12305

Fillingim, R. B., King, C. D., Ribeiro-Dasilva, M. C., Rahim-Williams, B., & Riley, J. L. (2009). Sex,
Gender, and Pain: A Review of Recent Clinical and Experimental Findings. The Journal of Pain, 10(5),
447-485. https://doi.org/10.1016/j.jpain.2008.12.001

Rezaii, T., Hirschberg, A. L., Carlstrém, K., & Ernberg, M. (2012). The Influence of Menstrual Phases on
Pain Modulation in Healthy Women. The Journal of Pain, 13(7), 646-655.
https://doi.org/10.1016/j.jpain.2012.04.002

Wilson, H., Carvalho, B., Granot, M., & Landau, R. (2013). Temporal stability of conditioned pain
modulation in healthy women over four menstrual cycles at the follicular and luteal phases. PAIN,
154(12), 2633-2638. https://doi.org/10.1016/j.pain.2013.06.038

Vaegter, H. B., Fehrmann, E., Gajsar, H., & Kreddig, N. (2020). Endogenous Modulation of Pain: The Role
of Exercise, Stress, and Cognitions in Humans. The Clinical Journal of Pain, 36(3), 150-161.
https://doi.org/10.1097/AJP.0000000000000788

Unruh, A. M. (1996). Gender variations in clinical pain experience. PAIN, 65(2), 123-167.

https://doi.org/10.1016/0304-3959(95)00214-6
27



44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pieretti, S., Di Giannuario, A., Di Giovannandrea, R., Marzoli, F., Piccaro, G., Minosi, P., & Aloisi, A. M.
(2016). Gender differences in pain and its relief. Annali Dell’Istituto Superiore Di Sanita, 52(2), 184—
189. https://doi.org/10.4415/ANN_16_02_09

Zale, E. L., Maisto, S. A., & Ditre, J. W. (2015). Interrelations between pain and alcohol: An integrative
review. Clinical Psychology Review, 37, 57-71. https://doi.org/10.1016/j.cpr.2015.02.005

Nieto, S. J., Green, R., Grodin, E. N., Cahill, C. M., & Ray, L. A. (2021). Pain catastrophizing predicts
alcohol craving in heavy drinkers independent of pain intensity. Drug and Alcohol Dependence, 218,
108368. https://doi.org/10.1016/j.drugalcdep.2020.108368

Edwards, S., Vendruscolo, L. F., Gilpin, N. W., Wojnar, M., & Witkiewitz, K. (2020). Alcohol and Pain: A
Translational Review of Preclinical and Clinical Findings to Inform Future Treatment Strategies.
Alcoholism: Clinical and Experimental Research, 44(2), 368—383. https://doi.org/10.1111/acer.14260

Gibson, S. J., & Farrell, M. (2004). A Review of Age Differences in the Neurophysiology of Nociception
and the Perceptual Experience of Pain. The Clinical Journal of Pain, 20(4), 227-239.

Boonstra, A. M., Schiphorst Preuper, H. R., Balk, G. A., & Stewart, R. E. (2014). Cut-off points for mild,
moderate, and severe pain on the visual analogue scale for pain in patients with chronic
musculoskeletal pain. PAIN, 155(12), 2545-2550. https://doi.org/10.1016/j.pain.2014.09.014

R Core Team (4.0.3). (2020). [Computer software]. R Foundation for Statistical Computing. https://www.R-
project.org/

Hartmann, E., Handwerker, H., & Forster, C. (2015). Gender Differences in Itch and Pain-related Sensations
Provoked by Histamine, Cowhage and Capsaicin. Acta Dermato Venereologica, 95(1), 25-30.
https://doi.org/10.2340/00015555-1894

Gazerani, P., Andersen, O. K., & Arendt-Nielsen, L. (2007). Site-specific, dose-dependent, and sex-related
responses to the experimental pain model induced by intradermal injection of capsaicin to the
foreheads and forearms of healthy humans. Journal of Orofacial Pain, 21(4), 289-302.

Gazerani, P., Andersen, O. K., & Arendt-Nielsen, L. (2005). A human experimental capsaicin model for
trigeminal sensitization. Gender-specific differences. PAIN, 118(1), 155-163.
https://doi.org/10.1016/j.pain.2005.08.009

Frot, M., Feine, J. S., & Bushnell, C. M. (2004). Sex differences in pain perception and anxiety. A
psychophysical study with topical capsaicin. PAIN, 108(3), 230-236.
https://doi.org/10.1016/j.pain.2003.11.017

Ortiz-Renteria, M., Juarez-Contreras, R., Gonzalez-Ramirez, R., Islas, L. D., Sierra-Ramirez, F., Llorente, .,
Simon, S. A., Hiriart, M., Rosenbaum, T., & Morales-L4azaro, S. L. (2018). TRPV1 channels and the
progesterone receptor Sig-1R interact to regulate pain. Proceedings of the National Academy of
Sciences, 115(7), E1657-E1666. https://doi.org/10.1073/pnas.1715972115

Gkika, D., Lolignier, S., Grolez, G. P., Bavencoffe, A., Shapovalov, G., Gordienko, D., Kondratskyi, A.,
Meleine, M., Prival, L., Chapuy, E., Etienne, M., Eschalier, A., Shuba, Y., Skryma, R., Busserolles, J.,
& Prevarskaya, N. (2020). Testosterone-androgen receptor: The steroid link inhibiting TRPM8-
mediated cold sensitivity. The FASEB Journal, 34(6), 7483-7499.

https://doi.org/10.1096/f].201902270R
28



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Arendt-Nielsen, L., Sluka, K. A., & Nie, H. L. (2008). Experimental muscle pain impairs descending
inhibition. PAIN, 140(3), 465-471. https://doi.org/10.1016/j.pain.2008.09.027

Goodin, B. R., Kronfli, T., King, C. D., Glover, T. L., Sibille, K., & Fillingim, R. B. (2013). Testing the
relation between dispositional optimism and conditioned pain modulation: Does ethnicity matter?
Journal of Behavioral Medicine, 36(2), 165-174. https://doi.org/10.1007/s10865-012-9411-7

Granot, M., Weissman-Fogel, 1., Crispel, Y., Pud, D., Granovsky, Y., Sprecher, E., & Yarnitsky, D. (2008).
Determinants of endogenous analgesia magnitude in a diffuse noxious inhibitory control (DNIC)
paradigm: Do conditioning stimulus painfulness, gender and personality variables matter? PAIN,
136(1), 142-149. https://doi.org/10.1016/j.pain.2007.06.029

Ge, H.-Y., Madeleine, P., & Arendt-Nielsen, L. (2004). Sex differences in temporal characteristics of
descending inhibitory control: An evaluation using repeated bilateral experimental induction of muscle
pain. PAIN, 110(1), 72—78. https://doi.org/10.1016/j.pain.2004.03.005

Staud, R., Robinson, M. E., Vierck, C. J. J., & Price, D. D. (2003). Diffuse noxious inhibitory controls
(DNIC) attenuate temporal summation of second pain in normal males but not in normal females or
fibromyalgia patients. PAIN, 101(1), 167—174. https://doi.org/10.1016/S0304-3959(02)00325-1

Ossipov, M. H., Morimura, K., & Porreca, F. (2014). Descending pain modulation and chronification of
pain. Current Opinion in Supportive and Palliative Care, 8(2), 143-151.
https://doi.org/10.1097/SPC.0000000000000055

Smith, A., & Pedler, A. (2018). Conditioned pain modulation is affected by occlusion cuff conditioning
stimulus intensity, but not duration. European Journal of Pain, 22(1), 94-102.
https://doi.org/10.1002/ejp.1093

Graven-Nielsen, T., Izumi, M., Petersen, K. k., & Arendt-Nielsen, L. (2017). User-independent assessment
of conditioning pain modulation by cuff pressure algometry. European Journal of Pain, 21(3), 552—
561. https://doi.org/10.1002/ejp.958

Samulowitz, A., Gremyr, |., Eriksson, E., & Hensing, G. (2018). “Brave Men” and “Emotional Women™: A
Theory-Guided Literature Review on Gender Bias in Health Care and Gendered Norms towards
Patients with Chronic Pain. Pain Research & Management, 2018, 6358624.
https://doi.org/10.1155/2018/6358624

Myers, C. D., Riley, J. L. I., & Robinson, M. E. (2003). Psychosocial Contributions to Sex-Correlated
Differences in Pain. The Clinical Journal of Pain, 19(4), 225-232.

Bartley, E. J., & Fillingim, R. B. (2013). Sex differences in pain: A brief review of clinical and experimental
findings. British Journal of Anaesthesia, 111(1), 52-58. https://doi.org/10.1093/bja/aet127

Robinson, M. E., Gagnon, C. M., Riley, J. L., & Price, D. D. (2003). Altering gender role expectations:
Effects on pain tolerance, pain threshold, and pain ratings. The Journal of Pain, 4(5), 284-288.
https://doi.org/10.1016/S1526-5900(03)00559-5

Alabas, O. a., Tashani, O. a., Tabasam, G., & Johnson, M. i. (2012). Gender role affects experimental pain
responses: A systematic review with meta-analysis. European Journal of Pain, 16(9), 1211-1223.
https://doi.org/10.1002/j.1532-2149.2012.00121.x

29



70.

71.

72.

73.

74.

75.

76.

77.

O’Brien, R., Hunt, K., & Hart, G. (2005). ‘It’s caveman stuff, but that is to a certain extent how guys still
operate’: Men’s accounts of masculinity and help seeking. Social Science & Medicine, 61(3), 503-516.
https://doi.org/10.1016/j.socscimed.2004.12.008

Paulson, M., Danielson, E., & Séderberg, S. (2002). Struggling for a Tolerable Existence: The Meaning of
Men’s Lived Experiences of Living with Pain of Fibromyalgia Type. Qualitative Health Research,
12(2), 238-249. https://doi.org/10.1177/104973202129119865

Ahlsen, B., Mengshoel, A. M., & Solbraekke, K. N. (2012). Shelter from the storm; men with chronic pain
and narratives from the rehabilitation clinic. Patient Education and Counseling, 89(2), 316-320.
https://doi.org/10.1016/j.pec.2012.07.011

Bernardes, S. F., & Lima, M. L. (2010). Being less of a man or less of a woman: Perceptions of chronic pain
patients’ gender identities. European Journal of Pain, 14(2), 194-199.
https://doi.org/10.1016/j.ejpain.2009.04.009

Stenberg, G., Fjellman-Wiklund, A., & Ahlgren, C. (2014). ‘T am afraid to make the damage worse” — fear of
engaging in physical activity among patients with neck or back pain — a gender perspective.
Scandinavian Journal of Caring Sciences, 28(1), 146-154. https://doi.org/10.1111/s¢s.12043

Lear, M. W. (1968, March 10). The Second Feminist Wave. The New York Times.
https://www.nytimes.com/1968/03/10/archives/the-second-feminist-wave.html

Reed, M. D., & Van Nostran, W. (2014). Assessing pain intensity with the visual analog scale: A plea for
uniformity. The Journal of Clinical Pharmacology, 54(3), 241-244. https://doi.org/10.1002/jcph.250

Edwards, R. R., & Fillingim, R. B. (2007). Self-reported pain sensitivity: Lack of correlation with pain
threshold and tolerance. European Journal of Pain, 11(5), 594-598.
https://doi.org/10.1016/j.ejpain.2006.09.008

30



Appendix

Table S1: Demographics for the capsaicin cream

Capsaicin

All subjects (n = 181)

Women (n = 114)

Men (n = 65)

<40 years (n = 137)

> 40 years (n = 44)

Low pain tolerance (n = 14)
Medium pain tolerance (n = 106)

High pain tolerance (n = 60)

1 We denoted an NRS score > 4 to reflect discomfort.

Discomfort?
35 (19.55%)
17 (14.91%)
17 (26.15%)
26 (18.98%)
9 (20.45%)
5 (35.71%)
25 (23.58%)
5 (8.33%)

Mean NRS
229+1.49
218+ 1.44
249+ 155
2.32+1.48
221+152
3.00+2.04
2.49 £ 1.53
1.80+1.10

Pain?

10 (5.59%)
4 (3.57%)
6 (9.23%)
7 (5.11%)
3 (7.14%)
4 (28.57%)
4 (3.77%)
2 (3.49%)

2 Pain refers to the whether the subjects experienced the creams to be painful.

Table S2: Demographics for the menthol cream

Menthol

All subjects (n = 181)

Women (n = 114)

Men (n = 65)

< 40 years (n =137)

> 40 years (n = 44)

Low pain tolerance (n = 14)
Medium pain tolerance (n = 106)

High pain tolerance (n = 60)

1 We denoted an NRS score > 4 to reflect discomfort.

Discomfort?
18 (10.06%)
13 (11.40%)
5 (7.69%)
14 (10.21%)
4 (9.09%)

3 (21.42%)
11 (10.38%)
4 (6.67%)

Mean NRS
1.75+1.42
1.86+1.49
1.57+1.30
1.78+1.43
1.64+1.40
243+1.95
1.75+1.38
1.60+1.34

Pain?

9 (5.03%)
7 (6.25%)
2 (3.08%)
6 (4.41%)
3 (6.98%)
2 (14.29%)
6 (5.7%)

1 (1.70%)

2 Pain refers to the whether the subjects experienced the creams to be painful.
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Reported NRS scores for capsaicin and menthol creams
On a scale from 0 to 10
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Figure S1: Reported NRS scores for capsaicin and menthol creams.

Table S3: Observed frequency of irritation caused by the capsaicin cream.

Circumference | 0 cm lcm 2cm 3cm 4cm 5cm 6 cm 10 cm 16 cm
Count ‘ 162 1 5 6 2 1 1 2 1
Time against Pressure for baseline experiments Time against Pressure for conditioning experiments
For all subjects For all subjects
100 1004
757 751
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Time

Time

Figure S2: Time against pressure build up for baseline and conditioning experiments.
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Figure S3: Observed frequencies for PDT, PVAS4, PVAS7 and PTT in the baseline (left) and conditioning

(right) experiments.
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Figure S4: (A) The trajectories and AUC for the baseline and conditioning experiments graphed out for a subject

(case C), to illustrate a good CPM mechanism, despite a

low PDT for the conditioning test. (B) The trajectories

and AUC for the baseline and conditioning experiments graphed out for another subject (case D), to illustrate a

poor CPM mechanism, despite a higher PVAS2 for the co

33

nditioning test.




Table S4: Overview of mean scores for various subgroups in the CPM experiment.

Baseline Conditioning
Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean CPM
PDT in PVAS4l PVAS7! PTTin VAS at NRS at PDT in PVAS4 PVAS7 PTTin VAS at NRS at

kPa in kPa in kPa kPa PTT PTT kPa in kPa in kPa kPa PTT PTT

All subjects (n=49) | 23.38+ 5281+ 6717+ 8515+ 650+ 6.10 + 3084+ 6121+ 6471+ 8493+ 542+ 537+ 0.93+1.32
14.41 20.81 13.85 17.30 2.67 1.86 20.87 23.34 17.49 19.03 3.17 2.28

Women (n=30) | 2430+ 55.89+ 67.09+ 8492+ 6.41+ 6.23 + 3528+ 6440+ 6373+ 8239+ 514+ 5.43 + 1.18+1.19
15.94 20.20 15.30 17.70 2.84 1.61 18.57 21.73 7.00 20.44 3.12 2.03

Men (n=19) | 2192+ 4727+ 6725+ 8551+ 6.66= 5.89 + 3164+ 56.89+ 6558+ 8894+ 587+ 5.26 + 0.53+1.46
11.87 21.43 12.70 17.13 2.43 2.23 24.34 25.54 23.81 16.27 3.28 2.68

Below40years(n= | 23.66+ 5552+ 66.96+ 86.80+ 641+ 6.18 + 3344+ 6241+ 6169+ 8547+ 542+ 5.55 + 091+141
40) | 14.70 20.87 15.16 16.86 2.54 1.65 20.17 24.76 18.93 19.27 3.06 2.23

Above40years(n= | 2214+ 4127+ 6771+ 7778+ 691z 5.78 + 3556+ 5582+ 7451+ 8253+ 545% 456 £ 1.01 £0.95
9) | 13.78 17.15 10.75 18.34 3.32 2.73 24.96 16.01 5.47 18.80 3.81 2.46

Low pain tolerance (n | 28.73+ 7072+ 4922+ 8579+ 6.58% 6.25 + 3530+ 2432+ 3451+ 8941+ 536z% 475+ 0.33+1.31
=4) | 2842 20.03 22.46 21.37 3.88 2.22 22.56 16.64 30.51 14.39 4.50 2.06

Medium pain | 1946+ 4772+ 67.96+ 8174+ 657+ 6.33 + 2778+ 6126+ 6765+ 8073+ 575% 5.96 + 1.07£1.39
tolerance (n =27) | 12.18 18.13 13.44 18.62 2.64 1.86 18.26 21.87 12.06 21.40 3.20 2.36

High pain tolerance | 28.06 + 58.85+ 7081+ 90.11+ 6.39% 572 £ 4227+ 6784+ 7090+ 9024+ 495% 461+ 0.85+1.25
(n=18) | 12.74 23.49 10.09 13.78 2.60 1.84 22.18 22.07 11.72 14.92 2.95 2.03

No chronic pain(n= | 21.09+ 5392+ 6595+ 8440%x 650 6.21 + 3436+ 6026+ 6359+ 8517+ 538z% 5.49 + 0.97 +1.32
39) | 12.90 20.41 15.14 17.97 2.62 1.84 21.30 24.44 18.91 18.58 3.29 2.26

Chronic pain (n=10) | 32.31+ 48.76+ 7129+ 88.04+ 654+ 5.70 + 3188+ 6476+ 6994+ 8400+ 558+ 490 + 0.74 +1.41
17.13 22.98 7.92 14.89 2.98 2.00 20.09 20.00 8.52 21.72 2.80 2.42

No alcohol | 2229+ 5120+ 6174+ 8127+ 6.33% 6.00 £ 4069+ 6333+ 6402+ 8253+ 4.72% 5.00 + 1.19+1.23
consumption (n = 26) | 12.39 25.08 15.46 19.10 2.54 2.10 19.10 23.03 21.97 22.22 3.35 2.53

Alcohol consumption | 2460+ 5442+ 7092+ 8953+ 6.70+ 6.22 + 2640+ 5965+ 6532+ 8764+ 622+ 5.78 + 0.63+1.39
(n=23) | 16.60 15.90 11.80 14.16 2.84 1.59 20.52 24.08 13.72 14.63 2.81 1.93

Nosports (n=31)% | 2434+ 4834+ 7039+ 8402+ 6.76% 5.90 + 2961+ 6057+ 6760+ 8125+ 571% 5.42 + 0.90+1.41
15.19 20.58 12.39 18.96 2.79 2.02 18.40 23.23 12.14 21.40 3.36 2.61

Sports (n=18)> | 21.72+ 60.07+ 5856+ 87.08+ 6.06+ 6.44 + 4089+ 6250+ 5529+ 9126+ 4.93% 5.28 + 0.97+1.20
13.21 19.67 14.92 14.31 2.45 1.54 23.39 24.65 29.77 12.11 2.83 1.64

INot all subjects reached VAS scores of 4 or 7, so the count in the first column may not apply to these.
2\We took a self-reported activity level of 3 as the cut-off value between sports and no sports.



