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ABSTRACT

Introduction: Chronic pain is a public health
issue, leading to substantial healthcare costs and
diminished quality of life for sufferers. While
the role of anxiety in pain modulation has been
extensively studied, the effects of other emo-
tional states on the body’s pain control mecha-
nisms remain less understood. This study sought
to explore how different emotions (happiness,
anger, sadness, and interest) affect conditioned
pain modulation (CPM) and the wind-up phe-
nomenon in healthy adults.

Methods: This randomized controlled, cross-
over trial involved 28 healthy participants
aged 18-60. Participants watched video clips
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designed to induce specific emotions: happi-
ness, anger, sadness, and interest. Emotional
states were assessed using a 7-point Likert
scale. Pain modulation was measured using
CPM and the wind-up phenomenon. CPM was
assessed with a hot water bath as the condi-
tioning stimulus and pressure pain tolerance
as the test stimulus. Wind-up was measured
using pinprick needle stimulators and a visual
analog scale. Data were analyzed using paired
t tests to compare pre- and post-emotion
induction values.

Results: Significant changes in emotional
self-assessment values were observed for all
emotions. Happiness increased CPM (4.6
+ 11.4, p = 0.04277), while sadness — 9.9 +
23.1, p=0.03211) and anger — 9.1 £ 23.3, p =
0.04804) decreased it. Interest did not signifi-
cantly alter CPM (- 5.1 + 25.8, p = 0.31042).
No significant effects were found for the wind-
up phenomenon across any emotional states.
Conclusion: This study shows that emotional
states significantly affect the body’s ability to
modulate pain. Positive emotions like happiness
enhance pain inhibition, while negative emo-
tions such as sadness and anger impair it. These
findings suggest that emotional modulation
techniques could be integrated into pain man-
agement strategies to improve patient outcomes.
Further research should explore a broader range
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of emotions and include objective measures to
validate these results.

PLAIN LANGUAGE SUMMARY

Chronic pain is a widespread problem that
affects millions of people and leads to high
healthcare costs and decreased quality of life.
Understanding how emotions impact pain
can help us find better ways to manage it. This
study looked at how different emotions (hap-
piness, anger, sadness, and interest) affect the
ability of the body to naturally control pain in
healthy adults. Participants experienced differ-
ent tests in a random order, like flipping a coin
to decide the order. Each participant took part
in all the tests to compare how different condi-
tions affected them. We measured changes in
their pain perception using two methods: con-
ditioned pain modulation, which reflects how
well the body can suppress pain after experienc-
ing another painful stimulus, and the wind-up
phenomenon, which measures how pain inten-
sity increases with repeated stimulation. We
found that emotions affected the body’s ability
to control pain. Sadness and anger reduced the
efficacy of conditioned pain modulation, mak-
ing it harder for the body to reduce pain. Hap-
piness improved CPM, enhancing the body’s
natural ability to stop pain. Interest did not sig-
nificantly change how pain was felt. We also did
not find any significant changes in the wind-up
phenomenon for any of the emotions tested.
The results suggest that positive emotions like
happiness can help reduce pain, while negative
emotions like sadness and anger can make pain
worse. This could lead to new pain management
approaches that include methods to boost posi-
tive emotions and reduce negative ones.

Keywords: Pain; Emotions; Happiness;
Sadness; Anger; Conditioned pain modulation;
Wind-up

Key Summary Points

Why carry out this study?

Chronic pain is a significant public health
issue, affecting millions of individuals and
imposing a substantial economic burden
due to healthcare costs and lost productiv-
ity. Understanding the modulation of pain
by emotional states can help in developing
more effective pain management strategies.

While the relationship between anxiety and
pain modulation has been studied, the effects
of other emotional states on pain modula-
tion remain underexplored, necessitating
further research.

The study hypothesized that different emo-
tional states (happiness, anger, sadness,

and interest) would have distinct effects on
endogenous pain modulation, as measured
by conditioned pain modulation (CPM) and
the wind-up phenomenon.

What was learned from the study?

The study found significant changes in CPM
for sadness, happiness, and anger, but not
for interest. Specifically, sadness and anger
decreased CPM, while happiness increased it.

No significant effects were observed on the
wind-up phenomenon across any of the
emotional states.

The study concluded that emotional states
significantly affect endogenous pain modu-
lation. Specifically, sadness and anger
decreased CPM, while happiness increased it.

The findings suggest that emotional states
can significantly influence endogenous pain
modulation. Positive emotions like happiness
can enhance pain inhibition, while negative
emotions like sadness and anger can impair
it. This highlights the potential for integrat-
ing emotional modulation techniques into
pain management strategies.
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INTRODUCTION

Endogenous pain modulation refers to the
capacity of the central nervous system to regu-
late the transmission of pain signals originating
from nociceptors to the central nervous system.
This can be achieved through either endogenous
pain amplification or inhibition. To obtain com-
prehensive information about this influence,
quantitative sensory testing paradigms have
been devised.

The inhibition of wide dynamic range neu-
rons causes regulation of pain impulses at spinal
cord level via descending pain pathways repre-
senting the body’s own pain inhibition [35].
The function of this system can be determined
through the use of conditioned pain modulation
(CPM) [25]. CPM is defined as a decrease in the
response to a painful stimulus after application
of a second painful stimulus on remote body
areas in comparison to the baseline response.
The test stimulus (TS) is applied as baseline;
then a second painful stimulus, referred to as
the conditioning stimulus (CS), is applied. The
TS is then applied once more and compared to
the baseline response. The difference between
both measurements corresponds to the activity
of the endogenous inhibitory system [21].

The body’s own pain amplification process is
regulated by central mechanisms. The consist-
ent input from polymodal C-fiber nociceptors
leads to the sensitization of dorsal horn neurons
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Fig. 1 Examples from the Russel model, modified accord-
ing to Zupan [50]
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Table 1 Description of the film clips, taken from the publication by Zupan and Eskritt [50]

Film Year Starttime Total time Anticipated emotion Scene description

Enough 2002 18:04 1:43

Lottery Ticket 2010 25:00 1:13

National Treasure 2004 01:47 1:08

Slumdog Millionaire 2008 1:44:44 1:20

Anger

Happiness

Interest

Sadness

A man finds his wife preparing dinner in the
kitchen when he gets home from work.
She confronts him after he kisses her hello
because she can smell the scent of another
lady. In response, he abuses her physically

and emotionally

Sitting in their living room, a teenager and
his grandma watch television while listen-
ing to the winning lotto number being
announced. The adolescent compares the
numbers as the announcer lists them while
holding a ticket in his hand. He informs
his grandma that he has won, but he must
show her the ticket for her to believe him.
Then, the two begin to dance about the

living room and yell

When the picture cuts back in time to a
horse-drawn carriage racing through the
storm’s darkness, it is the grandfather of
the boy who is telling him a story. It was an
older man in the carriage

The man gets out to speak with a younger
man as the carriage comes to a stop.
Concerning a secret, the boy queries his
granddad

On a quiz show, a man requests to call a friend
for help. When the show’s host asks him
who he is contacting while the phone rings,
he replies, “His brother.” The phone keeps
ringing and switches to another scene where
a girl is rushing. The girl answers the phone

just before the host is going to end the call

[20]. The phenomenon of temporal summation
results in a persistent increase in pain percep-
tion when a sequence of identical nociceptive
stimuli is administered [18]. In clinical settings,
this effect is quantified by assessing the “wind-
up” phenomenon [17].

It has been hypothesized that one’s emotional
state may have an impact on endogenous pain

modulation. The negative relationship between
anxiety and CPM has been previously examined
in a comprehensive review by Wiech and Tracey
[45]. Furthermore, it has been demonstrated that
anxiety is associated with increased temporal
summation [37]. Threat on the other hand did
not affect CPM [19]. However, research has not

A\ Adis



Pain Ther (2024) 13:1287-1298

1291

yet explored the correlation between other emo-
tions and these phenomena.

Russell introduced the core affect model,
which categorizes emotions on the basis of
their positive or negative valence or intensity
[39]. Zupan and Eskritt applied this categoriza-
tion to assign the basic emotions described by
Ekman [9, 50]. In addition, they assigned the
state “interest” to the quadrant of positive emo-
tions with low intensity (Fig. 1).

Watching video clips has proven to be a reli-
able method for inducing a range of emotions.
In a study conducted by Zupan and Eskritt a
total of 50 film clips were selected and presented
to 113 participants for evaluation based on the
emotions they elicited [50]. The impact of these
emotionally induced states on the activity of the
autonomic nervous system was assessed using
psychophysiological measurements, such as
recording heart rate variability and measuring
skin conductance. Alterations in these param-
eters can be considered evidence of successful
emotion induction.

The objective of this study is to evaluate the
impact of various emotions on endogenous pain
modulation.

METHODOLOGY

This study was conducted at the Medical Univer-
sity of Graz in a randomized controlled, cross-
over design. The course of the study is shown
in Fig. 2.

The institutional review board of the Medical
University of Graz approved the study protocol
(Ethics committee’s number 34-298 ex 21/22).
The study followed all Austrian and European
laws and regulations, including the Helsinki
Declaration. Participants provided their consent
by signing a written informed consent form.

Recruitment of healthy individuals aged
18-60 years was accomplished through the post-
ing of announcements on public notice boards.
For respondents, further information was pro-
vided by a specialist in anesthesiology and
intensive care medicine who was participating
in the study. Participants received no financial

or other compensation. Exclusion criteria were
defined as history of psychiatric illnesses, his-
tory of vascular disease, and chronic pain dis-
orders. Likewise, the intake of analgesics, anti-
neuropathic drugs, and/or antidepressants were
exclusion criteria.

Interventions

On the basis of a computer-generated rand-
omization list sourced from randomization.
com, four film clips were presented in a specific
order to each participant. Participants were not
informed about the anticipated impact of the
videos on their emotional states. In a controlled
environment without any external audiovisual
disturbances, the four video clips were presented
to the participants on a monitor.

Sequences from the following films are used
to induce emotions [50]: for the emotion happi-
ness, a sequence from the movie “Lottery Ticket”
is shown, for anger from the movie “Enough”,
for interest from the movie “National Treasure”,
and for sadness from the movie “Slumdog Mil-
lionaire” (Table 1). After each video clip, out-
comes were assessed. Afterwards, a neutral video
clip with a calm nature shot was shown for 30 s
to reduce potential carryover effects [11]. As in
the Zupan study, participants were not asked if
they knew the original movies [50].

Initial Examination

Participants were requested to fill out a question-
naire that includes information on their demo-
graphic background. Patients were asked about
any acute or chronic pain, and the consumption
of analgesics or co-analgetic drugs, including
antidepressants or gabapentinoids. The Central
Sensitization Inventory (CSI) [27] was adminis-
tered once to evaluate any changes in the sense
of central sensitization. In order to ensure we
only included healthy volunteers, participants
with an increased CSI score were excluded from
the study. The Short Suggestibility Scale (SSS)
was included into the trial to measure an indi-
vidual’s ability to respond to suggestions [24].
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Table 2 Participants characteristics

Height (cm) 172.4+9.0

Weight (kg) 71.8+14.6
Age (years) 325+123
Central Sensitization Inventory (CSI) 20.8+10.2
Short Suggestibility Scale (SSS) 68.7+10.9

Central Sensitization Inventory

The CSl is a self-administered assessment instru-
ment, designed to evaluate the presence and
severity of central sensitization symptoms. It
comprises a total of 35 questions. The score,
which ranges from 0 to 100, reflects the extent
of symptoms indicative of central sensitiza-
tion. A higher score indicates a greater degree of
symptoms [27]. The CSI was used to ensure that
there was no central sensitization in the volun-
teers before inclusion. A cutoff value of 40 was
defined according to previous literature [33].

Short Suggestibility Scale

The SSS is the short form of the multidimen-
sional lowa Suggestibility Scale and assesses sus-
ceptibility to the acceptance and internalization
of external influences. The scale consists of 21
items, which are divided into the following cat-
egories: consumer suggestibility, persuasibility,
sensation contagion, physiological reactivity,
and peer conformity [24].

Table 3 Main results

Outcome Parameter

The outcome parameters were assessed as base-
line measurement before the first video clip, and
after every clip in a predefined sequence: Subjec-
tive self-assessment, CPM, wind-up.

Self-Assessment

The subjective self-assessment of affect was rated
using a 7-point Likert scale from 1 “not at all”
to 7 “very strongly” for the three emotions and
general arousal. Participants were asked to rate
their current emotional state for each emotion
and arousal before and after each video clip.
Higher values correspond to higher intensity
of emotions. The higher the value, the more
intensely the emotion was perceived [16].

Conditioned Pain Modulation

The approach outlined by Mertens et al. served
as a standard for assessing CPM [29]. The condi-
tioning stimulus in this case is a hot water bath.
To facilitate habituation, the non-dominant
hand is initially immersed in a water bath at a
temperature of 37 °C for a period of 10 s. This
is succeeded by a bath at 46 °C for a duration of
2 min. The test stimulus is pressure pain toler-
ance (PPT, kg/m?2). This is measured before and
at the end of the heat exposure using a pressure
algometer on the adductor pollicis brevis muscle
of the dominant hand. The relative CPM effect
is calculated as follows [29]:

(PPTbefore heat — PPTafter heat)/ PPTbefore heat*

CPM mean difference pre/ P

Wind-up mean difference pre/ P

post post
Sadness -99+23.1 0.03211 —-0.089+0.817 0.56792
Happiness 46+11.4 0.04277 —-0.303+0.809 0.05731
Anger -9.14£233 0.04804 —-0.1964+0.774 0.19041
Interest -5.1+258 0.31042 —0.0893 +0.667 0.48508

Conditioned pain modulation (CPM) results are reported in percentage points, wind-up differences as difference in the ratio
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Wind-up

Pin prick needle stimulators with an intensity of
256 mN were utilized to determine the wind-up
phenomenon. The sensitivity of the skin on the
ball of the thumb to a single stimulus is com-
pared with sensitivity to a series of stimuli (10
needle stimuli). Stimulation is performed at a
stimulation frequency of 1 Hz. The participant
assesses the applied stimuli, both the single
stimulus and the entire stimulus series, using
a visual analog scale (VAS 0-100). The wind-up
quotient is calculated from the ratio of the per-
ceived pain intensity over the series of stimuli
divided by the pain intensity after the single
stimulus [31].

Sample Size and Statistical Analysis

As the current literature did not allow one to
draw conclusions about the expected effect of
the different stimuli on the main target variable,
a sample size of 25 test subjects was defined for
the present study. Significance level was defined
at 0.05.

The differences between pre and post were
expressed by percentage points or difference of
the wind-up ratio. After normality was evaluated
using the Kolmogorov-Smirnov test, pre and
post measurements were compared by t test for
paired samples. The Pearson R was calculated for
evaluating correlations.

RESULTS

Between July 2022 and February 2023, a total
of 28 participants were included in the study
(13 men and 15 women). All participants com-
pleted the study according to the protocol. Par-
ticipants’ characteristics are presented in Table 2.

Significant differences in emotional self-
assessment values were observed before and
after viewing the video clips. The self-assess-
ment value for sadness increased from 1.4+0.9
to 2.6+1.1 (p=0.00001), happiness scores
increased from 4.5+1.6 to 5.3+ 1.3 (p=0.00006),
anger scores increased from 1.2+0.6 to 4.0+ 1.8

(p=0.00001), and interest scores increased from
1.0£0 to 3.25+£1.6 (p=0.00001).

Table 3 presents the main results. Significant
changes in CPM for sadness, happiness, and
anger, but no significant changes for interest.
Specifically, the CPM mean difference pre/post
for sadness was — 9.9+£23.1 (p=0.03211), for
happiness it was 4.57+11.4 (p=0.04277), for
anger it was — 9.1+23.3 (p=0.04804), and for
interest it was — 5.1+25.8 (p=0.31042).

Furthermore, there were no significant
effects observed on the wind-up phenomenon
across any of the emotional states. The wind-
up mean difference pre/post for sadness was
- 0.089+0.817 (p=0.56792), for happiness
was — 0.303+£0.809 (p=0.05731), for anger was
- 0.1964+0.774 (p=0.19041), and for interest
was — 0.0893+0.667 (p=0.48508).

The Pearson correlation coefficient between
the CPM and the wind-up mean difference pre/
post and the SSS was R<0.2 for both parameters
and all emotions, indicating a weak correlation.
Additionally, when potential gender effects were
analyzed, no significant differences were found
in either CPM or wind-up for any of the four
emotions.

DISCUSSION

Emotions and pain are related in a complex,
bidirectional relationship. Despite clear concep-
tional and functional overlaps, research on their
interaction is still limited [14]. Emotional experi-
ences were shown to modulate pain perception
[15]. On the other hand, anhedonia is highly
prevalent in individuals with chronic pain [13].
Additionally, factors such as exercise, stress, and
cognitive strategies can further modulate pain
perception [43]. Recent studies confirmed the
pivotal role of the amygdala in both emotion
and pain processing [28].

Our data demonstrate that short-term altera-
tions of emotions are capable of influencing
endogenous pain modulation. Furthermore,
we concentrated on two central mechanisms in
pain processing: CPM and wind-up.

CPM describes a “pain inhibits pain” phe-
nomenon, where a spatially remote painful
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stimulus (conditioning stimulus) changes the
perceived intensity of a test stimulus. Although
traditionally regarded as measure for the
descending inhibitory system, recent research
has shown that propriospinal processes may
also be involved [32]. However, it is still one of
the pivotal tests to assess the effectiveness of the
physiological pain inhibition [41].

The wind-up phenomenon refers to the
progressive increase in pain intensity with
repeated stimulation at a constant intensity.
This phenomenon is primarily attributed to
the activation of N-methyl-p-aspartate (NMDA)
receptors in the spinal cord, leading to a
heightened response to peripheral nociceptive
inputs. It is a pivotal concept in pain medicine
as it contributes to the maintenance of pain
states [7].

Our data showed that emotions influence
CPM. For wind-up, we could, however, not show
a significant effect. Previous research showed
that patients with chronic affective disorders
show reduced CPM [32]. Furthermore, the effect
of antidepressants on pain was shown to cor-
relate with CPM [48]. This effect is achieved
by increasing 5-HT in synaptic junctions [42].
Our data not only confirms these findings in
a healthy population but also shows that the
effect is not only valid for emotions with a nega-
tive valence; happiness, as an emotion with pos-
itive valence, was shown to have a pronounced
effect in the other direction. This suggests that
in the context of pain medicine, not only should
negative emotions be avoided or treated but that
positive emotions can also be used to prevent or
even treat pain.

The effect of anger on pain perception is com-
plex. Multiple studies have examined the influ-
ence of anger induction on pain sensitivity in
individuals with pain conditions or in healthy
individuals. These studies have consistently
observed an increased responsiveness to experi-
mental pain stimulation [3, 44]. Additionally,
the way in which anger is managed can poten-
tially affect an individual’s sensitivity to pain.
Specifically, individuals who are more inclined
to express anger through physical or verbal
means (referred to as the anger-out style) exhibit
heightened sensitivity. This has been observed
in the context of both experimental pain and

acute postsurgical pain [1, 4, 34]. Endogenous
opioids were shown to play a role [5].

In contrast to anger, the literature for the
effect of sadness on pain is still very limited.
Especially in chronic conditions, there is fre-
quently an imprecise distinction with depres-
sion [2]. Acute sadness increases the intensity
of experimentally induced pain in both healthy
volunteers and patients with pain chronification
[44, 49]. These findings could be correlated to
changes in the cortical oscillation in the electro-
encephalogram (EEG).

Until now, there were no reports on the effect
of these two negative emotions on CPM. We
could show that anger and sadness both reduce
the effect of CPM.

Although the impact of positive emotions on
pain has not been investigated as frequently as
negative emotions, several studies have dem-
onstrated their capacity to mitigate discomfort
[12]. Both supraspinal modulation and descend-
ing pain modulation are believed to play a role,
as indicated by a decrease in the spinal nocicep-
tive reflex following positive emotion induction
[36, 38, 46]. This may contribute to the positive
effect of happiness on CPM in our sample.

Attention and nociception are inherently
interconnected and possess a reciprocal relation-
ship with one another [30]. Pain has the capac-
ity to captivate attention involuntarily, espe-
cially when it is severe, novel, or menacing [26].
Conversely, directing attention away from pain
can prevent its further processing and result
an analgetic effect [22]. However, our results
showed that this does not result in a reduced
CPM. One could argue that the application of
the conditioning stimulus causes the attention
that was previously focused on the content of
the movie to be shifted to the pain. Compared
to the induced emotions, interest may be less
stable.

Yarnitsky introduced a concept of profiling
pain modulation by psychophysiological test-
ing based on CPM and temporal summation [47,
48]. Both a less efficient pain inhibition and an
enhanced facilitation may result in pronocicep-
tive states. In our experiments, wind-up was not
significantly affected. Therefore, one can con-
clude that negative emotions promote a pain
modulation profile of inhibitory nociception
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(i.e., normal temporal summation and impaired
CPM).

Limitations

Our study has several limitations that warrant
consideration. Firstly, the emotional effects
induced by the movie clips were relatively mild.
Various methods for the induction of emotions
are described [23]. Video clips combine visual
and auditive signals, and are therefore regarded
as potent inductors [40]. A meta-analysis con-
firmed that video clips have a large effect in
inducing emotions, which is even more pro-
nounced in negative affect [10]. By assessing
self-reported affect, we could demonstrate that
the video clips achieved significant alterations
to the emotional state. The effect in our sam-
ple, however, was only mild. Nevertheless, it
was intense enough to cause a change in endog-
enous pain modulation.

Additionally, the sample size was small, with
only 28 participants. This limited sample size
reduces the statistical power of our findings and
may impact the generalizability of the results.
A larger sample size would provide more robust
data and improve the reliability of the conclu-
sions drawn.

Age could be a potential confounder in emo-
tional response. However, the age range of our
sample was comparable to the Zupan study [50].
We therefore do not suppose that there may be
a negative influence of age on the validity of the
emotional inductions.

Individuals may experience different emo-
tional reactions to the same clip, which may be
influenced by life events. The current study did
not exclude or evaluate any potentially trigger-
ing content.

Additionally, our study focused on only four
emotions: happiness, anger, sadness, and inter-
est. This limited range may not capture the full
spectrum of emotional influences on pain mod-
ulation. Future research should explore a broader
array of emotions, including fear, disgust, and
surprise, to provide a more comprehensive
understanding of the relationship between emo-
tions and pain modulation. Finally, the corre-
lation between the wind-up phenomenon and

the SSS was weak, suggesting that suggestibility
may not significantly impact wind-up. Further
research is needed to explore this relationship
and to evaluate the appropriateness of using the
SSS in this context.

Clinical Application

From our data we can derive two hypotheses for
clinical application: as video clips that induce
happiness are effectively reducing pain, we
propose they should be promoted as tools for
painful procedures. However, prior attempts to
present videos in acute pain situation showed
mixed results [6, 8]. Unfortunately, in these
studies there was no focus on the emotional
component, as videos were primarily used as a
distraction. As we have shown, inducing interest
is not enough to influence pain perception in a
relevant magnitude. Our data suggest that such
studies could achieve even better results with
video clips that induce happiness.

Moreover, negative emotions can alter central
modulation of pain and result in increased pain
perception. Therefore, more attention should
be paid to avoiding negative emotions in acute
pain situations.

CONCLUSION

Our data show that the induction of emotions
affects pain. Happiness increased CPM, while
anger and sadness decreased it. Interest did not
alter CPM. Therefore, the valence of emotion
has a direct influence on the amount of CPM.
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