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ABSTRACT ARTICLE HISTORY
Music listening may decrease pain via psychobiological mechanisms. Music listening Received 21 March 2025
style (MLS) influences music processing: Music empathizers (ME) focus on emotional Accepted 16 August 2025

aspects of music, whereas music systemizers (MS) focus on structural aspects, potentially KEYWORDS

affecting processes of music-induced analgesia. The effects of the MLS on music-induced Music listening style;
analgesia might depend on the source of music selection (i.e. who selects the music) music empathizing; music
and gender. Different psychological mechanisms, such as stimulus-induced emotions systemizing; pain;

and subjective stress, might mediate the effects of an empathizing versus systemizing psychological

MLS on pain. The purpose of this study was (a) to test how MLS influences pain during mechanisms; emotions;
music listening, depending on the source of music selection and gender, and (b) to subjective stress
explore underlying psychological mechanisms. 61 participants (age: M=24.23, SD=3.85;

four groups: male/female ME/MS) listened to stimuli (participant-selected/

researcher-selected music/control) during cold pressor tests. Pain intensity, pain

tolerance, and psychological mechanisms (stimulus-induced emotions, subjective stress)

were repeatedly measured. Multilevel and mediation analyses were conducted. The

MLS did not directly influence pain, but female ME were most pain sensitive with

participant-selected music. Pain was tolerated longest for participant-selected music.

The effect of MLS on pain intensity was not mediated by stimulus-induced emotions

but by subjective stress. Our results indicate that music increases pain tolerance the

most when participants select it. However, we found initial evidence that women

scoring high on ME show increased pain when listening to their self-selected music. We

also found initial evidence for the importance of subjective stress as a potential

mechanism in the context of music-based pain management.

Introduction

Music has become an important tool in pain management (Arnold et al, 2024; Browning, 2000;
Lee et al., 2023). Previous studies have suggested that personality variables might influence music-induced
analgesia (Howlin & Rooney, 2021; Nyakairu Doreen, 2024), such as the music listening style (MLS) (Kreutz
et al,, 2008; Linnemann et al., 2018), which indicates which aspects of music a person focuses on during
music listening. While so-called music empathizers (ME) focus on emotional aspects, music systemizers
(MS) focus on structural aspects (Kreutz et al., 2008) (for example items see S1). Given the different focus
on specific aspects of music, it is conceivable that separate psychological processes might underpin
music-induced analgesia in ME and MS, such as emotion regulation mechanisms or attention-related
processes. While the effects of the MLS on pain have not yet been investigated, a study on cognitive
agency in music interventions found increased pain tolerance in the context of music listening in indi-
viduals with higher trait empathy, which was also associated with higher emotional engagement with

CONTACT Urs M. Nater @ urs.nater@univie.ac.at @ Department of Clinical and Health Psychology, Faculty of Psychology, University of
Vienna, Vienna, Austria.

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/10253890.2025.2551003.

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms
on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

Konstanze©Online-Publikations-Syste(KOPS)
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-2-1beaeolgt8¢


http://orcid.org/0000-0001-6355-9141
http://orcid.org/0000-0003-0655-4621
http://orcid.org/0000-0002-4076-8159
http://orcid.org/0000-0002-0371-3730
http://orcid.org/0000-0001-9586-241X
http://orcid.org/0000-0002-2430-5090
https://dx.doi.org/10.1080/10253890.2025.2551003
mailto:urs.nater@univie.ac.at
https://doi.org/10.1080/10253890.2025.2551003
https://doi.org/10.1080/10253890.2025.2551003
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2025.2551003&domain=pdf&date_stamp=2025-9-5
http://www.tandfonline.com
htp://www.tandfonline.com

2 ‘ R. M. MAIDHOF ET AL.

music (Howlin & Rooney, 2021). While this study has investigated individuals concerning their trait empa-
thy toward other persons, it is conceivable that the analgesic effect of music may even be stronger in
individuals who strongly empathize with the music itself. In line with this, if individuals generally empa-
thize strongly with music (i.e. ME), one could assume that their emotional engagement with music might
be strong, potentially serving as a major mechanism for the pain-reducing effects of music for these
individuals and possibly associated with strong music-induced emotions. In this context, especially emo-
tionally relevant music (i.e. music selected by participants) could be particularly pain-reducing for indi-
viduals who strongly empathize with music (ME). As any music contains structural elements, which MS
focus on (Kreutz et al., 2008), MS might show stronger engagement with researcher-selected music than
ME, associated with stronger pain reduction.

When investigating the effects of the MLS on pain during music listening, the source of music selec-
tion may be relevant, referring to the person who selects the music. In a previous study, a stronger
preference for the music genre that participants listened to during a pain test was associated with a
prolonged pain tolerance (Van der Valk Bouman et al., 2024). Similarly, previous research revealed stron-
ger music-induced analgesia when participants had at least some control over the selection (Garza-Villarreal
et al,, 2017; Kiihlmann et al., 2018; Vetter et al., 2015). In line with this, favorite participant-selected music
reduced pain intensity more than researcher-selected relaxing music and more than silence in a study
by Valevicius et al. (2023). In addition, liked music significantly lowered pain ratings to acute painful
stimuli compared to disliked music and no music (Lu et al, 2023), and preferred music yielded higher
pain thresholds than disliked music and lower perceived pain intensity during the stimulus (Timmerman
et al,, 2023). Furthermore, participants’ pain threshold and pain tolerance were reported to be higher
when listening to favorite music compared to unwind music and white noise (Colebaugh et al., 2023). It
therefore seems that especially emotionally relevant (participant-selected) music has stronger
pain-reducing effects than emotionally less relevant music. This effect might be especially strong for
those who interpret music more emotionally (ME).

Furthermore, as gender effects were observed in the occurrence of music listening styles, these must
also be taken into account when investigating the effects of MLS in the context of music-induced anal-
gesia: Women are more often categorized as ME, and men more often as MS (Linnemann et al,, 2018).
While no gender differences emerged regarding music-induced analgesia during medical procedures
(Kihlmann et al., 2018), a study on music presentation during experimentally-induced pain revealed dif-
ferent results: The increase in pain tolerance from a condition with no music presentation during
experimentally-induced pain to a condition with preferred music during experimentally-induced pain was
stronger in healthy women than in healthy men (Ghaffaripour et al, 2013). However, the MLS of the
investigated persons in these studies is unclear. It is conceivable that an empathizing MLS, which is more
prominent in women than in men (Linnemann et al., 2018) plays a role for the observed gender effects
in the study by Ghaffaripour et al. (2013) rather than gender alone. In turn, it is necessary to consider
possible gender effects when investigating MLS in the context of music-induced analgesia. To date, it is
unclear whether pain responses of ME and MS indeed differ between participant-selected and
researcher-selected music and whether these effects are gender-specific. Therefore, the present study
aims to investigate the effects of the MLS on pain and whether they depend on influences of the source
of music selection (i.e. who selects the music) and gender.

With regards to potential mechanisms, specific psychological processes have been suggested to
underlie music-based analgesia, such as, for example, stimulus-induced emotions (Lunde et al., 2019) and
subjective stress (Linnemann et al., 2015; Wuttke-Linnemann et al., 2020). After a closer look at the liter-
ature of music-induced analgesia in the context of the MLS, it becomes clear that there may be separate
psychological processes underlying music-induced analgesia in ME and MS. So far, the underlying mech-
anisms of music-based analgesia in ME and MS are unclear. Following the aforementioned reasoning that
ME may show higher emotional engagement with music in the context of music-based analgesia than
MS, this would suggest that stronger emotions might be induced by music in ME than in MS, which in
turn might be associated with a reduction in pain. It is therefore possible that listening to music could
function particularly in ME as an important emotion regulation mechanism when pain occurs. Similarly,
due to the focus on emotional aspects of music in ME, listening to specifically relaxing music could
possibly reduce subjective stress more strongly in ME than in MS. It is still unclear and should be further
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investigated whether music-induced emotions and subjective stress play a stronger mediating role in ME
than in MS. Therefore, as a secondary question, the present study aims to investigate whether
music-induced emotions and subjective stress play a stronger mediating role in ME than in MS.

This study investigates the role of the MLS for music-induced analgesia, potential influences of the
source of music selection and gender, and potential underlying psychological mechanisms of the effects
of the MLS on music-based analgesia (for detailed hypotheses see Table 1). We assume that (1) the
effects of the MLS on pain depend on the source of music selection (i.e. who selects the music) and
gender, and that (2) the effects of the MLS on pain are mediated by music-induced emotions and sub-
jective stress.

Methods
Design

In the current experimental laboratory study examining the effects of MLS on pain responses, healthy
ME and MS underwent three conditions (participant-selected music, researcher-selected music, sound of
lapping water; randomized order) during a cold pressor test (CPT). Every participant underwent all three
conditions, with each condition being presented on a different day (see Figure 1). Measurements took
place between September 2014 and May 2016, and assessments were conducted between 11:30 and
18:00. This study is part of a larger project that received approval from the ethics committee of the
University of Marburg (Department of Psychology, reference number 2014-25k). Two further manuscripts
are currently published/ in preparation with one covering the effects of music listening on stress and
mood responses (Maidhof et al., 2023) and the other manuscript targeting characteristics of music stimuli
(Maidhof et al., In prep.). The study was conducted following the guidelines of the Declaration of Helsinki.

Participants

After the recruitment phase (for details see S2), participants were assessed for MLS using the Music-
Empathizing-Music-Systematizing (ME-MS) Inventory. Eligibility criteria (for details see S3) were an empa-
thizing or systemizing MLS, fluent German language skills, age 18-35years, body mass index (BMI) < 30,
no chronic physical disease (cardiovascular disease, arterial occlusive disease, Raynaud’s syndrome, hear-
ing impairment, severe visual impairment), no intake of pain medication, no illegal drug consumption,
smoking <five cigarettes per week, no medication intake or treatment with neuroendocrine, autonomic
or immunological impact (intake of oral contraceptives was no exclusion criterion), no current psycho-
logical disorder, no menstrual irregularities, no pregnancy, no breastfeeding, and no music-related pro-
fession. Participation was voluntary. All participants signed informed consent before participation. As
compensation, each participant received either 40 Euros or course credit.

Sample size

The sample size was calculated using an online sample size calculator for hierarchical multiple regression
(Soper, 2012), applying an anticipated effect size of 2 = .20 (based on the effect size reported in a review

Table 1. Detailed hypotheses.

Research questions Detailed hypotheses
1. How do MLS and gender modulate the 1. Music listening influences pain differently depending on the MLS.
effects of music listening on pain responses? (a) ME will show lower pain intensity response and higher pain tolerance during a

pain test when listening to PS favorite relaxing music compared to RS music and a
control stimulus. MS will show lower pain intensity response and higher pain tolerance
when listening to RS relaxing music compared to ME.
(b) Male MS and female ME will show different pain responses compared to male ME
and female MS, respectively.
2. Which psychological mechanisms underlie the 2. In a secondary analysis, we will investigate which psychological mechanisms play a role
observed effects? in the observed effects of MLS on pain responses. We will explore how MLS influences
pain responses via music-induced emotions and subjective stress.
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Figure 1. Overall procedure in the course of the study.
Note. CPT=cold pressor test.

for the effect of music on experimentally induced pain (Cepeda et al., 2006)), a power of .80, an alpha
level of .05, and four predictors (MLS, Gender, Time, Condition), resulting in a minimum required sample
size of 60. One additional participant (female ME) was recruited due to a data entry error. Data from this
participant were later retained in the analysis to compensate for missing values of other participants,
resulting in a total sample size of 61 participants (15 male ME, 16 female ME, 15 male MS, 15 female
MS). Importantly, we decided on the sample size based on our main research question. Therefore, the
findings of detailed underlying mechanisms need to be only interpreted cautiously as first insights into
processes that previous research has widely neglected (see limitations).

Procedure

Participants first completed the ME-MS Inventory to determine their MLS. Those interested in the exper-
imental study were contacted for further screening. A telephone-based interview was conducted to
check general eligibility. Subsequently, participants received an e-mail with study details and a consent
form. They were invited to come to the laboratory on three days within two weeks and bring self-selected
music. The day before the first laboratory appointment, participants completed detailed online screening
questionnaires. Female experimenters interacted with the participants in the laboratory. Participants were
instructed not to eat in the laboratory, to only drink the water provided by the investigators, and were
fitted with electrocardiography (ECG) electrodes. It needs to be noted that ECG data was collected in this
project but not analyzed in the current paper. ECG data was analyzed in another paper that was pub-
lished as part of the same project but with different hypotheses and a focus on the activity of
stress-responsive systems (Maidhof et al., 2023). Each laboratory assessment started with a 30-minute
baseline resting phase, followed by a saliva collection, stress ratings, and pain intensity ratings. Similar to
ECG data, the analysis of saliva samples was not part of the current paper but part of another paper with
different hypotheses and a focus on activity of stress-responsive systems (Maidhof et al, 2023).
Subsequently, the CPT was introduced, which was described as a test to induce pain and stress. Directly
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before the CPT, another saliva sample was collected and stress was rated again. The CPT involved immers-
ing the dominant hand in cold water, while participants listened to one of the three acoustic stimuli.
After the CPT, pain tolerance, pain intensity, and subjective stress were measured, and another saliva
sample was collected. In the recovery period, both 20minutes (rec 1) and 35minutes (rec 2) after the
start of the CPT, participants provided another saliva sample and rated subjective stress and pain inten-
sity. This study is part of a larger-scale project that will result in several articles targeting different research
questions. Additional questionnaires were therefore collected as part of the project, which are not rele-
vant to this article. For an overview of the study procedures, see Figure 1 and supplement Figure F1.

Acoustic stimuli

Participants were instructed to bring a favorite relaxing song and an arousing song to the laboratory,
but only the relaxing song was used as a stimulus. Intervention programs often aim to reduce the activ-
ity of stress-responsive systems (Nash & Thebarge, 2006) or increase parasympathetic activity in order to
reduce pain (De Couck et al., 2014). As relaxing music appears to be more capable of downregulating
the stress-responsive systems than stimulating music (Chanda & Levitin, 2013), we decided to use relax-
ing music for pain management in our study. In addition to relaxing music, participants were instructed
to bring an arousing song for mainly two reasons, namely to disguise the study’s intent and to reduce
expectation effects. By bringing the two songs to the laboratory, the participants may have assumed that
one purpose of the study was to compare relaxing to arousing music. If participants were only asked to
bring one song, they may have guessed correctly that one purpose of the study was to compare
participant-selected music to researcher-selected music. As a result, participants may have (unconsciously)
acted in ways that would confirm what they assumed the researchers aimed to find. Asking the partici-
pants to bring an additional arousing song might mask the real hypotheses and reduce expectation
effects at least to some extent. However, participants were informed about the true hypotheses of the
study after their participation. Beside the relaxing participant-selected song, the other used stimuli were
a researcher-selected relaxing song (“Carnelian” from New World Music’s “An Introduction to Music to
Relax, Inspire and Uplift You’, Volume Three) and the sound of lapping water as a control stimulus
(“Meeresrauschen” from Arnd Stein’s “Naturgerausche’, Volume 1). The order of presentation was random-
ized. Participants were blinded regarding the stimulus that would be presented via headphones during
the CPT on the three days. The acoustic stimuli were presented when the participant submerged his/ her
hand into the water of the CPT and stopped when the hand was removed. All stimuli were normalized,
and volume was individually adjusted on the first day in the laboratory based on each participant’s pref-
erences and was kept constant throughout. Accordingly, volume was the same between the conditions
within one participant, and different between participants. For more details, see S4.

Measures

Patient Health Questionnaire

To screen participants’ mental health, we used the German version of the Patient Health Questionnaire
(PHQ-D; Lowe et al.,, 2002) before the laboratory assessments. This self-report questionnaire consists of
78 items assessing the most common mental disorders (Grafe et al., 2004). Many of the items are filter
questions and the majority of questions are only asked if the main criteria are fulfilled. Items are rated
on two- to five-point scales. Internal consistency for the non-categorical scales of the PHQ-D lies between
a = .79 and .88 (Gréafe et al., 2004).

ME-MS inventory

To assess participants’ MLS, we applied the German version of the self-report ME-MS Inventory (short
version) (Linnemann et al.,, 2018), which comprises 18 items rated on a four-point scale (from “strongly
agree” to “strongly disagree”; for example items see S1). Respondents are categorized as ME, MS, or
Balanced based on cutoff scores. In the validation study by Linnemann et al. (2018), a confirmatory factor
analysis revealed two factors, ME and MS (CFl = .87; GFl = .93), with reported adequate internal consis-
tency (o = .75, ays = .78).
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Pain measures (dependent variables) and apparatus

Cold pressor test (CPT)

For the induction of pain and stress, we applied the CPT, a reliable and valid method to induce pain in
laboratory experiments (Edens & Gil, 1995). In the CPT, participants were asked to place their dominant
hand in cold water for as long as possible (at approximately 3°C). If a participant’s hand remained in the
water for three minutes, he/ she was asked to immediately remove it to minimize cold-related health
risks. A custom-made CPT was built for the study, consisting of a bucket filled with water and ice cubes
at the bottom covered by a grid to keep the ice cubes in place. The water temperature was controlled
with a thermometer. A pump was used to mix the water under the grid where the ice was located, with
the water above the grid where the participant’s hand was located. In this way, the pump mitigated the
temperature increase over time. The advantages of the CPT compared to other experimental pain induc-
tions include its high safety level, a high degree of participant control, and quick pain reduction when
the hand is removed from the water (Edens & Gil, 1995).

Pain intensity

To investigate acute pain intensity, participants completed a visual analogue scale (VAS) at five time
points during one testing day. Participants rated the item “I feel pain” on a 10-cm scale ranging from 0
(no pain at all) to 100 (maximum pain). VAS constitute a valid measure for the investigation of pain
(Ferreira-Valente et al., 2011; Price et al., 1983).

Pain tolerance
Pain tolerance was measured using a stopwatch to record the amount of time (in seconds) for which the
hand was immersed in the water during the CPT.

Psychological mechanisms

Stimulus-induced emotions

Stimulus-induced emotions were investigated once in each condition, assessed directly after the CPT. We
investigated the two music-induced emotions of joy and anger, as both have been previously evaluated
as important active emotions within music interventions (Davis & Mohammad, 2014). Specifically, we
used single items (“Did the music/sound of lapping water evoke joy/anger?”) rated on a five-point Likert
scale ranging from 1 (“not at all”) to 5 (“very much”). All items were carefully selected based on previous
research (Davis & Mohammad, 2014; Mitchell et al., 2007) and on the consideration that in these cases,
single items would provide an adequate assessment of the constructs (Allen et al., 2022).

Acute subjective stress

As a measure of acute subjective stress, participants rated the item “At this moment, | feel stressed” on
a 10-cm VAS ranging from 0 (not at all stressed) to 100 (maximally stressed). The VAS is recommended
as a useful tool for the assessment of stress due to its similarity with another validated measure of stress
(Perceived Stress Scale, PSS), its discriminative sensitivity, observed correlations with similar constructs,
and its quick and easy application (Lesage et al., 2012; Lesage & Berjot, 2011).

Statistical methods

Hypothesis 1 was investigated by mixed model analyses using the GAMLj module (Gallucci, 2019) in
jamovi (The Jamovi Project, 2020) based on the program R (R Core Team, 2021). For each dependent
variable, an individual model was tested. Hypothesis 1a was investigated by a three-way interaction
using a mixed model with pain parameters as dependent variables, the two within-subject factors Time
(five levels: baseline, anticipation, CPT, rec 1, rec 2) and Condition (three levels: participant-selected music,
researcher-selected music, sound of lapping water), and the between-subject factor MLS (two levels: ME,
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MS). Slopes of the predictors Time and Condition were allowed to vary across individuals. As we only
investigated pain tolerance once per condition, Time was not considered a factor for pain tolerance.
Regarding hypothesis 1b, the analysis was similar to hypothesis 1a, with the addition of Gender (two
levels: male, female) as a between-subject factor. The analyses were based on the procedures described
by Field (2013) and in the program instructions (Gallucci, 2019). The module handles missing values by
including all assessed data (Gallucci, 2019). Post-hoc tests were conducted with Bonferroni correction.

Hypothesis 2 was investigated using mediation analyses conducted with the GLM mediation model
included in the jJAMM module (Gallucci, 2020) of jamovi. The module estimates mediation models using
maximum likelihood regression. Pain intensity (assessed directly after the CPT) and pain tolerance were
included as dependent variables and investigated in individual models. MLS was included as a factor, and
stimulus-induced emotions and subjective stress were added as mediator variables. Subjective stress was
assessed directly after the CPT.

For all analyses, p-values < .05 were considered as significant. For descriptive analyses and data prepa-
ration, SPSS (version 24.0) and Microsoft Excel were used. Outliers and extreme values were detected
with box-and-whisker plots and were retained if they were not attributed to errors in data entry or
recording. Test assumptions were investigated based on the procedure recommended in Field (2013).

Results
Study population

First, 3,356 individuals were screened online (1,194 men, 2,159 women, 3 not specified) regarding their
MLS. Of these, 112 (9.4% of the men or 3.3% of all screened persons) were male ME, 492 (22.8% of the
women or 14.7% of all screened persons) were female ME, 286 (24.0% of the men or 8.5% of all screened
persons) were male MS, and 212 (9.8% of the women or 6.3% of all persons) were female MS. A total of
1,327 individuals (39.5% of all screened persons) stated an interest in participating in the laboratory-based
study and provided contact information. The further screening procedure allowed us to filter at least 15
participants per group. A total of 69 persons identified as either ME or MS were asked to complete the
PHQ screening questionnaire one day before their first day in the laboratory. Of these 69 persons, 8
persons (approximately 13%) were not included in the study due to their mental health assessment or
for other reasons, such as lack of time. Recruitment was stopped when we reached 61 participants with
a balanced distribution across the groups (15 male ME, 16 female ME, 15 male MS, 15 female MS). None
of the 61 participants dropped out during the study. Fifty-seven participants completed the study within
two weeks. Of the remaining four participants, one completed the study in four weeks, one in three
weeks and two days, one in two weeks and two days, and one in two weeks and one day. Sample char-
acteristics are presented in Table 2. All single cells (male ME, female ME, male MS, female MS) had similar
values (p > .05). Gender differences emerged concerning age (p = .01) and BMI (p = .001): On average,
the men were older (men: M=25.43, SD=4.03; women: M=23.07, SD=3.34) and had a higher BMI (men:
M=23.51; SD=2.66; women: M=21.14; SD=2.35) than the women. The mean proportion of missing val-
ues lay at 8.78% (male ME: 11.06%, female ME: 6.85%, male MS: 7.39%, female MS: 10.08%). The handling
of missing values was dependent on the statistical analysis and the options provided by the respective
program (see statistical methods).

Mixed model analyses

Pain intensity

Pain intensity responses according to MLS, gender, and condition are depicted in Figure 2 (for detailed
parameters of stepwise mixed models see supplement Table T1). The three-way interaction of Time,
Condition and MLS was significant (F(22, 290.53) = 3.76; p < .001), with ME and MS reporting an increase
in pain intensity from baseline to (the time point directly after the) CPT in all conditions, and from antic-
ipation to CPT, followed by a decrease from CPT to the first recovery time point (rec 1; all p, < .05).
Furthermore, the decrease from CPT to the second recovery time point (rec 2) was significant in all
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Table 2. Sample characteristics.

ME (n=31) MS (n=30)

Total sample Male ME Female ME Male MS Female MS
(N=61) (n=15) (n=16) (n=15) (n=15)

Age (SD) 24.23 (3.85) 26.40 (3.83) 22.00 (2.53) 24.47 (4.12) 24.20 (3.78)
BMI (SD) 22.31 (2.76) 24.06 (2.47) 21.18 (2.35) 22.96 (2.81) 21.10 (2.43)
Marital status Unmarried: n=60 n=16
Married: n=
Divorced/living apart/widowed: n=0
Current partnership ~ Yes: n=26
No: n=35
Highest school No graduation/general school:
education Institute of applied sciences:
High school:
Other:
Dropouts:
Highest professional ~ Apprenticeship/similar
education operational training:
University/college:
Still in professional education:
Other:
None:
Current employment Full time:
(amount) At least half time:
Less than half time:
In education:
Unemployed:
Other:
Professional position Worker:
Employee:
Civil servant:
Self-employed:
Other:
Income < 1250¢€:
1250-1750¢€:
2250-3000¢€:
> 5000¢€:
Other:

Note. BMI=Body Mass Index; ME=Music Empathizers; MS=Music Systemizers; Al
similar values (p > .05). Gender differed in age (p = .01) and BMI (p = .001).
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single cells (male ME, female ME, male MS, female MS) had

groups and conditions, but the difference between rec 1 and rec 2 was not significant in any case.
Post-hoc tests did not reveal any differences between MLS or between conditions (all p, > .05).

The interaction effect of Time, Condition, MLS, and Gender was significant (F(51, 241.96) = 1.84;
p = .001), with female ME reporting an increase from baseline to CPT in all conditions. With
participant-selected music, female ME reported an additional increase from anticipation to CPT. Female
ME reported a decrease in pain intensity from CPT to rec 1 in both music conditions and from CPT to
rec 2 in all conditions. In contrast, there were no changes in pain intensity in any other group, except
male MS. Specifically, male MS reported an increase from baseline to CPT and from anticipation to CPT,
as well as a decrease in pain intensity from CPT to rec 1 and from CPT to rec 2 when listening to the
sound of lapping water. Men and women did not differ in overall pain intensity responses over time
(F(4, 116.91) = .10; p = .98). While the interaction effect of Condition, Gender, and Time was significant
(F(22, 289.76) = 3.39; p < .001), Bonferroni-adjusted post-hoc tests revealed no differences between men
and women over time in any condition. However, men and women differed in overall pain intensity
(F(1, 66.43) = 4.81; p = .03), with women (M=7.23; SD=15.59) reporting lower pain intensity than men
(M=9.41; SD=16.07; Estimate=-1.882; SE = .86).

Pain tolerance

Pain tolerance in the different groups is depicted in Figure 3 (for detailed parameters of stepwise mixed
models see supplement Table T2). The interaction effect of Condition and MLS was not significant (F(2,
117.19) = .30; p = .74). Only the main effect of Condition was significant (F(2, 117.19) = 8.33; p < .001),
with pain being tolerated for longer with participant-selected music than with lapping water (p, < .001),
and for longer with participant-selected music than with researcher-selected music (p, = .01). No
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Figure 2. Changes in pain intensity over time for different MLS, gender, and conditions.
Note. ps=participant-selected music; rs =researcher-selected music; lw=sound of lapping water; CPT=cold pressor test; MLS=music listening
styles.

significant difference emerged between researcher-selected music and the sound of lapping water (p, >
.99). The interaction effect of Condition, MLS, and Gender was not significant (F(7, 112.26) = .75; p = .68).
Men and women did not differ in pain tolerance (F(1, 58.00) = .80; p = .33). The interaction effect of
Condition and Gender was not significant (F(2, 117.20) = .16; p = .85).

Mediation analyses regarding psychological mechanisms

Stimulus-induced emotions

Neither stimulus-induced joy nor anger mediated the effects of the MLS on pain: Stimulus-induced emo-
tions of joy (indirect effect: B = .002, z = .39, p = .69, effect of MLS on joy: 8 = —.06, z=-.83, p = 41;
effect of joy on pain intensity: 8 = —.03, z=-45, p = .65; direct effect of MLS on pain intensity: 8 = .12,
z=1.60, p = .11; total effect: B = .12, z=1.66, p = .10) and anger (indirect effect: 8 = .002, z = .36,
p = .72, effect of MLS on anger: 8 = —.08, z=-1.07, p = .29; effect of anger on pain intensity: § = —.03,
z=-.38, p =.70) did not mediate the effects of MLS on pain intensity directly after the CPT. Stimulus-induced
emotions of joy (indirect effect: § = .003, z=-.50, p = .61, effect of MLS on joy: 8 = —.06, z=-.83, p =
A41; effect of joy on pain tolerance: § = .05, z = .63, p = .53; direct effect of MLS on pain tolerance: 8 =
.03, z = 34, p = .73; total effect: B = .03, z = .42, p = .67) and anger (indirect effect: § = .01, z = .88, p
= .38, effect of MLS on anger: 8 = —.08, z=-1.07, p = .29; effect of anger on pain tolerance: 8 = -.12,
z=-1.57, p = .12) did also not mediate the effects of MLS on pain tolerance.
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Figure 3. Differences in pain tolerance for different MLS, gender, and conditions.
Note. ME=music empathizers; MS=music systemizers; MLS =music listening styles. Pain tolerance was measured once per condition; CPT=cold
pressor test.

Acute subjective stress

The effect of MLS on pain intensity directly after the CPT was mediated by acute subjective stress directly
after the CPT (indirect effect: 8 = .06, z=2.14, p = .03, effect of MLS on subjective stress: § = .17, z=2.40,
p = .02; effect of subjective stress on pain intensity: 8 = .33, z=4.77, p < .001; direct effect of MLS on
pain intensity: 8 = .04, z = .53, p = .60; total effect: § = .11, z=1.46, p = .14). In detail, ME (M=17.48,
SD=20.56) reported higher subjective stress directly after the CPT compared to MS (M=11.60, SD=12.26),
and in turn, higher subjective stress directly after the CPT was associated with higher perceived pain
intensity. The effect of MLS on pain tolerance was not mediated by subjective stress (indirect effect: § =
01, z = 90, p = .37 effect of MLS on subjective stresss B = .17, z=240,
p = .02; effect of subjective stress on pain tolerance: 8 = .07, z = .97, p = .33; direct effect of MLS on
pain tolerance: 8 = .01, z = .13, p = .90; total effect: 8 = .02, z = .30, p = .77).

Discussion

The impact of MLS and gender in the use of music as a tool for pain management, as well as underlying
mechanisms, have not been sufficiently investigated so far. In this experiment, we tested whether ME
and MS differ in music-induced pain reduction, and whether these effects vary by source of music selec-
tion and gender. We also explored, as a side question, stimulus-induced emotions and subjective stress
as potential underlying mechanisms. Our findings suggest that ME and MS respond similarly to cold
pressor pain, but MLS does influence pain intensity when combined with gender and the source of
music selection. We identified first insights into the potential mechanism of subjective stress that might
underlie the effects of MLS on pain.

The music listening style does not directly influence pain, but female music empathizers show
highest pain intensity with participant-selected music; music selection source is crucial for pain
tolerance

In contrast to our hypothesis, the MLS does not seem to directly influence pain with different auditory
stimuli. However, female ME exhibit heightened pain intensity responses when an auditory stimulus is
present, especially when they choose the music themselves. As female MS showed different responses,
gender alone cannot explain music-induced pain modulation; rather, cognitive styles might play a role.
Different explanations for increased pain intensity observed in female ME during listening to self-selected
music seem possible, such as emotional vulnerability, cognitive-affective rumination, or emotional
over-engagement: Related to that, the term “musical vulnerability” describes a person’s inherent and sit-
uational openness to being affected by the semantic and somatic properties of music (MacGregor, 2022).
If women tend to focus on emotional aspects in music and then listen to music that has a strong
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emotional meaning for them, it is conceivable that they may become emotionally more vulnerable and
perceive any pain that occurs more intensely. It is also possible that such individuals may engage in
cognitive-affective rumination about the music and its emotional meaning, which could possibly also be
accompanied by rumination about the pain and a more intense perception of it. The emotional engage-
ment with the emotionally meaningful music and the additional perception of pain might lead to emo-
tional over-engagement, and potentially, emotionally less meaningful music would be more suitable for
female ME in pain management. In line with this, it has been suggested that in persons with high
emotional vulnerability, music may sometimes be highly distressing given its powerful capacity to access
sad and traumatic memories (Bradt et al., 2015). Such processes should be further investigated in future
studies. When discussing these possible considerations for the reasons of increased pain intensity in
female ME when listening to their self-selected music, the small sample size should be kept in mind. It
needs to be acknowledged that there is a heightened risk of Type | error due to multiple testing. Against
this background and given that the finding was not theoretically anticipated, it may reflect a chance
result rather than a reliable phenomenon. While our study provides initial evidence that female music
empathizers show increased pain intensity when listening to their favorite self-selected relaxing music,
further studies with larger samples are urgently needed to draw final conclusions about this effect and
possible explanations for it.

As a side finding, we found similar pain intensity responses in men and women. However, women in
our study reported lower pain intensity than men overall whereas pain tolerance did not differ according
to gender. This contradicts studies suggesting greater pain sensitivity for women than for men (Bartley
& Fillingim, 2013; Mogil, 2012), and a study revealing that women tolerated experimentally-induced pain
with favorite music more than men (Ghaffaripour et al., 2013). It is possible that our results are attribut-
able to the fact that female MS and male ME are overrepresented in our sample. As the studies by
Bartley and Fillingim (2013), Mogil (2012), and Ghaffaripour et al. (2013) did not examine the MLS of the
subjects, it is conceivable that their studies mainly examined female ME and male MS, which might have
influenced the gender effects in their studies.

As another side finding, in our study, pain was tolerated for longest with participant-selected music.
Similarly, another study had revealed the longest pain tolerance for participant-selected music compared
to researcher-selected music and an auditory control (Mitchell & MacDonald, 2006). This is consistent
with reports suggesting that some control over the music enhances pain-reducing effects (Garza-Villarreal
et al,, 2017; Kiihlmann et al.,, 2018; Vetter et al,, 2015).

Stimulus-induced emotions of joy and anger do not mediate the effects of the music listening
style on pain while psychological stress is a mediator

In contrast to our hypotheses, the stimulus-induced emotions joy and anger did not mediate the effects
of MLS on pain responses in our study. Even though ME place a greater focus on emotional aspects of
music than MS (Kreutz et al., 2008), the modulation of the emotions joy and anger does not seem to be
an important underlying mechanism of the effects of the MLS on pain responses. Rather, our results
suggest that the modulation of subjective stress appears to be a more important psychological mecha-
nism of the effects of MLS on pain than the modulation of joy or anger: The effect of MLS on pain
intensity directly after the CPT was mediated by subjective stress directly after the CPT. Specifically, ME
reported higher subjective stress directly after the CPT than MS, which was in turn associated
with higher pain intensity. This indicates that how music is processed can influence pain intensity via
subjective stress. Our findings support the suggestion that stress responses, and in our case subjective
stress, may be an important mechanism when using music for health-related outcome, such as pain
(Linnemann et al, 2015; Wuttke-Linnemann et al., 2020). As we found that the focus on emotional
aspects of music was associated with higher subjective stress and, in turn, higher pain intensity when
listening to music during pain perception, the question arises as to whether music should only be used
cautiously in pain management in individuals with an emotional focus on music. Alternatively, one might
conclude that subjective stress in the context of experiencing pain should be especially managed in
persons who emotionally process music. It should also be noted that only the effects of MLS on pain
intensity, but not on pain tolerance, were mediated by subjective stress. Beneficial effects of music on
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pain intensity, but not on pain tolerance, have been reported by other researchers as well (Zhao & Chen,
2009), so this is not an unusual finding. However, when discussing the mechanisms, as discussed also in
the previous section, the small sample size should be noted as a limitation. Our findings should therefore
only be seen as an initial indicator that subjective stress may be an important modulator of the effects
of MLS on pain. However, future studies should examine the effects with a larger sample before final
conclusions can be drawn.

Our study reveals that the music selection source is an important predictor of pain tolerance. Our
findings support the importance of individualized pain management programs and confirm the overall
beneficial role of self-selecting music in pain management, although for female ME, music with less
emotional content may be advisable.

Limitations

We decided on the sample size based on our main research question. To investigate the detailed under-
lying mechanisms, a larger sample size would have been more appropriate. Therefore, it is important to
only cautiously interpret the respective findings as first insights into processes that previous research has
widely neglected.

In addition, our sample is not representative of the population, as mental ilinesses occur in the pop-
ulation and may be closely related to pain perception. For example, it has been reported that individuals
with schizophrenia have elevated pain thresholds and tolerance, and depression and pain commonly
co-occur (Onwumere et al,, 2022). As we wanted to minimize confounding effects associated with mental
iliness, we decided to investigate only individuals with low scores on the PHQ. Our results do not allow
any direct conclusions to be drawn about clinical samples, and it would be very important to conduct
further studies in a clinical setting. Furthermore, the model parameters of the current findings indicate
at least in part that the effects are relatively small. However, as the current stimulus presentation was
not part of an elaborated intervention program, it can be assumed that our findings are particularly
relevant and might even be enhanced in more elaborated intervention programs.

Given the highly individual perception of pain, within-subject designs are recommended in pain
research (Gewandter et al, 2016). However, the within-subjects design carries the risk that participants
might guess the different conditions, which might be associated with expectation effects and could
potentially influence their responses. To reduce such expectation effects at least to some extent, partic-
ipants were asked to bring an arousing song to the lab in addition to the relaxing song. We also ran-
domized the order of the conditions so that the auditory stimulus of the last condition differed between
participants. It cannot be ruled out that expectation effects may still have played a role. For example,
the participants may have tried to endure the pain longer with their favorite music than in the other
conditions. In a follow-up survey, we gave the participants the opportunity to tell us about such effects.
No such effects were reported here. However, it cannot be ruled out that such effects may have uncon-
sciously played a role. Before final conclusions can be drawn, it would be important to investigate similar
research questions in a more natural setting, for example with Ecological Momentary Assessment (EMA)
or Ecological Momentary Intervention (EMI) studies.

In addition, ambient temperature can influence pain perception at least to some extent (Strigo et al.,
2000). The room temperature in our laboratory could not be controlled to the exact degree, which is a
limitation of our study. However, the measurements took place in a building with thick brickwork, thus
the room temperature was presumably less influenced by outside temperatures than in buildings with
thinner walls. We have adjusted the room temperature to be as comfortable as possible in the different
seasons through appropriate ventilation and heating behavior. Nevertheless, it cannot be ruled out that
the room temperature had an influence on the perception of pain. As the measurements within the test
subjects were taken at short intervals, we assume that the seasonal fluctuations in room temperature do
not play a major role for the differences between the conditions within the individual subjects. However,
to be certain that the room temperature does not influence the measurements, it would be necessary
to use a laboratory in which the room temperature can be controlled to the exact degree.

Another limitation is the age of the data. Other studies have reported that the incidence of global
mental health conditions such as anxiety and depression, as well as daily stress have increased over the
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last years (Piao et al., 2024). It is therefore conceivable that the baseline level of stress is already higher
today than it was in our study. To see similarly high peaks in the stress responses, the stressor might
have to be higher today; for example, lower temperatures could be used for the water in the CPT.
Related to this, a recent study reported that about 50% of the candidates were able to withstand the
entire three minutes of the cold pressure test (Van der Valk Bouman et al., 2024), whereas in our study
almost all candidates pulled their hand out of the water earlier. Future studies might consider using low
temperatures of the CPT, for example, 0-1 degree, as it was used in the study by Fekete et al. (2022).

In addition, the gender of the experimenters may have an impact on pain perception. In previous
research, males reported significantly less pain in front of a female experimenter than a male experi-
menter (Levine & De Simone, 1991), and, in another study, subjects tolerated pain longer when they
were tested by an experimenter of the opposite sex (Kéllai et al., 2004). It is possible that male subjects
in our study would have shown higher pain with the presence of male experimenters compared to the
presence of our all-female experimenters. We initially considered including male researchers in the data
collection, but for practical reasons, it would have been very challenging to match the gender of study
participants and researchers at each individual visit. We therefore decided to keep the gender of the
researchers consistently female. However, the effects of MLS on pain when matching the experimenter’s
gender with the participant’s gender should be investigated in future studies, especially with regard to
possible interactions between gender and MLS.

To understand the differences between the most distinct MLS, we included participants with a clear
categorization as either ME or MS. Persons with an MLS that is balanced between ME and MS were not
investigated. Thus, no conclusions can be drawn regarding balanced MLS.

Future directions

As pain research aims to increase well-being in patients, investigations in clinical contexts are essential.
Investigating balanced MLS would further illuminate the potential analgesic effects of music in a broader
range of individuals. Additionally, it would be of interest to investigate the roles of MLS and gender for
potential protective effects of music presentation before or after a painful and stressful event. While the
current study investigates the potential management of pain during the presentation of a pain stimulus,
it would be of high importance to investigate the potential prevention of pain by presenting music prior
to the pain stimulus. Also, presenting music after presenting a pain stimulus might be of interest for
future studies. These options would offer the advantage that music can be presented for a longer time
than the presentation time of the pain stimulus, which is especially relevant given that music interven-
tions with a duration of 20-30 minutes were associated with a larger decrease in pain scores than music
interventions with a duration of less than 20minutes (Richard-Lalonde et al., 2020). Moreover, the nega-
tive effects of music require further investigation. Finally, as music consists of audio features whose
effects on human perception are mostly under-researched, more research on the potential effects of
audio features is recommended (Martin-Saavedra et al., 2018).

Conclusions

Our results indicate that music for pain management increases pain tolerance the most when it is
selected by participants. However, we found initial evidence that women scoring high on ME show
increased pain when listening to their self-selected music. We also found initial evidence for the impor-
tance of subjective stress as a potential mechanism in the context of music-based pain management.
Future studies should further investigate these effects to draw final conclusions. Understanding how
music processing can influence pain is an important step toward improving individualized pain manage-
ment and may inform the (further) development of guidelines and recommendations.
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