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Abstract

Misophonia is characterized by strong negative reactions to everyday sounds, such as chewing, slurp-
ing or breathing, that can have negative consequences for daily life. Here, we investigated the role
of visual stimuli in modulating misophonic reactions. We recruited 26 misophonics and 31 healthy
controls and presented them with 26 sound-swapped videos: 13 trigger sounds paired with the 13
Original Video Sources (OVS) and with 13 Positive Attributable Visual Sources (PAVS). Our results
show that PAVS stimuli significantly increase the pleasantness and reduce the intensity of bodily sen-
sations associated with trigger sounds in both the misophonia and control groups. Importantly, people
with misophonia experienced a larger reduction of bodily sensations compared to the control partic-
ipants. An analysis of self-reported bodily sensation descriptions revealed that PAVS-paired sounds
led participants to use significantly fewer words pertaining to body parts compared to the OV S-paired
sounds. We also found that participants who scored higher on the Duke Misophonia Questionnaire
(DMQ) symptom severity scale had higher auditory imagery scores, yet visual imagery was not asso-
ciated with the DMQ. Overall, our results show that the negative impact of misophonic trigger sounds
can be attenuated by presenting them alongside PAVSs.
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1. Introduction

For some individuals, seemingly ordinary everyday sounds can impose dis-
proportionate levels of distress and discomfort in their lives. Misophonia is
a relatively new disorder that describes this extreme psychological and phys-
iological reaction to specific types of trigger sounds and associated stimuli
(Jastreboff and Jastreboff, 2001; Swedo et al., 2022). Common misopho-
nia triggers include human-generated eating sounds (e.g., chewing, slurping,
crunching, lip smacking), nasal sounds (snoring, coughing, sniffling), and vari-
ous repetitive sounds such as pen tapping, refrigerator humming, clock ticking,
etc. (Schroder et al., 2013; Jager et al., 2020). An important characteristic of
the misophonic experience is the inordinate aversive response to the trigger
sound, which can compromise day-to-day activities, school or work life, and
healthy social interactions (Edelstein et al., 2013). Trigger sounds often elicit
an intense and automatic negative emotional response (e.g., distress, anger,
and/or disgust toward the person generating the sound) and sympathetic (fight
or flight) physiological response (e.g., increased heart rate, bodily tension) in
people with misophonia (Edelstein et al., 2013; Jager et al., 2020; Kumar et
al., 2017; Rouw and Erfanian, 2018).

In a recent large-scale study with a representative sample of the US popu-
lation, Dixon et al. (2024) found that 78.5% of the sample reported sensitivity
to misophonia trigger sounds, and importantly 4.6% of individuals in the US
reported clinical levels of misophonia symptoms which were accompanied by
severe functional impairment in social and private activities, home manage-
ment and the ability to maintain close relationships. Despite the prevalence,
misophonia is not yet an officially recognized disorder in the DSM-V, so
there are neither established clinical diagnostic criteria for misophonia nor
established treatments. In most research studies, misophonia is assessed by
self-report measures of misophonia symptoms through questionnaires such as
the Misophonia Questionnaire (MQ; Wu et al., 2014). Amsterdam- Misopho-
nia Scale (A-MISO-S; Schréder et al., 2013), and most recently, the S-Five
(Vitoratou et al., 2021) and the Duke Misophonia Questionnaire scale (DMQ;
Rosenthal et al., 2021).

A recent neuroimaging investigation has suggested that trigger sounds are,
in fact, processed differently in the brains of people with misophonia com-
pared to other aversive sounds. Kumar et al. (2017) asked participants to listen
and rate misophonic trigger sounds (e.g., chewing), universally unpleasant
sounds (e.g., screaming), or neutral sounds (e.g., rain) and measured brain
activity using fMRI. As expected, those who reported having misophonia
rated the trigger sounds as more annoying compared to unpleasant or neutral
sounds, whereas those without misophonia rated the universally unpleasant
sounds as the most annoying. Critically, for the misophonic group, the trigger
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sounds evoked a larger response in the anterior insular cortex (AIC), as well
as functional hyperconnectivity between areas of the brain that are responsi-
ble for emotional regulation, emotional behavior, and memories of past events,
including the frontal cortex, amygdala, and hippocampus. The fact that these
differences are in higher-level brain regions, as opposed to low-level auditory
regions, suggests that misophonic responses may be modulated by high-level
cognitive factors and multisensory processes.

The same study also showed that people with misophonia show an increased
heart rate and galvanic skin response (GSR) in response to hearing trigger
sounds (e.g., chewing) but not generally unpleasant (e.g., baby screaming)
or neutral sounds (e.g., rainfall) in comparison to those without misophonia
(Kumar et al., 2017; also see Grossini et al., 2022; Neacsiu et al., 2023). Addi-
tionally, subjective reports of body perception as measured by the body con-
sciousness questionnaire showed that misophonia participants had a greater
tendency to focus on internal bodily sensations compared to healthy con-
trols. Kumar et al. (2017) argue that this finding, coupled with the abnormal
functioning of AIC, contributes to enhanced saliency of trigger sounds for
misophonia participants.

Initially, misophonia was regarded as an audiological disorder compara-
ble to decreased sound tolerance disorders such as hyperacusis. However,
recent findings suggest that, unlike hyperacusis, reactions to misophonia trig-
ger sounds are not tied to specific physical characteristics of the sounds, such
as pitch, volume, or timbre (Jastreboff and Jastreboff, 2014), and context may
play an important role in how a trigger sound is experienced. For example,
Savard et al. (2022) embedded varying levels of noise in misophonia trigger
sounds to make them less identifiable and asked participants to rate their sub-
jective emotional reaction to the sound. They found that when trigger sounds
were easily identifiable, participants with higher misophonia scores were more
likely to report negative emotional reactions to the sounds than when the
sounds were difficult to identify, which suggests a role of higher-level cogni-
tion in interpreting and reacting to trigger sounds. Similarly, Heller and Smith
(2022) showed that misidentifying the source of a trigger sound as belonging
to a more neutral sound category significantly increased the perceived pleas-
antness of the sound.

The multisensory aspect of the misophonic experience has received less
attention. Previous research has established that varying visual contexts can
modulate reactions to aversive sounds in the general population. For example,
Samermit et al. (2019) found that presenting a Positive Attributable Visual
Source (PAVS) of an aversive sound reduced negative reactions to that sound
in a neurotypical sample. In their study, participants rated aversive sounds
presented either with the corresponding Original Video Source (OVS) of the
sound (e.g., a fork scraping glass), with a PAVS (e.g., someone jumping on a
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bed), or with no visual source. The results showed that pairing aversive sounds
with a PAVS significantly reduced negative reactions to the aversive sounds,
including discomfort, unpleasantness, and bodily sensations, compared to pre-
senting the sounds alone or with the OVS. In another study, Siepsiak et al.
(2022) found that human smacking mouth sounds paired with incongruent
visual stimuli (e.g., a video of a hand playing in mud) reduced self-reported
negative reactions to the trigger sound compared to human or animal eating
sounds presented with their corresponding congruent video stimuli.

Recently, Samermit et al. (2022) developed a new validated set of 36 sound-
swapped video stimuli presenting common misophonia trigger sounds (e.g.,
crunchy chewing) paired with both OVS (e.g., someone biting into a chip) and
PAVS (e.g., tearing a piece of paper; see http://osf.io/3ysfh/). In a study with
102 neurotypical participants, observers were asked to rate each trigger sound
in terms of its pleasantness or unpleasantness in the PAVS or OVS context.
Results showed that misophonia trigger sounds presented in the PAVS context
were rated as significantly more pleasant than the same sounds presented in the
OVS context. Although the study was conducted on a neurotypical population,
the effectiveness of the PAVS vs OVS contexts was observed across individuals
with varying levels of misophonia symptoms.

An open question remains about the effectiveness of PAVS stimuli for a
wider range of trigger sounds in the misophonia population specifically. The
present study aims to answer this question by examining a group with miso-
phonia and a control group to measure whether the effectiveness of PAVS
stimuli in attenuating the negative reactions to trigger sounds is similar or dif-
ferent between groups.

We hypothesized that the PAVS stimuli would increase pleasantness ratings
of trigger sounds and decrease the intensity of bodily sensations elicited by
trigger sounds in both groups. Moreover, we hypothesized that there would
be a positive relationship between visual and auditory imagery abilities and
how people experience PAVS vs OVS stimuli across pleasantness and bod-
ily sensation scales. Previous work with neurotypical participants has shown
that mental imagery relies on overlapping cognitive and brain mechanisms as
actual perception and that mental imagery, in one sense, can modulate percep-
tion in a different sense (Berger and Ehrsson 2013, 2014; 2018; Kosslyn, 1995;
Pearson et al., 2008). For example, Berger and Ehrsson (2013) showed that
simply imagining an auditory /ba/ speech sound while viewing silent /ga/ lip
movements can lead to a classic McGurk illusion of perceiving /da/. Given that
both McGurk stimuli and sound-swapped stimuli involve incongruent audiovi-
sual stimuli where the visual input overrides auditory perception, we reasoned
that multisensory imagery could help integrate the slightly mismatched audi-
tory and visual inputs in the PAVS stimuli in a similar fashion. Although
participants in our study were not asked to engage in mental imagery, we still
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predict that these processes, which may happen automatically, may aid partic-
ipants in integrating the visual and auditory information and experiencing the
benefits of PAVS stimuli.

Additionally, previous work has shown people with misophonia report
having more clear and vivid auditory imagery compared to people without
misophonia (Simner et al., 2021), but differences in visual imagery have not
been investigated. As such, we administered the Vividness of Visual Imagery
Questionnaire (VVIQ), The Bucknell Auditory Imagery Scale for Vividness
(BAIS-V), and the Clarity of Auditory Imagery Scale Vividness (CAIS) to all
participants to investigate whether the capacity for visual and auditory mental
imagery vividness might facilitate cross-sensory remapping.

2. Method

All participants were assessed on the three misophonia scales: MQ, AMISO-S,
and DMQ. We have previously used MQ in our Samermit et al. (2022) study,
and at the time of conducting the current study, DMQ was the most recent and
comprehensive measure of misophonia. For completeness, we also included
AMISO-S to see if all measures produced similar results. Given that all three
measures were highly correlated (see Table 5 below), we focused our analysis
on a composite scale derived from the combined affective, physiological, and
cognitive subscales, which we refer to as the DMQ symptom severity score
ranging from O to 4 (see Section 2.4. Measures).

2.1. Participants

We recruited 31 misophonic participants who were interviewed in a previous
study (Samermit et al., 2022). We excluded five participants who scored lower
than 1.5 in the DMQ symptom severity scale, which is calculated based on
the average responses on the affective, physiological, and cognitive subscales.
As such, the misophonia group included a total of 26 participants (20 females,
five males, and one other, ages 20 to 63, M = 27.08, SD = 8.73) who received
a US $40 Amazon gift card for their participation. We also recruited 38 naive
participants from the psychology research pool at the University of California
Santa Cruz (UCSC) as the control group. We excluded seven control partici-
pants who scored higher than 1.5 in the DMQ symptom severity scale; thus,
the control group included a total of 31 participants (26 females, three males,
and two others, ages 18 to 61; M =21.55, SD = 7.80) who received course
credit for their participation. Because participants in the misophonia group
were recruited via ads from the general population, it includes a broader age
range compared to the control group. An independent-sample ¢-test revealed
that the average age for the misophonia group (27.08) was significantly higher
than for the control group (21.55; t55 = 2.52, p = 0.01); however, we have

downloaded from Brill.com 11/13/2024 03:49:24AM by gmahzoun@ucsc.edu


http://dx.doi.org/10.1163/22134808-bja10137

6 G. Mahzouni et al. / Multisensory Research (2024)

Table 1.
Self-report misophonia scores across three different misophonia questionnaires

Scale Misophonia group (n = 26) Control group (n = 31)
M (SD) Cronbach’s M (SD) Cronbach’s
alpha alpha
DMQ symptom scale (0 to 4) 2.40 (0.54) 0.84 0.82 (0.28) 0.91
A-MISO-S (0 to 4) 10.11 (3.01) 0.73 3.87 (2.50) 0.61
MQ sensitivity scale (0 to 4) 36.73 (8.29) 0.73 15.10 (10.79) 0.88
MQ severity scale (0 to 15) 5.58 (1.77) - 2.71 (2.16) -

Note. Means with standard deviations in parentheses for Duke misophonia questionnaires
(DMQ) symptom scale, Misophonia questionnaire (MQ), and Amsterdam misophonia scale
(A-MISO-S). Cronbach’s alpha cannot be calculated for the MQ severity scale because this
scale contains a single item.

no reason to believe this age difference should play a significant role in our
results. This study was approved by the Institutional Review Board (IRB) at
UCSC. Table 1 shows the self-reported DMQ symptom severity scores, A-
MISO-S, MQ-Sensitivity, and MQ-Severity scores for the misophonia and
control groups.

2.2. Stimuli

All stimuli were selected from the sound-swapped video database (https://
osf.io/3ysth/) published by Samermit et al. (2022). We selected the 13 most
effective pairs of OVS and their corresponding PAVS stimuli, meaning that
these stimuli produced the greatest difference in pleasantness scores (PAVS—
OVS) across the general population. The 13 sounds span 10 common trigger
categories: slurping, crunchy chewing, wet chewing, scraping, squeaking, snif-
fling, swishing, tapping, and clicking. Table 2 includes a list and description
of all 13 PAVS and 13 OVS stimuli used in the current study.

2.3. Procedure

Participants completed the experiment via Qualtrics. After filling out a consent
form, they proceeded to watch 13 PAVS stimuli in a random order and then
the 13 OVS stimuli in a random order. We previously found that this order
of presentation (PAVS before OVS) leads to a larger modulation of reactions
compared to presenting the OVS stimuli first (Samermit ez al., 2022). After
watching each video, participants were asked to provide ratings of how pleas-
ant or unpleasant they found the sound and the intensity of any experienced
bodily sensations. After rating all of the videos, participants filled out several
questionnaires, including three misophonia questionnaires: the DMQ, Ams-
terdam Misophonia Scale (A-MISO-S), and MQ. Subsequently, participants
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Table 2.

List of stimuli used in the experiment

Video number

Trigger sound
category

OVS descriptions

PAVS descriptions

1 (Vido1_O/P)
2 (Vido4_O/P)
3 (Vid09_O/P)
4 (Vid06_O/P)
5 (Vid07_O/P)
6 (Vid08_O/P)
7 (Vid10_O/P)
8 (Vid12_O/P)
9 (Vid13_O/P)
10 (Vid16_O/P)
11 (Vid17_O/P)

12 (Vid18_O/P)
13 (Vid20_O/P)

Slurping
Crunchy chewing
Scraping
Squeaking
Swishing
Sniffling
Crunchy chewing
Sniffling

Tapping
Drumming

Wet chewing

Gulping
Clicking

Actor sips empty drink
through straw
Actor eats a cheese crisp

Fork scraping on a plate
Cleaning a window
Swishing water in mouth

Actor sniffling loudly

Actor crunching with closed
mouth
Actor sniffling loudly

Fork tapping on metal knife
Finger drumming on table
Actor chewing with mouth
open

Actor gulps water

Actor clicks a pen

Water flows through
rock in creek

Actor tears a piece of
paper

Turning a faucet
Puppies barking
Shaking a water
bottle

Sweeping floor with
a broom

Stick in mud

Pencil drawing on
paper

Hammering on nail
Popcorn popping
Draining a towel

Stirring stick in water
Bike wheel spinning

Note. The names in parentheses correspond to the names used in the Sound-Swapped Video
database: https://osf.io/3ysfh/

completed the VVIQ, BAIS-V, and CAIS. Finally, participants answered a set
of demographic questions.

2.4. Measures

2.4.1. Pleasantness and Bodily Sensation Ratings

Pleasantness ratings were reported on the following seven-point scale: 1,
Extremely unpleasant; 2, Very unpleasant; 3. Somewhat unpleasant; 4, Nei-
ther pleasant nor unpleasant; 5, Somewhat pleasant; 6, Very pleasant; and 7,
Extremely pleasant. Ratings of the intensity of bodily sensations were reported
on the following seven-point scale: 1, No sensation; 2, 3, Mild sensation; 4,
5, Intense sensation; 6, 7 Very intense sensation. After the bodily sensation
scale, participants had the opportunity to describe their bodily sensations in
a text box. We calculated a difference score between PAVS and OVS ratings
(PAVS-0OVS) for pleasantness and bodily sensations to measure the effective-
ness of the PAVS stimuli. A larger PAVS—OVS difference score would indicate
a greater benefit of PAVS in reducing negative reactions to trigger sounds.
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2.4.2. Duke Misophonia Questionnaire (DMQ)

The DMQ is a self-report questionnaire that has been psychometrically vali-
dated to measure misophonic experiences across several different dimensions
(Rosenthal et al., 2021). The overall DMQ contains eight subscales that mea-
sure trigger frequency, affective responses, physiological responses, cognitive
responses, coping behaviors before, during, and after being triggered, and
beliefs. Participants in our experiment completed all eight subscales; however,
we focus our analyses on a composite scale derived from the combined affec-
tive, physiological, and cognitive subscales, which we refer to as the DMQ
symptom severity score. The three subscales asked participants to reflect back
on a time where they were intensely bothered by a sound and rate the fol-
lowing: (1) in the affective response subscale (eight items), participants rated
how often they felt various emotions such as anger, hostility, and anxious-
ness; (2) in the physiological response subscale (five items), they rated how
often they experienced physiological responses such as becoming rigid, stiff
or heart-racing when triggered; (3) in the cognitive subscale (10 items), par-
ticipants rated how often they had thoughts such as helplessness, wanting to
cry, or how to stop the sound. Questions on three subscales were rated on a
five-point Likert scale from O (Never) to 4 (Always/almost always), and our
composite DMQ symptoms severity score is computed as the average of all of
these items, ranging from O to 4.

2.4.3. Amsterdam Misophonia Scale (A-MI1SO-S)

A-MISO-S is a self-report measure of misophonia that consists of seven items
that participants rate on a five-point Likert scale (Schroder et al., 2013). The
final item of the questionnaire requires a free text response from the respon-
dent. Scores are categorized into ranges of subclinical (0—4), mild (5-9),
moderate (10-14), severe (15-19), and extreme (20—24). This scale measures
how much of the participant’s time is occupied by trigger sounds, how trigger
sounds interfere with social or work life, the amount of distress, the level of
distress associated with trigger sounds, the amount of effort to resist thinking
about the triggers, and how much control they have over their thoughts about
triggers as well as avoidance of trigger sounds.

2.4.4. Misophonia Questionnaire (MQ)

The MQ is a three-part self-report questionnaire that assesses the misopho-
nia symptom’s presence, the resulting emotions and behaviors, and the overall
severity of sound sensitivity (Wu et al., 2014). The first section, “Misopho-
nia symptoms scale”, examines the presence of specific sound sensitivities.
Participants rate their sensitivity to certain sounds (e.g., people eating, people
making nasal sounds) compared to other people on a scale of 1 (not at all) to
4 (always true). The second section, “Misophonia Emotions and Behaviors”,
examines emotional and behavioral reactions that arise from being exposed to
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misophonic trigger sounds. Example items include “Leave the environment to
a place where the sound(s) cannot be heard anymore” and ‘“Become anxious
or distressed.” Participants rate their experience on a scale of 1 (not at all true)
to 4 (always true). The first two sections are combined to a total score ranging
from O to 68, with higher scores indicating a higher misophonia level. In the
last part, “Misophonia severity scale”, participants rated their sound sensitiv-
ity on a scale of 0 (minimally) to 15 (very severe). Scores greater than or equal
to 7 indicated clinically significant symptoms.

2.4.5. Visual Vividness Imagery Questionnaire (VVIQ)

The VVIQ is a self-report measure of visual imagery, which consists of four
sections in which participants are asked to close their eyes and imagine differ-
ent situations such as “a close friend or relative”, “rising sun”, “a store”, and “a
country scene.” There are a total of 16 items that are evaluated on a five-point
Likert scale from 1 (No imagery at all, you only “know” that you are thinking
of the object) to 5 (Perfectly clear and as lively as normal vision). A total aver-
age score is calculated, with higher average scores indicating stronger visual

imagery vividness (Marks, 1973).

2.4.6. The Bucknell Auditory Imagery Scale for Vividness (BAIS-V)

The BAIS-V is a self-report measure of auditory imagery vividness (Halpern,
2015). This scale consists of 14 items that describe scenarios involving par-
ticular sounds (e.g., happy-birthday song, rainstorm, or dentist’s drill). Par-
ticipants are asked to read each item and consider whether they think of an
auditory image of the described sound in their head. They then rated the vivid-
ness of their auditory image on a seven-point Likert scale from 1 (No auditory
image is present at all) to 7 (The auditory image is as vivid as the actual sound).
Higher scores indicate more vivid auditory imagery.

2.4.7. The Clarity of Auditory Imagery Scale (CAIS)

The CAIS is another self-report scale that measures the clarity of auditory
imagery. This scale consists of 16 items, such as “a clock ticking”, “a dog
barking”, or “paper being torn apart.” Participants are instructed to imagine
each item and rate how clearly they could image the sound presented in each
item using a five-point Likert scale from 1 (Not clear at all) to 5 (very clear).
Higher numbers on this scale indicate more clear auditory imagery (Willander

and Baraldi, 2010).
2.5. Qualitative Descriptions of Bodily Sensations

To get a fuller picture of the participant’s experience with the PAVS and OVS
stimuli, we examined how each participant described their experience after
watching each stimulus. We performed two sets of analyses to analyze these
qualitative data. First, we measured the average number of text descriptions
as well as the average number of words produced for PAVS and OVS stimuli
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by misophonia and control participants. Given that misophonia manifests as
distinct bodily sensations, we were interested in whether verbal descriptions
would include more references to body parts in misophonia participants under
the OVS vs PAVS context. In order to quantify this, we counted the number of
times participants referred to body parts (head, muscle, shoulder, etc.) in their
descriptions.

We determined the overall valence of each description by having two inde-
pendent raters rate each text description based on a three-point valence scale
that ranged from positive (+1), to neutral (0), to negative (—1; Cohen’s
Kappa = 0.79). Text entries that described a pleasant experience, such as
feeling relaxed, calm, or happy, were coded as positive, while unpleasant expe-
riences, such as tension, restlessness, or feeling claustrophobic, were coded as
negative. Descriptions that could be either positive or negative (e.g., “it was
both annoying and amusing”) or ambiguous in nature (“tingling sensation’)
were coded as neutral.

3. Results
3.1. Misophonia Scores

As expected, participants in the misophonia group had significantly higher
scores across the three misophonia scales compared to the control group. On
the DMQ symptom severity scale, misophonia participants had higher scores
(M = 2.40, SD = 0.54) compared to the control group (M = 0.82, SD =
0.28, t55 = 14.29, p < 0.001, d = 3.67, 95% CI [1.37, 1.86]). On the A-
MISO-S, misophonia participants also had higher scores (M = 10.11, SD =
3.01) compared to the control group (M = 3.64, SD = 2.50, t55 = 9.14,
p <0.001, d =2.33, 95% CI [5.05, 7.89]). Misophonia participants also had
higher scores on the sensitivity scale of the MQ (M = 36.73, SD = 8.29) as
well as severity scale (M = 5.58, SD = 1.77) compared to the control group
(M =14.32, SD = 10.54, t55 = 8.79, p < 0.001, d = 2.36, 95% CI [17.29,
27.52]; M =2.58, SD = 2.20, t55 = 5.58, p < 0.001, d = 1.5, 95% CI =
[1.92, 4.07] respectively).

In this study, the internal consistency (Cronbach’s alpha) in the misophonia
group was 0.84 for the DMQ symptom severity scale, 0.73 for A-MISO-S,
and 0.73 for the sensitivity scale of MQ. In the control group, the Cronbach
alpha was 0.91 for the DMQ symptom severity scale, 0.61 for the AMISO-
S, and 0.88 for the MQ-Sensitivity scale. Additionally, the three misophonia
scales were highly correlated with each other (see Table 5 below). As such, we
report results based on DMQ, focusing on the symptom severity subscale, but
results are similar across all the scales. Figure 1 shows a histogram distribution
of DMQ symptom severity scores for the misophonia and control participants.
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Figure 1. Distribution of Duke Misophonia Questionnaire (DMQ) symptom scale scores for the
misophonia and control participants. The misophonia group (top) includes participants (n = 26)
who scored higher than 1.5 on the DMQ symptom severity scale, and the control group (bottom)
includes participants (n = 31) who scored lower than 1.5 on the DMQ symptom severity scale.

3.2. Pleasantness Rating for OVS and PAVS Stimuli

To examine how participants in the two groups rated the OVS and PAVS stim-
uli on the pleasantness scale, we conducted a two-way mixed-effects analysis
of variance (ANOVA) with group (misophonia or control) as the between-
subjects factor and video type (PAVS or OVS) as the within-subjects factor.
There was a significant main effect of group (£ 55 =20.25, p < 0.001, n% =
0.32), reflecting that on average, misophonia participants (M = 3.07, SD =
0.50) rated the sounds as significantly less pleasant compared to the control
group (M = 3.62, SD = 0.58). Our analysis also revealed a significant main
effect of video type (F1,55 = 162.61, p < 0.001, nf, = 0.56), reflecting that
across all participants, the OVS-paired sounds (M = 2.87, SD = 0.66) were
rated as significantly less pleasant than the PAVS-paired sounds (M = 3.87,
SD = 0.56). There was no statistically significant interaction between group
and video type on pleasantness ratings (Fj 55 = 0.16, p = 0.56), indicating
that the benefit of PAVS over OVS stimuli was similar across misophonia and
control participants (see Fig. 2a).

3.3. Bodily Sensation Ratings for OVS and PAVS Stimuli
We also conducted a two-way mixed-effects ANOVA with groups (misopho-

nia or control) as the between-subjects factor and video type (PAVS or OVS)
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Figure 2. Subjective Reports of Pleasantness and Bodily sensations and Duke Misophonia
Questionnaire (DMQ) symptom scale. (a, b) The average ratings for pleasantness and bodily
sensations across the control (n = 31; light gray bars) and misophonia groups (n = 26; dark
gray bars). Higher values on the pleasantness scale indicate a more pleasant experience, while
a high value on the bodily sensation scale indicates a more intense bodily sensation experience.
(c, d) PAVS and OVS difference scores for the control (white bars) and misophonia (black bars)
for pleasantness and bodily sensations. (e, f) The correlation between the DMQ symptom sever-
ity scale and PAVS—OVS difference scores. Error bars represent the standard error of the mean
across participants. ***, p < 0.001; **, p < 0.01.

as the within-subjects factor to assess the intensity of bodily sensation rat-
ings. There was a significant main effect of group (F1 55 = 6.99, p = 0.013,
7712, = 0.11). On average, the misophonia participants reported experiencing
more intense bodily sensations (M = 2.35, SD = 0.96) compared to the con-
trol group (M = 1.84, SD = 0.65). There was also a significant main effect
of video type (F1,55 = 35.14, p < 0.001, ng = 0.14). Across both groups,
the OVS stimuli elicited more intense bodily sensations (M = 2.36, SD =
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1.02) compared to the PAVS stimuli (M = 1.79, SD = 0.65). Importantly, the
interaction between groups and type of video type was statistically significant,
F155 =9.59, p =0.005, ng = (.13, indicating that the benefit of PAVS over
OVS in reducing bodily sensations was larger for the misophonia group than
for the control group (see Fig. 2b).

To better visualize the benefit of PAVS over OVS stimuli, we calculated
a difference score between PAVS and OVS ratings for both the pleasantness
and bodily sensation scales for each participant in the misophonia and control
groups. A larger PAVS—-OVS difference score would indicate a greater benefit
from watching PAVS stimuli. Independent-samples z-tests revealed that com-
pared to the control participants, misophonia participants had a significantly
larger PAVS—-OVS score in bodily sensations rating (ts55 = 2.82, p = 0.006,
d =0.72, 95% CI [0.15, 0.92]; Fig. 2d), but not in the pleasantness ratings
(ts5 = 0.68, p = 0.39; Fig. 2c¢).

We also examined the relationship between misophonia symptoms and
the benefits of PAVS over OVS. There was no correlation between DMQ
symptom severity scores and PAVS vs OVS pleasantness difference scores
(r =0.12, p =0.37; Fig. 2e). However, there was a significant positive corre-
lation between DMQ symptom severity scores and bodily sensation difference
scores, such that those who scored higher on the DMQ symptom severity
scale showed a larger PAVS vs OVS difference on the bodily sensation rat-
ings (r = 0.42, p = 0.001 which survived a Bonferroni correction for two
comparisons; Fig. 2f).

3.4. Item Analysis

Based on the PAVS and OVS difference scores, we established that 20 out
of 26 misophonia participants had at least two PAVS—OVS stimulus pairs that
were effective at reducing unpleasantness with a difference score of 2 or above,
and 24 out of 26 had two or more stimuli that were effective in reducing bod-
ily sensation to trigger sounds. The specific stimuli that were most effective at
reducing bodily sensations and unpleasantness ratings for misophonia partici-
pants are shown in Table 3 for misophonia participants and Table 4 for control
participants. The full list of video stimuli and their associated difference scores
are shown in the Supplementary Fig. S1.

3.5. Subjective Descriptions of Bodily Sensations

After rating the intensity of bodily sensations, participants were asked to
describe any specific bodily sensations they experienced for each of the 26
stimuli (13 PAVS and 13 OVS). A mixed-effects ANOVA with group (miso-
phonia, control) as the between-subjects factor and stimuli (PAVS, OVS) as
the within-subjects factor revealed that overall, misophonia participants pro-
duced marginally more descriptions of bodily sensations in response to both
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List of stimuli that were most effective for misophonia participants (difference score > 1)

OVS/PAVS stimuli Pleasantness ~ OVS/PAVS stimuli Bodily sensation
difference score difference score
(PAVS-OVS) (OVS-PAVS)
Gulping/stirring stick in 2.13 Wet chewing/draining a 24
water towel
Swishing water in 1.4 Clicking pen/bike wheel 1.08
mouth/water bottle, turning
shaking
Wet chewing/draining a 1.25 Fork scraping plate/turning 1.04
towel a faucet
Slurping/water flowing in 1.12 Gulping/stirring stick in 1
creek water
Squeaking/puppies barking 1.04 Swishing water in 1
mouth/water bottle shaking
Sniffling/pencil drawing on 1 - -
paper
Fork scraping plate/turning 1 - -

a faucet

Table 4.

List of stimuli that were most effective for control participants (difference score > 1)

OVS/PAVS Pleasantness OVS/PAVS Bodily sensation
difference score difference score
(PAVS-0OVS) (OVS-PAVS)

Wet chewing/draining a towel 2.28 Wet chewing/draining 1.68

a towel
Gulping/stirring stick in water 1.63 Fork scraping/turning 1.17

a faucet
Squeaking/Puppies barking 1.5 =° -
Fork scraping plate/turning a faucet 1.24 - -
Sniffling/sweeping floor 1.24 - -
Sniffling/pencil drawing on paper 1.13 - -
Swishing water in mouth/water 1.06 - -

bottle shaking

PAVS and OVS stimuli (M = 6.42, SD = 3.54) compared to the control group
(M =5.03, SD = 3.08; F1,55 =3.29, p=0.07, ng = 0.06). There was also
a main effect of stimulus type, indicating that both groups of participants

produced more descriptions of bodily sensations in response to OVS stim-
uli (M =6.21, SD = 3.46) compared to PAVS stimuli (M =5.12, SD = 3.19;
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F155=7.14, p =0.01, ng = 0.04). The interaction between the group and
stimulus type was not statistically significant (F7 55 =2.91, p =0.09).

To assess the average number of words used by participants per video, a
separate mixed-effects ANOVA was conducted with groups as the between-
subjects factor and stimulus type as the within-subjects factor. There was no
significant main effect of group (Fi 55 =1.29, p = 0.26) or stimuli (F} 55 =
0.80, p = 0.37); however, there was a significant interaction (Fj 55 = 3.22,
p =0.07, ng = 0.05), suggesting that the difference between words used per
video for OVS and PAVS stimuli was larger in the misophonia group. On
average, misophonia participants used more words per video to describe their
experience with OVS (M = 6.42, SD = 5.62) than PAVS stimuli (M = 4.95,
SD = 5.74).

Moreover, we tested how often descriptions referred to specific body
parts with a mixed-effects ANOVA with groups (misophonia, control) as the
between-subjects factor and stimulus type as the within-subjects variable.
There was a significant main effect of groups, indicating that, on average,
misophonia participants made more references to specific body parts when
describing their experience with the PAVS and OVS stimuli (M = 8.02, SD =
7.54) compared to the control group (M = 3.31, SD = 4.39; F; 55 = 12.67,
p < 0.001, ng =0.19). There was also a main effect of stimulus type, suggest-
ing that all participants made more references to body parts when describing
their experience with OVS stimuli (M = 7.53, SD = 7.11) compared to PAVS
stimuli (M = 3.39, SD = 4.98; Fj 55 =31.02, p < 0.001, 771% =0.15). The
interaction between the group and stimuli was not statistically significant,
F1,55 =0.025, p = 0.87. When controlling for the number of words each par-
ticipant used, the mixed-effects ANOVA revealed that misophonia participants
referenced body parts more frequently compared to the control participants
(F1,55 =10.11, p =0.002, ng =0.15). Additionally, all participants reported
body parts more frequently to OVS stimuli (M = 0.14, SD = 0.12) compared
to PAVS stimuli (M = 0.07, SD = 0.09; F; 55 = 16.45, p < 0.001, ng =0.15).
A significant interaction also revealed that the difference between body part
frequency between OVS stimuli (M = 0.11, SD = 0.10) and PAVS stimuli
(M = 0.01, SD = 0.03) was larger for the control group compared to the
misophonia group (Fj 55 =4.74, p =0.03, ng =0.08).

To assess the valence of descriptions, a mixed-effects ANOVA was con-
ducted with group (misophonia and control) as the between-subjects fac-
tor, stimulus type (PAVS or OVS) as the within-subjects factor, and the
judged valence of the descriptions as the dependent measure (see Section 2.
Method). There was a main effect of the participant group, Fj 24 = 12.04,
p < 0.01, ng = (.33, indicating that misophonia participants used more neg-
ative descriptions overall (M = —0.64, SD = 0.25) compared to the control
group (M = —0.39, SD = 0.33). There was also a main effect of stimulus type
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(F1,24 =18.74, p < 0.001, 771% = 0.42), which shows that overall OVS descrip-
tions were rated as more negative (M = —0.67, SD = 0.27) compared to PAVS
descriptions (M = —0.37, SD = 0.28). The interaction between the partici-
pant’s group and stimulus type was not statistically significant (/] 24 = 0.016,
p = 0.89). Example quotes from participants with misphonia powerfully illus-
trate this effect. For instance, one misophonia participant described their bod-
ily sensation to the OVS video of gulping as “my nose scrunched up, and I felt
some tension in my body,— more from the ‘gulping’ sounds than the sound
of the water flowing through the water bottle.” The same participant described
their bodily sensation to the same sound paired with the PAVS video (gulp-
ing sound paired with video of flowing water in a creek) as “relaxation in my
chest.” Similarly, another misophonia participant described their bodily sen-
sation to the OVS-paired fork tapping sound as “felt sharp in my chest.” but
described the bodily sensation to the same sound paired with the PAVS video
(fork tapping sound paired with hammering nail video) as “felt it in the base
of my skull and in my cheeks. The sound felt light and happy.”

3.6. Visual and Auditory Imagery

An independent-samples ¢-test showed that the clarity of auditory imagery
(CAIS) scores for the misophonia group (M =4.11, SD = 0.74) was signif-
icantly higher than for the control group (M = 3.62, SD = 0.75; t55 = 2.45,
p =017, d =0.66, 95% CI [0.09, 0.89]). However, BAIS-V scores for the
misophonia group (M = 4.65, SD = 1.36) were not significantly different
from those for the control group (M =4.11, SD = 1.34; t55 = 1.50, p =0.14).
Additionally, VVIQ scores for the misophonia group (M = 3.27, SD = 0.58)
were not significantly different from those for the control group (M = 3.12,
SD = 0.70; ts5 = 0.91, p = 0.37).

Furthermore, CAIS scores were significantly correlated with DMQ symp-
tom severity scores (r = 0.42, p < 0.001), indicating that those who scored
higher on the DMQ also reported having more clear auditory imagery. The
vividness of auditory imagery (BAIS-V) was marginally correlated with DMQ
symptom severity scores (r = 0.25, p = 0.052). However, visual imagery
(VVIQ) was not correlated with DMQ symptom severity scores (r = 0.046,
p = 0.73). Neither the clarity of auditory imagery (CAIS), the vividness of
auditory imagery (BAIS-V), nor the VVIQ scores were correlated with PAVS—
OVS difference scores on bodily sensation scales or pleasantness ratings (all
r values < 0.24, and all p values > 0.1). Overall, participants with higher
DMQ symptom scores tended to have clearer auditory imagery, yet the clarity
of auditory imagery was not predictive of how well the PAVS stimuli reduced
bodily sensations compared to the OVS stimuli. We note that these compar-
isons were not corrected for multiple comparisons. A Bonferroni correction
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Figure 3. Correlation between visual, auditory, and Duke Misophonia Questionnaire (DMQ)
symptom severity scales. Pearson correlations between DMQ symptom scores and Vividness of
Visual Imagery Questionnaire (VVIQ), Bucknell Auditory Imagery Scale for Vividness (BAIS-
V), and the Clarity of Auditory Imagery Scale (CAIS), as well as PAVS—OVS ratings across the
pleasantness and bodily sensation scales. Best-fit lines were added for a significant correlation
between variables.

considering the nine different comparisons made above would imply a thresh-
old of alpha = 0.005. The correlation between CAIS and DMQ scores survived
this correction. Figure 3 shows graphs for the above correlations, and Table 5
shows the associated » and p values.

4. Discussion

In this study, we solidified the notion that reactions to misophonic trigger
sounds are malleable and susceptible to higher-level cognitive influences.
Importantly, our results demonstrated the multisensory nature of the miso-
phonic experience. We showed that PAVS synchronized with common trigger
sounds can significantly reduce feelings of unpleasantness and the intensity
of bodily sensations in both a misophonia and a control sample. This find-
ing extends our previous results on a neurotypical population (Samermit et
al., 2022), showing that sound-swapped video stimuli are just as effective at
reducing negative reactions in people with misophonia. In fact, the current
study found that people in the misophonia group experienced more relief in
bodily sensations from the PAVS stimuli than control participants, whereas
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both groups experienced similar effects on pleasantness ratings. This interac-
tion indicates that reported bodily sensations may be more representative of
the misophonic experience than pleasantness ratings.

The majority of the misophonia participants had at least two sound-swapped
video pairs that were effective at reducing misophonic reactions, which indi-
cates that our stimuli set is adequate to cover most cases of misophonia.
Our rating analyses are supported by open-ended text descriptions provided
by participants about their qualitative experience participants in response to
the stimuli. Misophonia participants not only used more words to describe
their bodily sensations in response to each stimulus, but they also referenced
specific body parts more frequently. In addition, their descriptions of bodily
sensations were more negative in nature compared to the control group.

Additionally, we examined whether other traits, such as visua