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important. Since other emotions were not observed following the paradigm, it is unlikely that group di�erences 
are related to changes in anxiety or depressive symptoms. �e analysis of VAS scores showed that misophonic 
video clips, but not the aversive video clips, elicited more anger, disgust and sadness in patients compared to con-
trols. Since ratings for aversive video clips were similar for both groups, we assume that anger, disgust and sadness 
triggered by misophonic stimuli are speci�c for misophonia patients. We conjecture that the sadness elicited in 
patients could re�ect despair, which accompanies the intense anger and disgust when repeatedly confronted with 
misophonic cues.

�e increased heart rate during the misophonic and aversive conditions in patients suggests apparent auto-
nomic arousal evoked by misophonic and aversive stimuli, and are in line with Edelstein et al.2 who suggested that 
patients with misophonia experience extreme aversive reactions in general.

Increased BOLD responses in the right ACC and right insula in patients re�ect activation of the salience 
network. �e ACC and insula are key nodes within this network7, of which the core function is detection and 
selection of emotionally salient information8. Quick discrimination between relevant and irrelevant information 
prepares for adequate behavioral responses26. ACC and insular activity has been linked also to increased cardio-
vascular arousal27. Misophonic cues are considered highly salient by misophonia patients, driven by heightened 
autonomic responses.

Interestingly, insular activity has been linked also to disgust28,29. �is is underlined by the increased subjective 
averseness-ratings by patients for the misophonic clips. Patients consider misophonic triggers usually as morally 
unacceptable1. Previous research has suggested that insular and ACC activity is implicated in moral assessment of 
stimuli30,31 which mediates attentional processes8. It is possible that patients could have perceived these stimuli as 
a personal harassment, thus triggering subsequent anger. A previous study comparing various anger provocation 

Patients Controls Statistical analysis

(Mean, SD) (Mean, SD)

Mann-Whitney U test p-valueTriggered emotions Condition (N = 21) (N = 23)

VAS scores

Misophonic

Anger 59.14 (14.99) 8.96 (9.04) 0.000 <0.001a

Anxiety 16.84 (18.47) 3.21 (5.24) 107.5 0.020

Happiness 39.06 (17.76) 54.13 (24.38) 107.0 0.020

Sadness 32.79 (25.51) 5.38 (9.45) 67.5 <0.001a

Disgust 68.31 (14.32) 16.33 (17.65) 6.0 <0.001a

Aversive

Anger 57.06 (21.44) 40.76 (23.54) 114.5 0.035

Anxiety 39.88 (26.49) 33.06 (24.94) 165.5 0.512

Happiness 31.61 (23.07) 33.19 (25.56) 188.0 0.989

Sadness 52.58 25.49) 34.14 (21.44) 104.5 0.016

Disgust 70.75 (17.69) 61.32 (28.67) 164.5 0.494

Neutral

Anger 11.03 (19.65) 4.45 (5.91) 176.0 0.728

Anxiety 11.90 (18.71) 2.69 (4.77) 156.5 0.364

Happiness 59.75 (25.70) 53.60(24.02) 166.5 0.530

Sadness 11.75 (16.76) 6.79 (14.26) 168.0 0.568

Disgust 11.13 (18.16) 3.70 (5.60) 172.5 0.646

Mood change after paradigm

POMS-SF change scores

Anger 0.19 (3.41) −0.70 (1.77) 164.5 0.048b

Depression 0.48 (3.61) 0.44 (1.15) 203.0 0.310

Fatigue 1.24 (2.74) 0.61 (1.67) 193.0 0.246

Vigor −2.00 (3.58) −1.26 (4.27) 201.5 0.343

Tension −2.62 (3.40) −2.22 (2.84) 228.5 0.754

Total Mood 
Disturbance 1.81 (12.16) −0.57 (6.65) 189.5 0.221

Physiological measurements

Inter beat interval 
(IBI) (Mean, SD) Condition (N = 14) (N = 19) Paired t-test

Misophonic 0.832 (0.089) 0.985 (0.138) Misophonic vs neutral:

Patients −4.385c <0.001

Controls 0.632d 0.535

Aversive 0.839 (0.082) 0.989 (0.141)

Aversive vs neutral:

Neutral 0.854 (0.082) 0.988 (0.134) Patients 3.229c 0.007

Controls −0.088d 0.931

Table 2. Triggered emotions (VAS scores), POMS-SF change scores and physiological measurements. 
aSigni�cant with Bonferroni correction p < 0.05/15. bSigni�cance level p = 0.05. cdf = 13. ddf = 18.
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methods showed that only methods that included personal contact, i.e. an interview or harassment of subjects, 
increased both self-report levels of anger and physiological reactivity32.

Patients also showed hyperactivity of the right superior temporal cortex. �is region plays a central role in 
selective auditory attention, especially in processing emotionally salient sounds26,33 explaining why misophonic 
cues increase auditory attention in patients. Sensitization of the auditory cortex may cause an increased response 
to a speci�c stimulus34, and on its turn amplify the patient’s emotional salience system, labeling misophonic sounds 

Figure 1. (A) Visual analogue scale (VAS) ratings (range from 0–100) were used to score how much anger, 
anxiety, happiness, sadness, and disgust each clip evoked for the participants personally. Misophonic clips 
provoked more anger (p < 0.001), disgust (p < 0.001) and sadness (p < 0.001) in patients compared to controls. 
(B) Change in anger sub scores on the POMS-SF. Graphs show the two mean anger sub scores �lled out 
before and a�er the paradigm. Misophonic patients had higher anger scores before and a�er. �e di�erence in 
anger change between the two groups was signi�cant (p < 0.048). (C) Heart rate was recorded as the interval 
between two heartbeats, the inter-beat-interval (IBI). Smaller IBI means faster heart rate, re�ecting increased 
physiological arousal. Patients showed larger di�erences between the mean IBIs for the misophonic and 
neutral condition (p < 0.001) and between the aversive condition and neutral condition (p = 0.007), i.e. more 
physiological arousal during the misophonic and aversive condition. No di�erences were found for controls.

Test Region Side Cluster size

MNI

Z pFWE-SVCx y z

Main effect of group controls >patients Inferior temporal gyrus R 890 44 −62 −12 4.29 0.001

Fusiform gyrus R 34 −78 −14 4.36

patients >controls misophonic condition >neutral condition

Insula R 45 32 12 −14 3.75 0.030

Superior temporal cortex R 246 60 −26 6 3.77 0.035

Anterior cingulate cortex R 237 4 44 16 3.48 0.046

Table 3. Brain areas that show increased activation.
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as being emotionally relevant. Importantly, even though audio levels of the clips of the three conditions were not 
controlled for, audio levels were the same in both groups during the paradigm, which strengthens these �ndings.

�e absence of signi�cant di�erences in amygdala activity was unexpected. A possible explanation is that the 
amygdala is speci�cally implicated in the processing of fear35. Reviews reveal that the amygdala is activated in 
sixty percent of studies examining fear36 and fewer than twenty percent of studies examining disgust, anger, hap-
piness, or sadness35. �e absence of activity in the amygdala is consistent with the absence of increased fear levels 
on the behavioral data. �is �nding underscores that anxiety is not a primary emotion in misophonia1, although 
it could still develop over time as anticipatory anxiety.

Our imaging results are in line with the study by Kumar et al.6, which reported as well that misophonic sounds 
were associated with activation of the anterior insula and ACC, and heightened heart rate. �ey were the �rst to 
postulate that misophonia is mediated by abnormalities in the salience network. �e results of this independent 
study con�rm their hypothesis.

Unexpectedly, controls showed a large activated cluster in the right inferior temporal gyrus and fusiform face 
area. �ese regions are involved in recognition of human bodies, notably faces37,38. We do not understand how 
this �nding relates to misophonia. Our previous EEG study suggested a defect in the processing of human sounds 
in misophonia patients4, but our fMRI results indicate that visual processing of human images may be implicated 
as well. It should be noted that in our study we only employed human stimuli because we believe these are the core 
triggers for misophonia. However, basically a myriad of sounds – human or non-human - could become salient 
and connected to an aversive response depending on context.

Noteworthy, the average duration of misophonia symptoms in our patient group was 21 years. It is plausible 
that longer duration, with repetitive exposure to misophonic triggers, could therefore be a factor for increased 
reactions39.

Our study has several limitations. First, the presentation of stimuli in a controlled laboratory setting lacks 
ecological validity. Gradient noise interferes with auditory stimulation26,40 and can induce stress and annoy-
ance26,41. Second, each misophonia patient has an individual pattern of misophonic trigger sounds that they 
react to. �erefore, the applied trigger sounds in the current study may not have evoked the maximal misophonic 
response in all the patients. However, to tailor all triggers for all participants was out of reach in this study. �ird, 
there may have been a selection bias of participants. Patients with the most extreme misophonic reactions could 
have refused participation for fear that being in the scanner itself may be too high of a burden to endure. Fourth, 
our results do not di�erentiate between misophonic and aversive triggers. �erefore, it cannot be excluded that 
misophonic symptoms are related to increased averseness levels.

In conclusion, we explored the neural correlates of misophonia with audiovisual symptom provocation. Based 
on our �ndings, we posit that misophonia involves a conditioned response with anger and physical arousal elic-
ited by human audiovisual triggers. �e symptoms are mediated by enhanced reactivity of the salience network in 
combination with hypervigilance, re�ected by sensitization of the auditory cortex.

Figure 2. Statistical maps showing increased activation in patients during the misophonic condition in three 
regions of interest: (A) right insula (pSVC = 0.030), (B) right ACC (pSVC = 0.046), and (C) right superior 
temporal cortex (pSVC = 0.035).
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