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Itch and associated scratching is a common and dist-
ressing symptom of psoriasis. Here, we tested whether 
people with psoriasis, relative to healthy controls, show 
an increased vulnerability to auditory itch contagion (a 
deleterious influence) when presented with sounds of 
itch-associated actions of scratching and rubbing. We 
were also interested in whether manipulating the high 
frequency volume of these sounds alters itch perception. 
Results show that both groups rated scratching sounds 
as more itch-inducing than rubbing sounds, and the 
amount of induced itch increased as a function of high 
frequency volume. Furthermore, the influence of high 
frequency volume on induced itch was more pronoun-
ced in the psoriasis group, relative to controls. These fin-
dings demonstrate the role of auditory cues in eliciting 
sensations of itchiness in the absence of peripheral sti-
mulation. Reducing the high frequency volume of itch-
associated sounds may offer a novel approach for tar-
geted multisensory itch interventions. Key words:  itch; 
psoriasis; induction; vulnerability; susceptibility.
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Psoriasis is a chronic systemic inflammatory disease 
predominantly affecting the skin. Approximately 2% of 
the population are affected at any time with 85% of those 
experiencing itch (1, 2) which can have a detrimental 
effect on quality of life, sleep, mental wellbeing (3) and 
concentration. Treatment goals for psoriasis tend to focus 
on measurement of area and severity and assessment of 
quality of life (4, 5). Pruritus is a common symptom that 
is not always targeted although many treatments will 
have anti-pruritic effects. Although there are treatments 
specifically for pruritus, many have side-effects and 
limited impact in reducing psoriatic itch.

Itch is a multimodal experience. Scratching to alle-
viate an itch not only elicits a cutaneous perception, but 
also visual (e.g., sight of scratching, reddened skin), au-

ditory (e.g., sound of scratching) and kinaesthetic (e.g., 
movement of the limbs) sensations. Each non-cutaneous 
sense contributes to subjective feelings of itchiness. For 
example, watching itch-related stimuli in the absence 
of peripheral stimulation (e.g., ants crawling on the 
ground) is sufficient to induce itch (6, 7). Since itch 
can be amplified by concurrent non-cutaneous sensory 
information (8), this type of sensory feedback might 
also provide a means to reduce itch intensity.

Here, we explore auditory modulation of itch in peop-
le with psoriasis and age-matched controls. Jousmäki 
& Hari (9) demonstrated that modulating the sound of 
hands being rubbed together changes the perception 
of skin roughness. When they increased the volume 
of high frequency feedback, the skin started to feel 
smoother and drier (hence the name ‘parchment skin 
illusion’). Conversely, when reducing the proportion 
of high frequencies, the skin started to feel rougher 
and more moist.

The present study investigates whether itch percep-
tion can be selectively increased or decreased in a 
similar way and whether people with psoriasis would 
show an increased susceptibility to auditory itch con-
tagion. Addressing these questions may begin to offer 
novel solutions to the challenging issue of effectively 
treating psoriatic itch. 

MATERIALS AND METHODS
A full description of the materials and methods of this study 
can be found in Appendix S11. Briefly, the present study had 3 
aims. First, we asked whether itch can be induced by auditory 
stimuli in the absence of peripheral stimulation, by comparing 
the amount of itch induced by listening to scratching sounds 
relative to rubbing sounds (which act as a high-level baseline). 
A second aim was to evaluate whether the amount of induced 
itch varies linearily as a function of high frequency volume in 
the sound recordings. Finally, we asked whether people with 
psoriasis show an altered response to these experimental ma-
nipulations, relative to healthy controls.

Sixty-four patients with psoriasis and an equivalent number of 
healthy controls took part in this online study. Stimuli consisted 
of audio recordings where different targets were scratched or 
rubbed for 20 s. High frequencies (HF) above 1,000 Hz were 
then either increased or decreased in volume by 10 dB resulting 
in 3 different versions of each sound file: HF volume –10 dB, 
HF volume unchanged and HF volume +10 dB. After logging 
into a secure website, participants rated the intensity of itchi-
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ness (if any) induced by each sound on a 1–7 rating scale. All 
participants additionally completed the 5D itch scale (10). Par-
ticipants in the psoriasis group also completed the Self-assessed 
Psoriasis Area and Severity Index (SAPASI) (11).

For the statistical analysis, sound rating data were analysed 
using a Mixed 2 × 2 × 2 ANOVA, including the effect of High 
Frequency Volume modelled as a linear effect (linear effect pre-
sent vs. absent), Movement Type (rub, scratch) as a categorical 
within-subject factor, as well as group (psoriasis, control) as a 
between-subject factor.

RESULTS

Questionnaires

The overall 5D itch score was higher in the psoriasis 
group than in the control group (Table I). Similarly, the 
dimension scores for Degree, Duration, Disability and 
Distribution were significantly higher in the psoriasis 
group. The direction (i.e., amount of change in itch 
during the last 14 days, relative to the previous month) 
did not differ significantly between groups (t(126) = 
0.74, p = 0.46). However, the lack of a group effect for 
the direction scale should be interpreted with caution. 
The relevant question “Over the past 2 weeks has your 
itching gotten better or worse compared to the previous 
month?” is difficult to answer for someone not current-
ly experiencing itch (which was an inclusion criterion 
for the control group), and a response of ‘unchanged’ 
is scored with 4 points in the 5D questionnaire. This 
may also explain the relatively high overall 5D itch 
score of the control group, which is largely driven by 
the Direction sub-scale.

The mean ± SD SAPASI score of the psoriasis group 
was 13.26 ± 9.83 (range 2.6 –52.4) indicating that on av-
erage, symptom severity was moderate, although there 
were considerable differences between individuals.

Auditory itch data

A summary of the auditory itch data can be seen in 
Fig. 1.The ANOVA yielded a significant main effect of 
Movement Type (F(1,126)=49.67, p < 0.001, Cohen’s 
d = 0.34), indicating that across both groups, scrat-
ching sounds were perceived as more itch-inducing 
(mean ± SD 3.57 ± 1.34) than rubbing sounds (mean ± SD 

3.11 ± 1.40). There was also a significant main effect of 
group (F(1,126)=43.74, p < 0.001, d = 1.17), indicating 
that participants in the psoriasis group (mean ± SD 
4.01 ± 1.14) generally perceived the sounds as more 
itch-inducing than participants in the control group 
(mean ± SD 2.67 ± 1.14). Fig. 1 suggests a linear rela-
tionship between the amount of induced itch and HF 
volume. This was confirmed by the results of ANOVA, 
which revealed a significant linear main effect of HF 
volume (F(1,126)=62.97, p < 0.001, mean ± SD slope 
of 0.29 ± 0.42). Thus, for every increase in HF volume 
by 10dB, the amount of induced itch increased by 
0.29 points on the rating scale across both groups. The 
slope of this linear effect of HF volume was steeper 
in the psoriasis group (mean ± SD 0.37 ± 0.47) than in 
the control group (mean ± SD 0.22 ± 0.36), as indica-
ted by a significant HF volume by Group interaction 
(F(1,126)=4.12, p = 0.04, d = 0.36). This suggests that 
the psoriasis group was more strongly affected by the 
manipulation of HF volume than the control group. 
Finally, the slope of the linear effect of HF volume was 
steeper for rubbing (mean ± SD 0.37 ± 0.47) than for 
scratching sounds (mean ± SD 0.22 ± 0.36), as indicated 
by a significant interaction of Movement Type and HF 
volume (F(1,126)=14.29, p < 0.001, d = 0.36). Thus, 
the itch-amplifying effect of increasing the HF volume 
is more pronounced for rubbing than for scratching 
sounds across both groups. The three-way interaction 
of Movement Type, HF volume and group was not 
significant (F(1,126)=3.4, p = 0.07). All quadratic terms 
for the effect of HF volume in the ANOVA were also 
not significant [all F(1,126) < 2.72, all p > 0.10], sug-
gesting that the relationship of HF volume and amount 
of induced itch is best captured by a linear model.

Correlation analysis

To analyse the degree to which auditory itch conta-
gion may be linked to psoriatic symptom severity, 

Table I. Means (standard deviation) values of the overall 5D Itch 
score and its 5 underlying dimensions for the control group and 
psoriasis group. The final two columns provide the t and associated 
p values of the corresponding two-tailed independent samples 
t-test, to identify significant group differences

Control group Psoriasis group t p

5D Itch score 10.14 (3.21) 13.98 (3.43) 6.4 < 0.001
Degree 2.16 (0.98) 2.81 (0.69) 4.4 < 0.001
Duration 1.45 (0.73) 2.11 (1.10) 4.0 < 0.001
Direction 3.13 (1.18) 3.27 (0.96) 0.74 0.46
Disability 1.89 (0.89) 3.20 (0.95) 8.1 < 0.001
Distribution 1.58 (0.61) 2.58 (0.89) 7.4 < 0.001

Fig. 1. Degree to which listening to sounds induced feelings of itchiness 
in the participants, as indicated by ratings. The scale ranges from 1 (not 
at all) to 7 (extremely), with 4 as moderate. n = 64 for each group. Error 
bars indicate 1 SEM. HF: high frequency.
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the magnitude of the main experimental effects (i.e., 
magnitude of the linear effect of HF volume and cate-
gorical effect of Scratch – Rub) were correlated with 
the SAPASI score and the number of years patients 
had been living with the condition. This exploratory 
analysis indicated that the amount to which participants 
perceive the scratching sounds as more itch-inducing 
than the rubbing sounds (scratch – rub) was positively 
correlated with the overall SAPASI score, r(62)=0.29, 
p = 0.02 (Table II). Furthermore, the number of years 
living with the condition was negatively correlated 
(r(62) = –0.27, p = 0.03) with the effect of HF volume 
(i.e., the older the participants, the less pronounced the 
linear effect of HF volume). However, these correlation 
findings should be treated with caution, since correla-
tion coefficients are rather small and are not statistically 
significant after correction for multiple comparisons.

DISCUSSION

The present study demonstrates, for the first time, that 
itch-associated sounds of scratching and rubbing can 
induce feelings of itchiness in the absence of peripheral 
stimulation. Both healthy volunteers and psoriatic pa-
tients were found to be susceptible to such auditory itch 
contagion. These findings further our understanding of 
the psychological factors involved in the induction of 
itch and could provide the basis for novel multimodal 
itch interventions.

A first important finding of our study is that auditory 
stimuli can be powerful inducers of itch. Scratching 
sounds were perceived as significantly more itch-
inducing than rubbing sounds in both healthy controls 
and people with psoriasis. The magnitude of this ef-
fect was positively correlated with psoriatic symptom 
severity suggesting it may play a role in perpetuating 
chronic itch in psoriasis. However, the correlation was 
rather small and requires replication in a larger sample. 

A second main finding of the present study is that the 
amount of auditory induced itch varies as a function of 
the high frequency volume of the itch-inducing sounds. 
The present data set suggests that this relationship is of a 
linear nature, with an increase in high frequency volume 

by 10dB resulting in an increase of the amount of indu-
ced itch by about 0.3 points on the 7 point rating scale. 
Though relatively small in absolute terms, this effect 
was highly consistent across participants. Furthermore, 
the psoriatic group showed an increased vulnerability to 
such auditory itch contagion. In our study, non-diseased 
skin was scratched during the recording of the sounds. 
However, psoriatic skin is particularly dry, which likely 
increases the high frequency volume of the scratching 
sound. Thus, the present study may be considered as 
a lower bound estimate of the amount of auditory itch 
amplification in psoriasis. These findings could have 
important clinical implications as pruritus is a common 
and troublesome symptom in many psoriatic patients, 
which may or may not be controlled by conventional 
therapies some of which will have unwanted side ef-
fects. 

Looking ahead, the present study opens up a new 
perspective on the study of itch. While we used pre-
recorded scratching and rubbing sounds, future studies 
could ask whether the concurrent physical perception of 
itch (e.g., after a histamine prick test) is also influenced 
by auditory feedback. Such studies could pave the way 
for targeted interventions designed to eliminate auditory 
amplification of chronic itch. One possibility in this 
context would be to exploit the anti-pruritic effect of 
dampening high frequency volume via custom-made 
ear plugs with defined filter characteristics. Since the 
present study found that a manipulation of the high 
frequency volume is more effective for rubbing than 
for scratching sounds, such an intervention could be 
particularly promising for psoriatic patients who fre-
quently rub their skin.

More investigation is needed to discover what 
brain systems are involved when itch is induced by 
non-cutaneous sensory information. Most accounts of 
contagious itch assume that it involves some form of 
vicarious perception (6, 12). It is, however, currently 
unclear what specifically is being shared between the 
scratching person and the perceiver. The first possibility 
is that it is the motor act of scratching and associated 
somatosensory sensations of specific bodily locations that 
are being simulated in the perceiver’s brain, recruiting 
the auditory mirror neuron system (13). The second pos-
sibility is that insular-mediated sharing of affect (in this 
case the unpleasantness of itch), rather than vicarious 
perception of motor act and bodily target, gives rise to 
contagious itch. This account is based on evidence from 
the related phenomenon of empathy for pain (14). In the 
present study, participants were not able to perceive the 
bodily target of scratching. Nonetheless, listening to 
these sounds induced itch. Furthermore, sounds where 
a non-body target was scratched/rubbed (denim, polyes-
ter, leather) were perceived as equally itch-inducing as 
sounds associated with a body target (beard, hand, leg). 
This is difficult to reconcile with a motor/somatosensory 

Table II. Results of correlation analysis in the psoriasis group

 
Years living 
with condition

Effect of 
(Scratch – Rub)

Effect of 
HF volume

SAPASI score 0.37 0.29 –0.05
Years living with condition 0.09 –0.27
Effect of (Scratch – Rub)   –0.14

Table shows the magnitude of bivariate correlations (Pearson’s r) between 
the following 4 variables: Overall SAPASI score, Years living with condition, 
Effect of Scratch – Rub (i.e., the main effect of Movement Type), Effect 
of  high frequency (HF) volume (i.e., the slope of the linear effect of HF 
volume). Correlations that are statistically significant (at p < 0.05, uncorrected 
for multiple comparisons) are marked in bold.
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explanation, but in line with the idea that sharing of affect 
might give rise to contagious itching (15). Since auditory 
itch inducers lack a specific bodily target, they provide 
an interesting test case for future neuroimaging studies 
in the above-mentioned debate about the neural network 
underlying contagious itch.

The major limitation of the current study is that 
diagnosis of psoriasis and symptom severity relied 
on participants’ accurate self-reporting without sub-
sequent verification by a physician. However, adver-
tisement for the experimental group was restricted 
to psoriasis-specific forums, which increases the 
likelihood of accurate self-reporting of psoriasis (see 
also 16). Another limitation is that the present study 
relies on self-report data which are susceptible to re-
sponse bias. For example, completing the 5D scale at 
the beginning of the experiment (and additionally the 
SAPASI in the case of the psoriasis group) may have 
biased the participant’s responses in the subsequent au-
ditory task. Such a bias could explain the overall higher 
ratings in the auditory itch experiment obtained from 
the psoriasis group. However, it is difficult to explain 
the specific pattern of experimental results, especially 
the observed group by condition interactions, on the 
basis of a general bias towards itch. Since the present 
study relied on self-report data, it is crucial for future 
research to determine whether auditory itch contagion 
affects only subjective itch, or whether it generalizes 
to behavioural (e.g., scratching frequency) (6, 12, 
17) and brain-based markers of itch intensity (e.g., 
activity in itch-associated areas of the brain) (18). 
A final limitation is that we had no control over the 
volume settings of the computers of our participants, 
creating an additional source of variability compared 
to a lab-based experiment. However, the data pattern 
obtained from our control group was highly similar to 
that of previous group of healthy volunteers tested in 
a controlled lab setting (19) suggesting that the mode 
of data acquisition (online vs. lab-based) does not 
systematically influence the response. 

In conclusion, the current study represents an im-
portant development in understanding auditory itch 
contagion. Further research is needed to meet the ul-
timate aim of identifying a new non-pharmacological 
approach to the management of itch, a frequent and 
distressing symptom of psoriasis.
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