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Acute Itch Induces Attentional Avoidance of Itch-related Information

Sarah ETTY?, David N. GEORGE!, Antoinette I. M. VAN LAARHOVEN?3 and Henning HOLLE*
Department of Psychology, University of Hull, Hull, UK, 2Health, Medical and Neuropsychology Unit, Institute of Psychology, Faculty of Social
and Behavioral Sciences, Leiden University and 3Leiden Institute for Brain and Cognition, Leiden, The Netherlands

Attention is known to modulate itch intensity. In cont-
rast, the reverse relationship, i.e. the degree to which
the presence of an acute itch affects attention, is cur-
rently not well understood. The aims of this study were
to investigate whether acute itch induces an attention-
al bias towards or away from visual itch-related sti-
muli, and if so, whether it occurs in the early or later
stages of processing. A volunteer sample of 60 healthy
individuals were subjected to a skin prick (either his-
tamine or placebo), followed by completion of a spatial
cueing paradigm using itch-related and neutral words
as cues, in order to obtain reaction time estimates of
attentional bias. The results suggest that experience
of acute itch induces attentional avoidance of visual
itch threats. This attentional avoidance occurs at a
later processing stage in the form of facilitated disen-
gagement of attention from itch and/or delayed disen-
gagement from neutral information.

Key words: attention; pruritus; agonist; histaminergic.
Accepted Mar 31, 2022; Epub ahead of print Mar 31, 2022
Acta Derm Venereol 2022; 102: adv00691.

DOI: 10.2340/actadv.v102.1626

Corr: Henning Holle, Department of Psychology, University of Hull, HU6
7RX Hull, UK. E-mail: h.holle@hull.ac.uk

tch is a universally experienced somatosensory sensa-

tion characterized by the urge to scratch. It is impos-
sible to understand how itch is maintained, modulated
and reacted to without considering the influence of at-
tention. For example, itch may indicate the presence of
a potentially harmful event, such as a stinging or biting
insect (1), and attention has been shown to play a role
in the experience and processing of acute itch (2). Much
less well understood, however, is how the presence of
an acute physical itch modulates attention to visual itch
threats. There are 3 possibilities here. First, acute itch
could lead to enhanced attentional processing of visual
itch threats (i.e. hypervigilance); secondly, it could lead
to attentional avoidance of visual itch threats; or thirdly,
acute itch could have no impact on visual attention, simi-
lar to what has been reported for acute pain (3).

To the best of our knowledge, there is currently only
one study that has experimentally manipulated acute itch
to study its effect on visual attention (4). In that study,
participants were asked to detect lateralized visual targets
via button press with either the left or right index finger.
In half of the blocks, an electrical itch-inducing stimula-

SIGNIFICANCE

Attention has previously been demonstrated to modulate
itch intensity, but the reverse relationship of how the pre-
sence of an acute itch modulates attention is currently not
well understood. By experimentally manipulating acute
itch in healthy volunteers, this study demonstrates, for the
first time, that acute itch induces attentional avoidance of
itch-related visual information. This attentional avoidance
takes places in the later stages of processing, in the form
of facilitated disengagement from a threat stimulus and/or
delayed disengagement from neutral stimuli. Such atten-
tional avoidance of itch threats can be risky, since it may
be associated with accidental itch exacerbation in patients
(e.g. when attentional avoidance results in failing to spot
an itch-inducing substance).

tion was applied to one forearm. The results showed a
response-slowing for the arm affected by acute itch, inter-
preted by the authors as participants disengaging attention
away from the itch location. However, the effect was only
statistically significant in the second half of the blocks,
and the finding was not replicated in a later study (5).
Furthermore, due to the nature of their design, the results
do not allow conclusions about whether acute itch induces
a specific attentional avoidance of visual itch threats, or
whether it leads to generalized attentional avoidance.

According to Posner (6), visual attention can be con-
ceptualized as a spotlight, in that attention focuses on 1
particular field at a time (7). The spotlight can shift to a
different location with (i.e. overt attention) or without
(i.e. covert attention) any physical eye movement (8).
Control of the attentional spotlight is assumed to consist
of 3 separate elements; initial orienting of attention, enga-
gement with a stimulus, and subsequent disengagement
from the stimulus (9). Attentional bias (AB) is the con-
cept that some information types attract the attentional
spotlight more strongly than others.

AB is often assessed by means of computerized reac-
tion time tasks, such as the dot-probe task, the Stroop
task, or the emotional spatial cueing task (10). For ex-
ample, van Laarhoven et al. first induced acute itch in
healthy volunteers, who then completed a Stroop and a
dot-probe task (4). Participants showed a hypervigilant
response pattern towards itch-related words and pictures
in these tasks. However, this pattern cannot be causally
attributed to the prior experience of acute itch, because
of'the absence of a no-itch control group in the dot-probe
and Stroop task.
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The current study therefore had 3 aims. First, to deter-
mine whether there is a causal relationship between acute
itch and AB for visual itch-related information. Secondly,
to determine the direction of that bias (hypervigilance,
avoidance, or no bias) and thirdly, to assess whether the
bias occurs early during the attentional engagement pha-
se, or later during the disengagement phase. Participants
underwent a skin prick (either histamine or placebo) and
then performed a spatial cueing task to assess their AB.

MATERIALS AND METHODS
Participants

Sixty participants (54 female, 6 male, age range 18-37 years,
mean +standard deviation (SD) 20.35+3.64 years) participated
in the study, having given written informed consent. Data were
collected between October 2018 and October 2019. Participants
were randomly allocated to 1 of 2 groups (histamine, n=29, or
placebo, n=31, unequal group sizes due to an administrative er-
ror). This sample size was chosen because it is sufficient to detect
a large effect (Cohen’s d >0.8) in a between-group design with a
probability of 80% (2-tailed test, a=0.05), as indicated by a priori
power analysis (11). Participants were given either £8 or course
credit for participation. The study protocol was approved by the
local ethics committee.

Exclusion criteria were: history of allergy, acute or chronic skin
conditions, injury to wrist area, vascular disease, low blood pres-
sure, asthma, histamine intolerance, sensitive skin, hypersensitivity
to certain food types, history of fainting during medical procedures,
severe hearing or sight impairment, or pregnancy.

Emotional spatial cueing task

AB was measured with the emotional spatial cueing task (12),
which is an adaptation of Posner’s spatial cueing task. A cue word
on either the left- or right-hand side of a fixation cross was fol-
lowed by a target that appeared either in the same location as the
cue (so-called valid trial, 75% of trials) or on the opposite side of
the screen (so-called invalid trial, 25% of trials). The
participants’ task was to indicate via button press, as
quickly and accurately as possible, on which side of
the screen the target appeared. The keys “F”” and “J”
were used as response buttons, and participants were
asked to use their left and right index fingers to make
a response. The participant’s head was supported by
a chin rest at a distance of 50 cm from the screen.

Each trial began with a fixation cross in the centre
of the screen, along with 2 rectangles on either side
(height=86 mm, width=58 mm, distance between
rectangles=58 mm). After 1,000 ms, the cue word ap-
peared in 1 of the rectangles for a duration of 200 ms.
The cue then disappeared and after 50 ms the circular
target (visual angle 0.92°) was presented (see Fig. 1).
Thus, the stimulus onset asynchrony (SOA) between
cue word onset and target was 250 ms.

The threat words used in the cueing task related to
the sensory experience of itch and the visual appea-

Each block contained 32 trials, with 24 valid trials (12 neutral, 12
threat) and 8 invalid trials (4 neutral, 4 threat) and each participant
completed 3 blocks. The experimental blocks were balanced with
respect to the side on which a cue word appeared (left or right)
and the experimental factors of Validity (valid vs invalid) and
Cue type (threat vs neutral). The experiment was generated via
Presentation Version 20.2 (www.neurobs.com).

Reaction times (RTs) are typically faster for valid trials, due to
attention already being engaged with the cued location, and slower
for invalid trials, reflecting the cost of reorienting attention to the
un-cued location. The latency difference between invalid and valid
trials is referred to as the validity effect (RT, .. —RT ). Larger
validity effects for threat trials than for neutral trials indicate an
AB toward threat-related information (10) (hypervigilance). The
opposite pattern (larger validity effects for neutral trials) indicates
an AB away from threat-related information (avoidance).

Planned contrasts between valid and invalid trials for each cue
type can be used to reveal whether AB occurs either at an early
phase of attentional engagement or a later stage of attentional
disengagement (10). AB effects at the early engagement phase
are indicated by differences between neutral valid and threat valid
trials, with a pattern of RT =~ reat vatig S1ENifying early
hypervigilance (enhanced attentional capture), and a pattern of RT-
Seutral valid reat vaiia FEflECting early avoidance (delayed attentional
capture). AB effects at the later disengagement phase are indicated
by differences between neutral invalid and threat invalid trials, with
a pattern of RT, . eutal imvarig 1NAICating hypervigilance
in the later stages of processing (difficulty to disengage/stronger
attentional holding) and a pattern of RT, ., . eutral invalid
reflecting avoidance in the later stages of processing (facilitated
attending away from threat).

Procedure

First, participants practiced a few trials of the spatial cueing task
and familiarized themselves with the itch rating scale. Next, they
received a prick test on 1 wrist, followed by itch ratings and com-
pletion of the spatial cueing task. This was followed by a second
prick test on the opposite wrist, followed by a second itch rating
exercise. One of the prick tests was a histamine solution, and the
other was a solution of sterile water, which served as a placebo,
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50 ms

Fig. 1. Example of a valid threat
trial where word cue and
subsequent target appeared
in the same location. In invalid
trials, the target appeared on the

itchy/
+
itchy/

rance of itching skin. These words were previously
shown to be related to the experience of histamine-
induced itch (13). Control words were not related
to itch, and were matched with threat words on a
pair-wise basis for grammatical class, word length
and lexical frequency using the subtlex-UK database
(14) (see Table SI for stimuli).

g

200ms OPPosite side of screen in the
un-cued position. The task of the
participant was to identify the
position of the target as quickly and
accurately as possible. The latency
of that response, in milliseconds,
was the key outcome variable of

1000 ms the study.
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1st prick test
(either
histamine or
placebo)

attentional
bias task
training

1st itch rating

2 prick test
(either
histamine or
placebo)

attentional
bias task

2 itch rating

Fig. 2. Timeline of experiment. For the current study, only the data up until the attentional bias task (step 4) are reported. The data relating to the

second skin prick were collected for a separate research publication.

with substance and hand order counterbalanced across participants.
Participants were not informed of the placebo until the experiment
had concluded, and were advised at the time that both were hista-
mine prick tests. Once the experiment was completed participants
were fully debriefed (see Fig. 2 for overview of timeline).

Itch induction

Itch was induced via a histamine skin prick test. One drop of 1%
histamine dihydrochloride in aqueous solution was applied to
the forearm and then the skin was superficially punctured using
a lancet (Allergy Therapeutics, Worthing, UK). Saline solution
was used for the placebo condition. Starting 2 min after the skin
prick, participants rated the intensity of the itch sensation using
the 0—100 general labelled magnitude scale (15, 16). This rating
scale has verbal anchors with quasi-logarithmically placed labels
of “no sensation” at 0, “barely detectable” at 1, “weak” at 6, “mo-
derate” at 17, “strong” at 35, “very strong” at 53, and “‘strongest
imaginable sensation” at 100. Participants gave 1 rating every 20
s until 10 min since skin prick onset had elapsed.

Statistical analysis

Before the statistical analysis using the R package afex (17), trials
with very short (RTs <150 ms, 1.9% of data) and very long RTs
(> 1,000 ms, <0.1% of data) were removed. RTs outside +2 SDs of
a participant’s mean (3.4% of data) as well as incorrect responses
(0.9% of data) were also excluded. Planned contrasts between
threat and neutral trials in both validity types for each group
were carried out using the R package emmeans (18). Reliability
of the reaction time measure was estimated using the R package
splithalfr (19). Using a Monte Carlo simulation approach, this
involved splitting the data to produce 1,000 split half replications,
which were then used to estimate Spearman-Brown coefficients
as a measure of reliability. For all data and analysis scripts, see
https://osf.io/u3fbz/.

RESULTS

As a manipulation check, we first analysed the itch
ratings collected after the first skin prick. As expected,
mean itch ratings were significantly higher (t(33.8)=4.1,
»=0.0003) following a histamine (14.8 +15.8) compa-
red with the placebo skin prick (2.9 +3.8). When only
considering the last itch rating of the time course (i.e.
immediately before the spatial cueing task was star-
ted), this difference was also significant (histamine:
7.7+12.7; placebo: 2.7+4.9; t(39.1), p=0.045). A
similar pattern was observed for the second prick test,
where mean itch ratings were significantly higher for
histamine (17.2 +13.2) than for placebo (2.3 +2.9),
t(29.4)=5.9, p=2.262¢%.

Reliability of the spatial cueing task was high, with
a mean Spearman-Brown coefficient of 0.96 (95%
CI[0.93,0.98]) for valid threat, 0.93 (95% CI [0.90,
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0.96]) for invalid threat, 0.95 (95% CI1[0.93, 0.97]) for
valid neutral and 0.91 (95% CI [0.88, 0.94]) for invalid
neutral trials. RTs were analysed using a mixed 2x2x2
analysis of variance (ANOVA), with Group (placebo,
histamine) as the between-subjects factor, and Validity
(valid, invalid) and Cue type (threat, control) as within
subject factors. The ANOVA yielded a significant main
effect of Validity (F(1,58)=79.82, p<0.001) with invalid
trials showing longer RTs (M=334, 95% CI [321, 346])
than valid trials (M=304, 95% CI [294, 314]) across
both groups. Critically, a significant 3-way interaction of
ValidityxCue typexGroup (F(1,58)=6.09, p=0.017) was
also found. All other main effects and interactions of the
ANOVA were not significant (all Fs<2.03, all p>0.16).
As can be seen in Table I and Fig. 3, the 3-way interac-
tion was driven by the fact that in the histamine group
there was a difference in the size of the validity effects
for threat cues compared with neutral cues, whereas the
size of the validity effect was not modulated by cue type
in the placebo group.

Planned contrasts were then conducted to reveal
whether AB occurs either at an early phase of attentional
engagement or a later stage of attentional disengagement
(see methods). These contrasts showed a significant ef-
fect of cue type on invalid trials within the histamine
group only (»=0.013), with shorter RTs for threat trials
(336 +55) than for neutral trials (343 +52). None of the 3
other planned contrasts were significant; histamine valid
(»=0.259); placebo_valid (p=0.782); placebo_invalid
(»=0.503). Overall, the pattern of results suggests that
attentional avoidance occurred in the later processing
stages, with physical itch inducing avoidance of visual
itch threats via facilitated disengagement of attention.
Finally, 2 post hoc exploratory analyses indicated that the
magnitude of the AB score is not correlated with itch in-
tensity (all p>0.179) and that the side of itch stimulation
(either left or right hand prick) did not interact with the
other experimental factors (all p>0.055, see Appendix
S1 for more detail).

Table I. Mean (standard deviation) reaction times (RTs) in milliseconds
(neutral valid and invalid, and threat valid and invalid), and for both
groups (histamine and placebo). Also included are validity effects and
overall bias score

Threat stimuli Neutral stimuli

Validity Validity Bias score
Invalid Valid effect Invalid Valid effect [(Ti-Tv) -
(Ti) (Tv) (Ti-Tv)  (Ni) (Nv) (Ni-Nv) (Ni-Nv)]

Histamine 336 (55) 307 (47) 28 (27) 343 (52) 304 (42) 38 (29) -10 (18)
Placebo 329 (48) 301 (35) 28 (35) 327 (44) 302 (35) 25(27) 3 (22)
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Fig. 3. Meanreaction times (+1 standard error) for all trial types for the histamine

(n=29) and placebo (n=31) group.

DISCUSSION

This study aimed to identify whether acute itch indu-
ced AB towards or away from threatening itch-related
information in healthy individuals, and if so, whether it
occurred in the early or later stages of processing. The
main findings were that the experience of acute itch
induces an AB away from, or avoidance of, visual itch
threats and that this attentional avoidance occurs at a later
processing stage in the form of facilitated disengagement
of attention. At the same time, histamine may also have
slowed down the disengagement of attention from the
neutral words.

A robust main effect of validity was observed, in the
form of longer RTs for targets that appeared in an un-cued
location compared with a cued location. This is generally
interpreted as reflecting additional costs arising from
having to reorient attention away from the cued location
towards the un-cued location (10). Critically, the size of
these reorientation costs varied as a function of cue type
(itch vs neutral) and group status (histamine vs placebo),
with no differences observed in the placebo group, but
smaller validity effects for threats compared with neutral
cues in the histamine group.

The absence of a difference in the size of the validity
effects in the placebo group indicates that threat and
neutral words drew similar levels of attention when no
physical itch was present. This is in line with an earlier
report suggesting that visually presented itch-related sti-
muli are not processed in an attentionally biased manner
in itch-free individuals (20). In the current study, the itch-
related words may not have been perceived as threats by
the participants because decontextualized words activate
an array of possible meanings (21, 22). For example,
without context, the word “skin”” may activate the concept
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ofitch, but also other skin-related aspects and

cue_type sensations, such as skin smoothness, colour,
—e— threat .
-4 neutral temperature and pain.

In contrast, in the histamine group, the
simultaneous experience of acute itch provi-
des a context that shapes and constrains the
interpretation of the threat words. Since the
threat words were selected to be related to
the experience of histamine-induce itch and
participants encountered these words while
they were still itching, is highly likely that
the words specifically activated the intended
itch-related concept, rather than a whole array
of possible meanings (21, 23). This increases
the likelihood that the words are interpreted
as threats which are then attentionally av-
oided. At the same time, participants in the
histamine group may realise that some words
(i.e. the neutral words) in the study are not
itch-related and thus do not remind them
about the ongoing unpleasant itch sensation.
Participants may come to see these neutral words as
“safe cues”, which they attend to for longer, resulting in
the hypervigilance pattern observed for neutral words in
the histamine group. Overall, this pattern suggests that
acute itch induces an attentional avoidance of visual
itch threats. In addition to faster avoidant processing of
the itch-related information, histamine may also have
resulted in slowing down the attentional disengagement
from the neutral information; possibly because this in-
formation could not be placed within the itch-context.

One advantage of the spatial cueing task is that planned
contrasts can be used to clarify whether an AB occurs in
early or later processing stages. The current data suggest
that the pattern of attentional avoidance occurs in the later
processing stages, in the form of faster disengagement
from threat cues. Thus, acute itch seems to affect visual
attention in the later, more strategic stage of informa-
tion processing (24, 25). Furthermore, the pattern of
results from the exploratory analyses (see Appendix
S1) suggests that neither the severity nor the location of
acute itch influences the pattern of reaction times on the
spatial cueing task. This is similar to findings from the
related domain of pain, where pain intensity tends to be
unrelated to the magnitude of AB towards pain-related
visual stimuli (3).

While the current study has provided evidence for
avoidance in the later disengagement phase, this does
not preclude the possibility of additional earlier effects.
For example, the Vigilance-Avoidance hypothesis (26)
posits that in anxious individuals, AB is initially directed
towards threatening information, but that this is then fol-
lowed by later avoidance. In support of this, a study on
AB in anxiety (27) demonstrated using the spatial cueing
task that highly anxious participants showed hypervigi-
lance for threat-related images at a 100 ms stimulus onset
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asynchrony (SOA) in both the earlier (facilitated enga-
gement) and later (impaired disengagement) processing
stages. Highly anxious participants showed avoidance of
threat-related images, again in both the earlier (slower
attentional engagement) and later (faster attending away
from threat) stages of processing when the SOA was
increased to longer presentations of 200 and 500 ms. A
similar process might occur when experiencing itch, in
that avoidance was indicated in the current study when
using a somewhat longer SOA (250 ms in the current
study). Using a shorter SOA instead could well provide
evidence of early hypervigilance.

Recent research from the related domain of pain
suggests that, rather than being fixed and maladaptive,
attentional biases towards pain are in fact better cha-
racterized as functional phenomena that flexibly adapt
depending on context and motivation (23, 28). For ex-
ample, according to the Threat Interpretation Model of
Pain (TIMP, see (23)), a stimulus is only processed in
an attentionally biased manner if is categorized as pain
relevant and potentially threatening. In contrast, stimuli
that are not perceived as pain-relevant, or as pain-relevant
but not threatening, are assumed to be subject to normal
attentional processing. Such a theoretical approach could
explain the pattern observed in the present and previous
AB studies on itch processing. In itch-free individuals,
visual itch-related information is not processed in an
attentionally biased manner (see placebo group of the
current study, as well as (20)), because without the
context of physical itch, the visual stimuli are either not
interpreted as directly itch-related (e.g. due to semantic
ambiguity) or because of a lack of perceived threat. In
contrast, in participants already experiencing a physical
itch, visual itch-related information is more likely to be
perceived as threat and is therefore processed in an at-
tentionally biased manner, as indicated by the pattern in
the histamine group in the current study.

Interestingly, the TIMP predicts that the strength of
the perceived threat determines the direction of AB,
with moderate threats eliciting hypervigilance (in the
form of delayed disengagement) and strong threats
leading to avoidance (i.e. facilitated disengagement).
This could explain why an earlier study (4) observed a
hypervigilant pattern, whereas the current study obser-
ved avoidant attentional processing of visual itch threats.
In the study by van Laarhoven et al. (4), the AB tasks
(dot-probe and Stroop task) were started after most of
the physical itch had already decayed in participants,
resulting in only a moderate threat evaluation of visual
itch stimuli and subsequent hypervigilant processing.
In contrast, in the current study the physical itch sensa-
tion was more prevalent when the reaction time task
was started, arguably leading to visual itch information
being perceived as strong threats and therefore trig-
gering attentional avoidance. Finally, the current study
used threat words that specifically relate to the sensory
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experience of histamine-induced itch, whereas van Laar-
hoven et al. used stimuli that related to itch experiences
encountered in daily life. This difference in focality of
the employed visual stimuli might also influence the
direction of an AB.

A largely unexplored question is how attentionally
biased processing of visual itch threats interacts with
chronic itch. There is some evidence that patients with
psoriasis, where itch is major symptom, show increased
attention to disease-related words (29). Vigilant-avoidant
processing of pain-related information has been discus-
sed as a vulnerability factor for development of chronic
pain (30). Together with the avoidant processing pattern
observed in the current study, this raises the possibility
that attentionally biased processing might play a role
in the chronification of itch as well. More AB studies
involving patients are required to further explore this
clinically relevant question. Another important aspect
for future research is to test the extent to which such at-
tentional avoidance as demonstrated in the current study
in the laboratory extends to the natural environment,
where attentional avoidance of itch threats may increase
the risk of accidental exposure to pruritogens.

One limitation of the current study was that potential
patterns of hypervigilance towards itch-related stimuli
may have been missed because we used only one SOA
of 250 ms. Future studies could systematically vary the
length for which a threat cue is presented to investigate
whether, for example, shorter SOAs lead to hypervigilant
processing of itch-related stimuli. It could also be inte-
resting to measure levels of anxiety, since this variable
is known to affect AB (27). Another limitation was that
participants felt only relatively weak levels of itch by the
time the AB task was started.

In conclusion, the current study provided clear evi-
dence that, in healthy volunteers, acute itch induces
attentional avoidance of visual itch threats, in the form
of facilitated attentional disengagement of itch informa-
tion and/or delayed attentional disengagement of neutral
information. Future research in this area should focus
on the manipulation of different SOAs, as well as the
presence of AB among populations with chronic itch.
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