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Research Paper

Attentional bias malleability as a predictor of daily
pain interference
Jemma Todda,b,*, Patrick J.F. Clarkec, Alicia Maria Hughesd, Dimitri van Ryckegheme,f,g

Abstract
Despite a preponderance of pain-related attentional bias research, little is known about how these biases arise and change over
time. We tested whether the degree of attentional bias malleability, that is, ability to acquire and relinquish patterns of selective
attention towards pain information, predicts daily pain interference. Individuals with chronic pain (N 5 66) completed a novel
attentional bias malleability procedure based on a modified dot-probe paradigm. Participants received a contingency that
encouraged an attentional preference toward and away from pain words across 2 counterbalanced blocks, and attentional bias was
assessed before and after each contingency block. Participants then completed a daily diary for 7 days, including the Patient-
Reported Outcomes Measurement Information System-29 pain severity and interference. Multilevel modelling was conducted to
predict daily pain interference from attentional bias malleability constructs, controlling for pain severity and demographic factors.
Greater attentional bias (F1,391 5 3.97, P5 0.047), greater readiness to acquire an attentional bias (F1,389 5 4.92, P5 0.027), and
less readiness to lose an acquired attentional bias toward pain (F1,354 5 5.18, P5 0.024) all predicted less pain interference. There
was also an interaction between pain severity and overall attentional bias malleability (F1,62 5 5.48, P 5 0.023), such that as pain
severity increased, those who showed greater attentional bias malleability showed less corresponding increase in their pain
interference than those who showed less attentional bias malleability. This study adds new thinking to the dynamic nature of
attentional bias and how such biases might arise and influence pain outcomes.

Keywords: Attentional bias, Chronic pain, Attentional malleability

1. Introduction

For more than 2 decades, preferential attention to pain (and pain-
related information) has been theoretically considered an
important factor in the maintenance of pain and associated
disability.32 Research has rapidly expanded in this area, with 2
meta-analyses finding small differences in attentional bias to pain
information between individuals with and without chronic
pain.8,26 However, despite a sound theoretical basis, research
generally fails to find an association between attentional bias and
pain-related antecedents, consequences, or, indeed, degree of

pain itself.8 This is particularly evident in trials attempting tomodify
attentional bias, where it has been difficult to establish whether a
reduction in attentional bias forms the mechanism of change for
improved pain outcomes.22,23,27 What has not been considered
is the degree to which an individual can adapt their attentional
preference in response to changing environmental conditions
that render a particular pattern more or less adaptive. Individual
differences in the ability to acquire and relinquish patterns of
selective attention, here termed “attentional bias malleability,”
may influence the degree to which the presence of pain interferes
with functioning.

Research has found relationships between attentional bias
malleability and anxiety responsiveness. In particular, malleability
of attention toward anxiety-related information has been shown
to predict increased trait anxiety in response to stress,5 better
adjustment to the transition from primary to secondary school15

and a greater reduction in anxiety after a cognitive-behavioural
intervention.4 However, malleability of attention away from
anxiety-related information did not predict anxiety-related out-
comes in response to changes in environmental stressors.5,15 No
studies to date have assessed the relationship between
malleability towards vs away from pain information and the
relative impact on pain outcomes.

Here, we test whether attentional biasmalleability predicts pain
outcomes (ie, pain severity and pain interference, asmeasured on
the Patient-Reported Outcomes Measurement Information
System-29 [PROMIS-29]).3 Furthermore, given past findings
showing that the interaction between attentional bias and pain
severity predicts daily pain interference20 and consistent with
models of pain (interference) such as the misdirected problem
solving model,9 we evaluated the hypothesis that greater
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attentional bias malleability would predict less pain interference,
controlling for pain intensity.

Using a standard dot-probe–based attentional bias modifi-
cation procedure, participants were delivered alternate contin-
gencies that favoured attention towards and away from pain
information across sequential blocks. Changes in attentional
bias across these blocks were assessed as predictors of
subsequent pain outcomes, measured using ecological mo-
mentary assessment.

2. Method

This study was preregistered (https://osf.io/edr6k/) and ap-
proved by the University of Sydney’s Human Research Ethics
Committee.

2.1. Participants and sampling procedures

Participants were undergraduate students recruited across 2
large Australian universities, who participated in exchange for
course credit. These students could choose to complete a
battery of screening questionnaires, which enabled studies to be
offered to individuals based on their screening results. Only
individuals who had indicated that they were aged between 18
and 60 years, were experiencing persistent or chronic pain that
had lasted for at least 3months, and were able to see and sign up
for this study were included. Participants were also required to be
fluent in English, have normal (or corrected to normal) vision, and
no history of head injury. To use the electronic diary, participants
also needed to have a smartphone. The target sample size for this
study was 60 participants, based on similar diary-based studies
in this area.20 To allow for 20% dropout and 20% exclusion, we
aimed to recruit 100 participants. A total of 104 participants
signed up for the study.

2.2. Survey materials

The PROMIS-293,7 is a measure of general physical and mental
well-being over the past 7 days. It includes 4 questions across
each of the following 7 domains: pain interference, anxiety,
depression, physical functioning, sleep difficulties, fatigue, and
ability to participate in social roles and activities. These items are
rated on a 5-point Likert scale. The PROMIS-29 also includes a
single item on pain severity, which is rated on an 11-point Likert
scale from 0 (no pain) to 10 (worst pain imaginable). Although the
whole scale was used, only the pain interference and pain severity
items are reported here because they are most pertinent to the
prespecified study aims. The PROMIS was used at baseline as
described and was also adapted for daily use in the diary by
reducing the reference time to the previous 24 hours. Other
studies have demonstrated validity of adapting PROMIS ques-
tionnaires in this way for daily diary use.20

The study included demographic questions assessing age,
gender, and ethnicity, aswell as items assessing pain experience,
including years lived with pain, and current pain intensity.

2.3. Malleability task

The malleability task is based on the paradigm as used in other
studies.4,5,15 The malleability paradigm consisted of 5 blocks of
trials using the dot-probe task: 3 attentional bias assessment
blocks where no contingency existed between pain and neutral
stimuli and 2 contingency blocks where the contingency favoured
selective attention towards either the pain or the neutral stimulus.

In one contingency block, the contingency favoured attention
towards pain stimuli, and in the other block, the contingency
favoured selective attention away from pain stimuli, with the order
counterbalanced. Figure 1 provides a visual representation of the
malleability paradigm.

Across all trials of the malleability assessment task, the basic
trial structure was the same. Each trial commencedwith a fixation
cross in the middle of the screen. This cross then disappeared
and was replaced by a word pair (1 pain-related and 1 neutral),
appearing above and below the fixation cross (3 cm apart). The
location of the pain-related word was counterbalanced across
trials. After 500 milliseconds, the word pair disappeared and was
replaced by a probe, either “,” or “.,” occurring in either the
same location as the pain-related word (pain congruent trials) or
the same location as the neutral word (pain incongruent trials).
Participants responded to the probe as quickly and accurately as
possible by pressing a button on their keyboard corresponding to
the type of probe presented. The next trial only commenced once
a response has been made. To increase accuracy, if a participant
pressed an incorrect button on the keyboard, an “incorrect”
message was displayed for 3 seconds, before the next trial could
be commenced.

For each assessment block, participants were presented with
96 trials in a randomorder, in which the probewas equally likely to
follow the pain word or neutral word. Faster responses to probes
after pain words compared with probes after neutral words are
taken to indicate an attentional bias towards pain information. The
contingency blocks each consisted of 288 trials. In one block,
probes consistently followed the pain word (contingency favour-
ing attention towards pain information, ie, pain congruent block),
whereas in the other block, the probes consistently followed the
neutral word (contingency favouring attention away from pain
information, ie, pain incongruent block). Each participant
completed one of each block, with the order counterbalanced
across participants.

Across assessment and contingency blocks, stimuli were pain
and neutral words, matched for number of letters and syllables.
See Supplementary File 1 for the list of words used (available at
http://links.lww.com/PAIN/B691). A total of 72 painwords and 72
neutral words were used across the study, divided into 3 lists of
24 words, presented 4 times for assessment blocks and 12 times
for training blocks. To not influence attentional bias assessment
by word familiarity, the first word list was used for the first
assessment and first training blocks, the second word list was
used for the second assessment and second training blocks, and
the third word list was used for the final assessment block. The
presentation order of the word lists was counterbalanced across
participants.

An attentional bias index was calculated for each of the 3
attentional bias assessment blocks (AB1, AB2, and AB3), as per
the traditional attentional bias index. To calculate this index,
average response time latencies for pain congruent trials were
subtracted from average response time latencies for pain
incongruent trials. The first attentional bias index (AB1) was used
as a measure of baseline attentional bias. To assess attentional
bias malleability, 3 indices were extracted from the attentional
bias assessment blocks. A measure of attentional bias mallea-
bility towards pain (AMtowards) was calculated as the difference
between attentional bias after a pain congruent block and
attentional bias before a pain congruent block. Higher values on
this index indicate greater readiness to acquire an attentional bias
towards pain in response to the pain congruent block. An
attentional bias malleability away from pain (AMaway) was
similarly calculated as the difference between attentional bias
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after a pain incongruent block and attentional bias before a pain
incongruent block. Higher values on this index indicate greater
readiness to acquire an attentional bias away from pain. Finally,
an overall attentional bias malleability (AMoverall) index was
calculated as the total extent to which attention changed in line
with each contingency block across the malleability procedure.
This was calculated as the sum of the absolute changes across
each block: |AB2 2 AB1| 1 |AB3 2 AB2|.

2.4. Procedure

This study consisted of 2 parts: a baseline assessment session
and aweek-long daily diary. The baseline sessionwas conducted
online throughMillisecond Inquisit Web14 and took approximately
45 minutes. After obtaining informed consent, participants
completed a screen calibration procedure to ensure consistency
in presentation across different screens before completing
demographic items and questionnaires. They then completed
the malleability paradigm as described.

After completing the baseline session, participants were
emailed instructions for the diary component of the study, which
they commenced the following evening. This was completed
through the SEMA3 App, an ecological momentary assessment
(EMA) app developed at the University of Melbourne for EMA
research. At 7 PM each night for 7 nights, participants received a
push notification inviting them to complete that day’s pain diary.
Participants were given 3 hours in which to complete the diary for
that day. The diary consisted of the PROMIS-29 questions
adapted to refer to outcomes over the past 24 hours. The diary
took approximately 2 minutes per day to complete.

2.5. Data cleaning and analysis

Given that chance accuracy on the task was 50% and in line with
a similar exclusion criterion adopted in past studies,11,16,25 any
participant falling below 75% accuracy on any of the attentional
bias blocks was excluded. In addition, if any participants
indicated at the time of testing that they had not experienced
chronic pain for .3 months, their data were also excluded from
analysis. Finally, as a quality criterion, data from participants who
did not complete at least 4 of the 7 pain diaries, or who did not
complete all study questionnaires and tasks, were excluded. This
is consistent with previous diary-based research.18,20

The reaction time data from dot-probe assessment blocks
were cleaned by first removing incorrect trials and trials with,150
milliseconds or.2000 milliseconds response times (3.2%-5.3%
of trials across blocks). Then, trials with a median absolute
deviation of .2.5 were removed (5.8%-7.7% of trials across
blocks). Data were cleaned and sorted in RStudio.19 Baseline
data analysis was conducted in IBM SPSS.13 Multilevel data
analysis was conducted in jamovi,24 using the general analyses

for linear models (GAMLj) module.10 Fixed effects were used for
repeated measures indicators, and random effects were used for
subject-level factors. The Satterthwaite method was used for
calculating degrees of freedom. Effect sizes (h2

p) were calculated
in RStudio using the “effectsize” package, providing the pro-
portion of variance explained by each predictor. As a rough
indicator, effect size values of 0.01, 0.06, and 0.14 were taken to
represent small, medium, and large effect sizes, respectively6;
although as these guidelines were developed for h2, they should
not be over-interpreted.

3. Results

3.1. Descriptive statistics

Of the 104 participants who signed up to the study, 4 participants
withdrew due to technical difficulties (n5 2), lack of time (n5 1),
or did not specify a reason (n 5 1). An additional 19 participants
did not complete all parts of the study (n5 5 completed part 1 but
not part 2; n 5 14 completed ,4 diaries). Of the 81 participants
who did complete the study, 15 participants were excluded at the
data cleaning stage (n5 8 reported not experiencing chronic pain
at the time of testing, n5 6 did not complete the attentional bias
assessment with sufficient accuracy, and n 5 1 had incomplete
data). The final sample was 66 participants who were included in
all analyses.

Of the final sample, 55 identified as female, 10 identified as
male, and 1 identified as nonbinary. Where gender was included
as a covariate, the nonbinary participant’s data were combined
with female participants’ data to create a dummy-coded
categorical variable (ie, male vs female/nonbinary). The sample
ranged in age from 18 to 56 years, with amean of 23.83 years (SD
5 8.91). Participants mostly identified as Australian or Aboriginal
Australian (68%), although there was diversity in the remaining
ethnicities (11% Asian, 6% Caucasian/British, 6% European, 6%
Middle Eastern, 1.5% African, and 1.5%Russian). All participants
were university students.

To be eligible for this study, participants needed to have
experienced persistent pain for at least 3months. Years lived with
pain varied widely between ,1 year and 20 years (M 5 4.48
years, SD 5 4.76), with 78.8% of the sample having lived with
chronic pain for longer than 1 year. At the time of baseline testing,
on average, participants reported a pain severity level of 3.83 of
10 (SD 5 1.88).

3.2. Baseline correlations between attentional bias and
Patient-Reported Outcomes Measurement Information
System pain outcomes

Baseline correlations between attentional bias variables and
PROMIS pain variables are presented inTable 1.AMtowardswas

Figure 1. Attentional bias malleability procedure. Participants complete 2 cue-probe contingency blocks (one where contingency favoured selective attention
toward pain stimuli and onewhere contingency favoured selective attention away frompain stimuli, with the order counterbalanced across participants), separated
by attentional bias assessment blocks. AB, attentional bias; AM, attentional bias malleability.

Copyright © 2022 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.
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negatively associated with baseline pain severity (r 5 20.269, P
5 0.029), such that those with greater pain severity showed less
attention bias malleability towards pain. Post hoc analyses
revealed that the association between AMtowards and pain
severity was no longer significant (r 5 20.088, P 5 0.417) when
controlling for baseline attentional bias through partial correla-
tions. There were no other significant correlations between
baseline attentional bias or attentional bias malleability indices
and baseline PROMIS pain scores.

3.3. Attentional biasmalleability predicting daily pain severity

First, multilevel analyses were conducted to predict daily pain
severity from malleability constructs, as shown in Table 2.
Gender, age,malleability block presentation order (away-towards
vs towards-away), and baseline attentional bias were included as
covariates, and the 3 malleability indices (AMoverall, AMtowards,
and AMaway) were included as predictors of daily pain severity. In
this analysis, no covariates were significant predictors of daily
pain severity. Baseline attentional bias, AMtowards, and AMaway
were also not significant predictors of daily pain severity.
However, AMoverall significantly negatively predicted pain
severity, such that those with greater attentional bias malleability
reported less daily pain severity (F1,58.2 5 4.09, P5 0.048, h2

p 5
0.07), representing a moderate effect size.

3.4. Attentional bias malleability predicting daily
pain interference

Next, multilevel analyses were conducted to predict daily pain
interference from malleability constructs. Gender, age, mallea-
bility block presentation order (away-towards vs towards-away),
baseline attentional bias, and daily pain severity were included as
covariates, and the 3 malleability indices (AMoverall, AMtowards,
and AMaway), as well as their interaction with daily pain severity,
were included as predictors of daily pain interference.

Results indicate that gender, age, and daily pain severity were
significant predictors of daily pain interference (Table 3). That is,
those who identified as female/nonbinary, were older, or reported
greater daily pain severity also had greater daily pain interference.
Controlling for these constructs (and block order, which was not
significant), there were main effects for baseline attentional bias
(F1,3915 3.97, P5 0.047, h2

p 5 0.01), such that those with higher
baseline attentional bias to pain showed greater pain interfer-
ence. Although there was not a main effect of AMoverall, both
AMtowards (F1,389 5 4.92, P 5 0.027, h2

p 5 0.01) and AMaway
(F1,354 5 5.18, P5 0.024, h2

p 5 0.01) were associated with pain
interferencewith a small effect size, such that greater readiness to
acquire an attentional bias towards pain predicted greater pain

interference and greater readiness to lose an attentional bias
toward pain predicted less pain interference, respectively.

There was also an interaction effect between daily pain severity
and AMoverall (F1,62 5 5.48, P5 0.023, h2

p 5 0.08), such that as
daily pain severity increased, those who showed greater overall
malleability in their attentional bias showed less increase in their
daily pain interference than those who showed less attentional
bias malleability. This interaction effect was of a moderate effect
size and is illustrated in Figure 2.

4. Discussion

The aim of this study was to determine the extent to which
attentional bias malleability predicted daily pain interference in
peoplewith chronic pain.We testedwhether degree of attentional
malleability, and in particular, greater malleability in directing
attention towards and away from pain information, predicted pain
interference over the subsequent week. We found that greater
attentional bias to pain information, less malleability in attention
away from pain information, and greater malleability in attention
towards pain information predicted greater pain interference.
Furthermore, consistent with predictions, we found an interaction
between overall attentional bias malleability and pain severity,
such that with increasing pain severity, greater malleability served
to buffer against the impacts of pain severity, resulting in lesser
increases in pain interference.

Attentional bias towards pain information predicted daily pain
interference above the effects of pain severity. This is consistent
with previous research showing that people with chronic pain
display an attentional bias towards pain information,8,26 although
an association between attentional bias and pain-related out-
comes has not been consistently established.8 Surprisingly, little
research tests the association between attentional bias and pain
outcomes prospectively,27 yet such research is important to
establish attentional bias as a predictor, rather than an epiphe-
nomenon, of pain experience. Given no baseline associations
between attentional bias and pain were found, but attentional bias
predicted daily pain interference, above pain severity, our findings
tentatively indicate that attentional bias could precede pain
interference, rather than being a product of pain itself. Theoretical
models suggest a causal role of attentional bias in pain,31,32

although evidence from longitudinal and interventional studies with
clinical samples is less clear.27 Further investigation of the potential
causal role of attentional bias and attentional bias malleability
through experimental manipulation is required, particularly before
or during the development of chronic pain.

The direction of malleability in attentional bias was found to
predict pain interference, controlling for pain severity. That is,
individuals who displayed greater propensity to adapt their pattern

Table 1

Correlations between baseline measures of attentional bias, attentional bias malleability, and Patient-Reported Outcomes

Measurement Information System pain measures.

ABpre AMoverall AMtowards AMaway Mean SD

Pain interference 20.009 20.196 20.079 0.135 10.91 4.20

Pain severity 0.104 20.058 20.269* 0.063 4.74 1.73

Mean 0.11 51.11 20.10 0.13

SD 21.77 32.98 32.07 34.27

*P , 0.05, **P , 0.01.

AB, attentional bias; ABpre, baseline attentional bias index; AMaway, change in attentional bias during training away from a pain block (more negative numbers signify a greater decrease in attentional bias); AMoverall, absolute

change in attentional bias across the 3 bias assessment blocks; AMtowards, change in attentional bias during training toward a pain block (more positive numbers signify a greater increase in attentional bias).
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of attention bias towards pain showed greater pain interference,
and reciprocally, thosewhodisplayed a greater propensity to adapt
their pattern of attention bias away from pain showed less pain
interference. This pattern suggests that greater malleability to
acquire an attentional bias, and more difficulty or resistance to
decreasing an attentional bias, may lead to greater vulnerability to
pain interference. This is consistent with the finding that those who
had already acquired an attentional bias to pain information at
baseline showed greater pain interference, while also potentially
explaining how this attentional bias may arise. One previous study
found a similar pattern in anxiety, in which people who showed
greater readiness to acquire a threat-related attentional bias were
more likely to subsequently show an increase in anxiety symptoms
over time in response to sustained stress.5 However, greater
readiness to acquire an attentional bias has also shown benefits
such as predicting a better treatment response to cognitive
behavioural therapy for social anxiety4 and a greater reduction in
anxiety symptoms in the adjustment from primary school to

secondary school.15 In some circumstances, acquiring an
attentional bias could be helpful in managing a current threat,
whereas for chronic pain where pain no longer signals physical
damage, acquiring an attentional bias may be less adaptive.
Circumstances (eg, acute pain) in which acquiring an attentional
bias towards pain may be adaptive should be investigated.

This study also explicitly tested the malleability of attention by
exposing participants to contingencies favouring attention both
towards and away from pain information. The degree to which
attention was malleable overall did not predict pain interference
on its own but did interact with pain severity, such that attentional
bias malleability served as a buffer against increasing pain
severity. That is, with greater attentional bias malleability, pain
severity and interference were aligned at lower levels of pain, but
with increasing pain severity, interference increased less than
would be expected, given higher levels of pain. Taken together,
these findings indicate that although attentional bias is problem-
atic in potentially contributing to increased pain interference,
greater malleability in attention can help to buffer against the
impacts of pain at least at higher levels of pain.

This may have implications for attentional bias modification
techniques in identifying who may benefit most, and respond
best, to such interventions. Furthermore, the repeated delivery of
cognitive bias modification strategies may in fact increase
attentional bias malleability. This increase in malleability may help
an individual to adapt their attention as needed, creating a buffer
against pain-related interference. Individual differences in atten-
tional bias malleability may help to explain why attentional bias
modification techniques are generally effective, but effects remain
small and are not consistent across individuals.27 Furthermore,
some attentional bias modification trials have found that the
control group (in which trials towards and away from concern-
relevant stimuli were equally presented) shows improvements in
outcomes.1,21 This control procedure may train individuals to
attend toward and away from pain more flexibly, although a more
explicit test of this hypothesis is needed.

There is growing recognition that, rather than biased attention to
threat or pain content being “good” or “bad,” at times attention needs
to be directed towards real threats to avoid legitimate danger,
whereas other times attentional bias is less useful, particularly when
the potential threat does not require action or is not in fact
dangerous.17 As such, whether heightened attention to certain visual

Table 2

Attentional bias constructs predicting daily pain severity.

Variables Estimate SE df T P h2
p

Intercept 3.449 0.330 58.0 10.440 ,0.001 0.65

Gender 20.571 0.663 58.1 20.860 0.393 0.01

Age 20.042 0.027 57.9 21.569 0.122 0.04

Block order 20.117 0.475 58.0 20.246 0.807 0.001

ABpre 20.015 0.016 58.0 20.946 0.348 0.02

AMoverall 20.015 0.007 58.2 22.023 0.048 0.07

AMtowards 20.005 0.012 58.4 20.413 0.681 0.003

AMaway 20.009 0.011 58.7 20.804 0.424 0.01

h2
p , partial eta squared; ABpre, baseline attentional bias index; AMaway, attentional bias malleability away,

ie, change in attentional bias during training away from a pain block (more negative numbers signify a greater

decrease in attentional bias); AMoverall, attentional bias malleability, ie, absolute change in attentional bias

across the 3 bias assessment blocks; AMtowards, attentional bias malleability toward, ie, change in

attentional bias during training toward a pain block (more positive numbers signify a greater increase in

attentional bias).

Table 3

Attentional bias constructs predicting daily pain interference,

controlling for pain severity.

Variables Estimate SE df T P h2
p

Intercept 2.375 0.136 298.1 17.504 ,0.001 0.51

Gender 20.922 0.275 285.1 23.351 ,0.001 0.04

Age 0.024 0.010 376.6 2.498 0.013 0.02

Block order 0.054 0.183 360.7 0.293 0.770 0.002

Pain 0.880 0.057 56.7 15.337 ,0.001 0.81

ABpre 0.012 0.006 390.7 1.993 0.047 0.01

AMoverall 20.002 0.003 374.5 20.745 0.457 0.001

AMtowards 0.010 0.004 388.9 2.217 0.027 0.01

AMaway 0.010 0.004 354 2.275 0.024 0.01

Pain 3 AMoverall 20.004 0.002 61.9 22.340 0.023 0.08

Pain 3 AMtowards 0.000 0.002 74.2 20.212 0.833 0.001

Pain 3 AMaway 0.001 0.002 70.7 0.505 0.615 0.004

ABpre, baseline attentional bias index; AMaway, attentional bias malleability away, ie, change in attentional

bias during training away from a pain block (more negative numbers signify a greater decrease in attentional

bias); AMoverall, attentional bias malleability, ie, absolute change in attentional bias across the 3 bias

assessment blocks; AMtoward, attentional bias malleability toward, ie, change in attentional bias during

training toward a pain block (more positive numbers signify a greater increase in attentional bias); Pain, daily

pain severity.

Figure 2. Interaction between attentional bias malleability and daily pain
severity, predicting daily pain interference. Graph represents interaction,
controlling for all other variables in the modelling, and therefore, values
represent adjusted scores rather than observed scores. Pain severity and pain
interference originally measured on 0 to 10 numeric rating scales, with higher
numbers indicating higher pain severity and pain interference. AMoverall,
attentional bias malleability overall.
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information is helpful or not needs tobeassessedwithin thecontext in
which it occurs.21 The ability to direct attention toward or away from
certain information in response to changing situational demandsmay
in fact bemore important than an averagepropensity to attend to one
type of stimulus. Attentional bias malleability may draw on cognitive
processes, such as attentional control,2 or cognitive flexibility more
broadly. In light of this study, further research to identify the cognitive
factors underpinning attentional malleability could test whether
aspects of attentional control such as attention switching, cognitive
flexibility, or other cognitive biases, such as interpretation bias, can
account for the present findings in pain. These findings would have
implications for treatment targets. For example, if attentional bias
malleability is an aspect of cognitive flexibility, then treatments such as
acceptance and commitment therapy (ACT), which target psycho-
logical flexibility, could potentially produce benefits by facilitating
adaptive changes in attention bias malleability. Although there is
promise for the benefits of ACT for pain,12,30 the underlying cognitive
mechanisms that facilitate adaptive changes fromACThavenot been
thoroughly described, and it is possible that attentional bias
malleability could represent one such candidate process.

It is worth noting that although attentional bias malleability as
conceptualised in this study is entirely new, the techniques used to
assessmalleability constructs were not. This study relied on the dot-
probe and adapted attentional bias modification paradigms, and
therefore, limitations of reaction time–based assessments of
attentional bias to pain-related information apply here. Further
investigation of these processes with other attentional assessment
methods, such as eye tracking, or other pain-related stimuli, such as
conditioned pain cues, would help us to establish how robust the
present findings are across these different assessmentmethods. It is
also worth noting that we found gender differences in pain
interference, which we controlled for. However, our sample was
heavily skewed towardswomen, with a small male sample, and only
1 person identifying as non-binary, which limited our ability to test
whether our hypotheses applied equally across different genders.
Further research with robust sample sizes and a more balanced
gender representation would allow for better delineation of gender
effects. Furthermore, our sample all experienced persistent pain (.3
months), yet theywere drawn from a university sample andwere not
necessarily treatment seeking. Although the findings have potential
clinical implications because the study did not explicitly seek to
recruit a clinical treatment-seeking sample, it will be critical for future
research to replicate and extend these findings with a clinical
treatment-seeking pain sample. Finally, our study was conducted
entirely online, which was necessary given the impacts of the
COVID-19 pandemic, to enable people with chronic pain to safely
participate. Nonetheless, our data indicate high engagement with
the study and its tasks, with high accuracy on the dot-probe task,
and high levels of diary completion.

This is the first study to investigate individual differences in
malleability of attention bias toward (and away from) pain
information as a predictor of (fluctuations in) daily pain outcomes
and reflects current trends to consider attentional bias as a
dynamic, context-dependent construct. Going beyond cross-
sectional methods, this study used a 7-day pain diary, providing
real-world ecological momentary assessment data on pain
experiences that are less prone to recall bias, allowing more
sensitivemapping of pain severity and pain interference over time.

5. Conclusions

This study is the first to test whether attentional bias malleability
predicts daily pain interference above pain severity. Alongside the
traditional attentional bias index, being more ready to acquire (rather

than lose) an attentional bias and showing less malleability in
attention were important in explaining subsequent pain interference.
This study used a novel, ecologically valid, daily pain diary to better
capture pain outcomes. This study adds new thinking to the
dynamic nature of attentional bias, and in particular, how attentional
biasmalleabilitymight buffer against the impacts of pain interference.
With further research, these findingsmayhelp to improve theefficacy
of current attentional bias modification techniques, enabling more
targeted approaches based on individual differences in attentional
bias malleability, to improve current pain prevention and manage-
ment strategies.
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