PAIN Publish Ahead of Print
DOI: 10.1097/j.pain.0000000000001916

Attentional biases in pediatric chronic pain: Aredyacking study assessing the nature of the

bias and its relation to attentional control

Sabine Soltanj Dimitri M. L. van Ryckegheft Tine Vervoor, Lauren C. HeathcoteKeith

Yeates®™’, Christopher Sear’, & Melanie Noel**"?

!Department of Psychology, University of Calgary

’Department of Experimental Clinical and Health P&yogy, Ghent University
®Department of Clinical Psychological Science, Maelst University

“*Department of Behavioural and Cognitive Sciencesyéfsity of Luxembourg
>Department of Anesthesiology, Periopérative & Raedicine, Stanford Medicine
®Alberta Children’s Hospital Research Institute

"Hotchkiss Brain Institute

8Mathison Centre for Mental Health Research & Edocat

" These authors contributed equally to this manpscri

Corresponding Author:

Sabine Soltani, MA

Email: ssoltani@ucalgary.ca

Department of Psychology, University of Calgary
2500 University Drive NW

Calgary, AB, T2N 1N4, Canada



Disclosures: There are no conflicts of interest related to tisk.

Manuscript details:

Number of text pages (including pages containiggrés and tables; excluding references, title
page, abstract): 32
Number of tables: 5

Number of figures: 4

Abstract

Attentional biases are posited to play a key molthé development and maintenance of chronic
pain in adults and youth. However, research to daseyielded mixed findings and few studies
have examined attentional biases in pediatric sasnflhe present study used eye-gaze tracking
to examine attentional biases to pain-related dtima clinical sample of youth with chronic

pain and pain-free controls. The moderating rolattgntional control was also examin&duth
with chronic painif = 102) and pain-free contrgls = 53) viewed images of children depicting
varying levels of pain expressiveness paired wéhtral faces while their eye gaze was
recorded. Attentional control was assessed usitigdquestionnaire and a behavioural task.
Both groups were more likely to first fixate on higain faces but showed no such orienting bias
for moderate or low pain faces. Youth with chrop#in fixated longer on all pain faces than
neutral faces, whereas youth in the control grodphéted a total fixation bias only for high and
moderate pain faces. Attentional control did notlerate attentional biases between or within

groups. The results lend support to theoreticalet®positing the presence of attentional biases



in youth with chronic pain. Further research isuieed to clarify the nature of attentional biases
and their relationship to clinical outcomes.
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Pediatric chronic pain is highly prevalent, affagtil1-38% of youth [30]. It is associated
with significant distress, functional impairmentdshigh psychiatric comorbidity [10; 53; 55].
Despite its prevalence and impact, a comprehensiderstanding of the factors contributing to
its development and maintenance remains elusiveoretical models of chronic pain posit that
attentional biases contribute to its onset and teaance [2; 11; 54], yet pain-related attentional
biases remain poorly understood, particularly intjio Given the significant increase in the onset
of chronic pain in adolescence [28], and the flaat &dolescent chronic pain often persists into
adulthood [55], a better understanding of undegymmechanisms during this developmental
period is critical for mitigating potentially lifehg impacts [31].

Attentional bias is defined as preferential atmmtio emotionally relevant or salient
information [9; 12]. Few studies have examined palated attentional biases in youth [23; 52],
and only a handful have examined clinical sampfe@uoth with chronic pain [3; 5; 22]. To
date, the literature on attentional biases in yeatioes findings with adult samples: results are
equivocal, with some studies reporting the presehes attentional bias toward pain-related
stimuli [3; 23], and others reporting no evidentattentional bias [22]. A recent systematic
review found weak evidence in favour of attentidsiak for pain-related information in youth
with chronic pain as compared to youth without ciiegain [6]. Only one of the studies in this
review assessed attentional bias using eye-trackegthodology [23]. Eye-tracking is especially

advantageous for such research because it proaidiesct measure of attention to stimuli over



an extended interval, unlike tasks that use resptaitencies to infer the focus of attention at a
specific moment in time [44]. In this study, heglgouth showed an initial orienting bias toward
pain images, and this preferential attending wasitaiaed over a 3500 ms presentation time
[23]. There was also evidence of a moderating efieattentional control, such that for youth
with lower attentional control, higher anxiety wassociated with less dwell time on pain faces
[23]. Similar research with clinical samples is @ggary to determine whether and how
attentional biases in youth with chronic pain difiem youth without chronic pain, as this
remains unclear.

This is the first study to use eye-tracking to exsattentional biases to pain-related
facial stimuli in a clinical sample of youth witlhionic pain. The purpose of the investigation
was to assess: 1) the nature of attentional hias iiitial orienting bias; total fixation bias) a
clinical sample of youth with chronic pain as comgubto a pain-free control group; and 2) the
moderating effect of attentional control on attenél bias. We hypothesized that, consistent with
fear-avoidance models, youth with chronic pain wlaathibit an attentional bias for pain faces
that would differ from the bias of controls. We loyipesized that attentional control would
moderate attentional biases, such that lower abteadtcontrol would be associated with longer

total fixation times for pain faces.

Methods
Participants
All study procedures were approved by the UniversitCalgary Conjoint Health
Research Ethics Board. Consistent with the Canadsaarch ethics policy [41], youth who

were at least 14 years of age provided their cdriegrarticipate and signed a consent form.



Youth who were below the age of 14 were askeddwige their assent and signed an assent
form. In addition, one parent of each participaagérdless of age) attended the lab visit and
provided their consent and, for youth below the @fgb4, consent for their child to participate in
the study. The participants were youth aged 10eE8s/with chronic pairiN = 102, 71% girls,
Mage = 14.20 yearsSD = 2.29) and youth without chronic pain (the coh¢imup;N =53, 50%
girls, Mage= 13.49 yearsSD = 2.71). As a token of appreciation for their fE@pation, youth and

their parents were told at the outset that theylveach receive $20 gift cards.

Chronic pain group.

Youth were eligible if they were between 10 andy&8rs of age and were referred to a
chronic pain program for pain assessment and/atrtrent. Youth who did not speak English or
were diagnosed with a developmental disorder weteligible for the study. Participants were
recruited from three outpatient clinics (Heada@igjominal Pain, Complex Pain) housed
within the pain and rehabilitation center of a dheéin’s hospital in Western Canada. Recruiting a
mixed sample of youth with various pain conditi@msonsistent with previous research on
pediatric chronic pain [36; 38; 56]. To facilitatcruitment, clinical staff provided the study
team with the contact information of new patientd patients who had received care in the
program within the last year. Research staff altegated a list of participants who were
participating in a clinical outcomes study and vitaal consented to be contacted about future
studies. Research staff contacted prospectivecpgatits to provide information about the study,
along with an option to decline participation. Duyirecruitment, youth were confirmed to have
experienced persistent or recurrent pain for atl@anonths, consistent with the current

definition of chronic pain endorsed by the Interoiadl Association for the Study of Pain (IASP)



[33]. These youth were recruited as part of a lalgegitudinal study that examined mechanisms

underlying chronic pain and mental health issues.

Control group of youth without chronic pain.

Youth were eligible if they were between 10 and/&8rs of age and did not endorse the
presence of chronic pain (i.e., recurrent or pesigain lasting 3 months or more). As with the
chronic pain sample, youth who did not speak Ehgliswho were diagnosed with a
developmental disorder were not eligible for thedgt Youth who comprised the control group
were recruited via a hospital-based registry ofthgdamilies in Western Canada who were
interested in participating in pediatric healthated research. Similar to the protocol used to
recruit the chronic pain sample, research staffamiad prospective participants via email and

telephone to provide information about the study.

Procedure

Either during or 1-4 weeks prior to their laborateisit, youth and parents provided
consent using an online consent form and complgtedtionnaires via REDCap, a secure online
data collection tool [20]. Parents completed questaires that collected sociodemographic
information. Youth completed self-report measupeadsess pain characteristics and attentional
control. Youth and parents then visited the hospigged research laboratory, located within the
clinical milieu of a tertiary-level chronic pain émehabilitation center. During this lab visit,
participants completed an eye-tracking task andhaoural measure of attentional control (the

flanker visual filtering task).



Self-report measures
Demogr aphic characteristics.
Parents were asked to report sociodemographicnaoon including youth age, sex,

ethnicity, and annual household income.

Pain characteristics.

Youth in the chronic pain group completed the Rairestionnaire [39]. Youth were
asked to report their primary pain location usingpdy map [43]. Youth reported how long their
pain problem had been present (in years and moattisjts frequency over the past 7 days
(rated on a 5-point Likert scale ranging from “ao@ll” to “daily”). The Pain Questionnaire was
developed by Palermo and colleagues [39] to agseasety of pain characteristics in youth
with chronic pain. It is comprised of a series iofg&-item questions (e.g., “How much do aches
or pains bother or upset you?”). This measure basrdented reliability and validity in youth
with chronic pain [39] and has been used in previ@search to assess various pain
characteristics in pediatric clinic samples, suelpain duration, location, unpleasantness, and

interference [4; 35].

Pain outcomes: Pain intensity and interference.

The Patient-Reported Outcomes Measurement Infoom&ystem (PROMIS-25)
Pediatric Profile (version 1.0) was used to aspassinterference. PROMIS instruments are
short forms developed by the National Institutesleélth to assess a variety of physical and
mental health symptoms across the life span. Thlesevere created using item response theory,

which produces more precise and informative meaqd@& using fewer items, thereby reducing



respondent burden [29]. The 4 items of the Paierletence subscale are rated using a five-point
Likert scale ranging from 0 (“never”) to 4 (“almaatvays”). Total scores range from 0 and 16,
with higher scores indicating greater difficultyesthe past 7 days. This scale is valid for use
with youth with chronic pain [29]. Total scores weransformed into standardized T-scores. For
the current sample, internal consistency of paierfarence subscales was goad-(.82). Pain
intensity was rated on an 11-point numerical ratiogle (NRS) ranging from O (“no pain”) to 10
(“worst pain you can think of”), with the ratingflecting average pain intensity in the past 7
days. The NRS has been shown to be a valid arablelmeasure for assessing pain intensity in

youth with chronic pain [7].

Attentional Control Scale (ACS).

The ACS is a 20-item measure that assesses arndudi¢ self-reported level of
attentional control [13]. Items are rated on a #phikert scale, with higher total scores
indicating greater self-reported attentional conffhe measure consists of two subscales that
assess attention focusing and attention shiftihg. ACS has good reliability [13]. The ACS has
been shown to have good construct validity andlpéti factor structure in pediatric samples
[49]. Exploratory and confirmatory factor analysdéshe ACS have consistently supported a
two-factor structure (attention focusing and aftenshifting), with some variations as to which
items can be excluded from the calculation of tatal subscale scores [27; 37; 40; 49]. For the
analyses reported below, the ACS total score aneésjmonding scales were calculated excluding
item 9, as recommended to enhance factor strufitied increase measure precision [27; 37;

40; 49]. For the current sample, internal consisgesf the ACS was good: = .85).



Eyetracking apparatus and task.

Eye movements were recorded using an EyeLink 198Qracking system (SR Research
Ltd.), which uses infrared video-based trackingntextogy. The system has a 1000 Hz sampling
rate, allowing for a temporal resolution of 1 m#&fwvan average gaze error of less than 0.5
degrees of visual angle. Images were shown oniaci1BenQ XL2430T computer display
positioned approximately 90 cm away from the pgréint. Images were 14 em in height and 13
cm in width, and the centre of each image was &t8t5 cm from the fixation marker. Prior to
the presentation of each pair of images a fixathanker was displayed in the centre of the
display for 500 ms to standardize the startingtpospf participants’ gaze for each trial.
Participants were instructed to focus on the fo@inarker during the 500 ms and then to view
the images subsequently presented. The two imagesawranged horizontally in the display,
with an image placed on the left and the rightheffixation marker location. Participants’ eye-
gaze was measured continuously throughout the B8@0gfresentation time for each trial. The
two images presented were defined as interest areélas system programming, and fixations to
these areas were automatically registered by tbdragking system. Fixation data were
processed using the EyeLink Data Viewer softwake R&search) to filter for blinks, missing
data, and other recording artifacts (using theulegettings). To be included in analyses, a
fixation had to be at least 100 ms in durationusedjal, adjacent fixations less than 100 ms in

duration were merged into a single fixation.

Eyetracking stimuli.
Stimuli consisted of 40 grey-scaled images of Hedint children (5 boys and 5 girls,

ranging in age from 9-16 years) depicting pain aedtral facial expressions. These images were



used in previous research investigating attentibresles for pain-related stimuli in healthy
children [52]. The images were taken from videmrdmgs of children experiencing an
experimental pain task (the cold pressor task [21]}l levels of pain expression assigned to the
images correspond to observer ratings of pain it {b60]. Children and their parents provided
permission for these images to be used for resgangioses. For each of the 10 children in the
images, 4 images represent 4 categories of fagmession: neutral face, low pain face,
moderate pain face, and high pain face (see Fiurehe stimulus set consisted of 30 pairs of
images, each pair showing 2 images of the samd, @k with a neutral face and the other one
of the 3 pain expressions (low, moderate, high;Fgere 2). Each pair was duplicated, with the
neutral and pain face switching locations, thenssylting in a total of 60 pairs (20 neutral-low

pain pairs, 20 neutral-moderate pain pairs, ande2iral-high pain pairs).

Flanker visual filtering task.

Participants completed a flanker visual filteriagh [18] to provide a behavioural
measure of attentional control. This task measamaadividual’s ability to ignore irrelevant or
distracting stimuli while processing target stim{8lj. The flanker visual filtering task is the most
frequently used task for assessing this aspecteagfudive inhibition. The present study used the
same version of the task used in previous stu8ie®], which is a simplified version of the
visual filtering task with child-friendly stimulin this version of the task, a central target (an
image of a fish facing either left or right) is pemted on a computer display and is flanked by
congruent (facing the same way) or incongruenirftathe opposite way) fish placed on either

side of the target.
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Participants were seated in front of a computeritooand were shown a series of trials
depicting a horizontal row of five fish. For eacial, participants were asked to respond as
quickly as possible and indicate whether the mididle was facing either left or right by
selecting the left or right keyboard key. Thereevevo types of trials: congruent and
incongruent. Congruent trials were trials wherdia# fish pointed in the same direction (> > >
> > 0or < < < <<). 0Onincongruent trials the foighf pointed in the opposite direction of the
target fish (> > <> > or < <> < <). For each frtimuli were presented until participants
selected a response or more than 3000 ms elapseredponse was not made within 3000 ms an
audio tone and the message “too slow” were predefita participant responded incorrectly, a
tone and the message “wrong response” were presdrtte intertrial interval was 1500 ms.
Participants completed two practice blocks of 28ldreach to familiarize them with the task.
After the practice trials, participants completé® fandomly presented experimental trials (60
congruent and 60 incongruent trials). Three 30sédweaks were provided during the task (at

40-trial intervals).

Statistical Analyses
Probability of first fixation (used to calculatedi fixation bias) and mean total fixation
time (used to calculate total fixation bias) weaécalated as attention parameters to assess the
initial orientation of attention and sustained iatiten, respectively [23]. Probability of first
fixation refers to whether a participant first figd on the pain face or the neutral face when the
pair of images was presented. A first fixation d@pain is thus characterized as a higher
probability that a participant first fixates on tpain face relative to the neutral face. The first

fixation bias was calculated as the proportiorrialg in which the pain face was first fixated
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divided by the total number of trials where thatfiixation was made to either face. Proportion
scores were calculated for each level of pain éageessiveness (high, moderate, low)
separately. The resulting proportion scores aesrpnéted as follows: a first fixation bias greater
than 0.5 reflects an initial orienting bias towaain faces; a first fixation bias equal to 0.5
indicates no bias; a first fixation bias less tBamreflects an initial orienting bias toward naiitr
faces and hence an initial attentional avoidangeaof faces.

Total fixation time was calculated by averaging tibial time spent fixating on each face
(pain face and neutral face) for each level of gaipressiveness separately (i.e., high pain,
moderate pain, low pain). To quantify the biaseéhtotal fixation bias scores (one for each level
of pain face expressiveness) were calculated byastilng the average of the total fixation time
for the neutral faces from the averages of thd fodation time for the pain faces (high pain,
moderate pain, low pain). Positive values indi¢cas total fixation times for pain faces were
longer than for the paired neutral faces, indiet¥ a total fixation bias (i.e., greater atten}ion
to pain faces. Negative values indicate that fidtation times for neutral faces were longer than
for the paired pain faces, indicative of attentlanaidance of pain faces.

Statistical analyses were conducted using SPS®mue2s (IBM Corp, Armonk, NY).
Statistical power was determined on the basis@fipusly published research [23; 52]. A power
analysis for the planned mixed-model analysis oiavee (ANOVA) with a medium effect size
(f>=.25,0 = .05, groups = 2; repeated measurements = 3)dted that a total sample size of 82
participants (41 in each group) would provide 808wer to detect a two-way interaction. Thus,
the current sample of 155 participants (102 chrpaia and 53 healthy control) provided more
than adequate statistical power. An additionalstteal power analysis was conducted to assess

the power of the regression analyses with atteatioontrol as a moderator. The results
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indicated that the sample size of 155 participamsld provide 81% power to detect a 5%
increase in variance accounted for (i.e., incrégagesquare) in the outcome variable by the
interaction effect (a small effect siz€:= .05). Effect sizes for statistically significartests
(Cohen’sd) are reported for key comparisons (wheérealues of .20, .50, and .80 correspond to
small, medium, and large effects, respectively).

Data were examined before prorating and deterntimé&e missing completely at random
(MCAR) using Little’s MCAR test, an essential assqtion before proceeding with various
techniques for the imputation of missing data [¥2Jc participants with missing data
constituting < 20% of responses within a scalacagied score was calculated for that scale
[17]. Descriptive, correlational, and ANOVA analgseere conducted using two-tailed
hypothesis testing. Independent samplests and chi-square tests were used to testdapg
differences in key variables (i.e., age, sex, &ttaeal control).

T-tests were used to determine if the first fixatmas score for each pain face, for each
group, differed significantly from chance (0.50hiah would reflect an orienting bias toward or
away from pain faces. Paired t-tests were useeterighine if the total fixation time for each
pain face, for each group, differed significantigrh the total fixation time for each of the
corresponding neutral faces. To test for groupedéifices in attentional biases, the first fixation
bias and total fixation bias scores were analyz#gumixed-model ANOVA, with group
(chronic pain, control) as the between-subjectiofaand pain expressiveness (low pain face,
moderate pain face, high pain face) as the witblrjexts factor. Significant interactions were
probed using-tests. Pearson correlations were used to tesiskmciations between attentional
bias measures and measures of attentional con&gldcores on the ACS and flanker task

performance). Moderation models, testing whethiengbnal control moderated the magnitude
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of attentional bias within each group, were carpatiusing the Hayes’ PROCESS macro for

SPSS (Hayes, 2018).

Results

Processing of Eye-Tracking Data

A total of 168 youth completed the eye trackintd$e raw eye tracking data was
examined prior to analyses to screen for sub-optilata recording and potential outliers.
Individual trials wherein no data was recorded (i@tal fixation time for the trial equal to 0 ms)
were interpreted as reflecting a lack of attendingecording errors and were coded as missing
(3.9% of all trials). No eye-tracking data was #ale for seven participants due to inadequate
calibration. The data from four participants wexeleded from all analyses due to sub-optimal
eye-tracking data (i.e., mean total trial fixatiome less than 2000 ms). Finally, two participants
were identified as statistical outliers on one arenof the attentional bias measures (using the
SPSS Explore function) and were excluded fromradlyses. The final sample consisted of 155

youth (102 in the chronic pain group and 53 indbetrol group).

Processing of Flanker Visual-Filtering Task Data

Consistent with previous research [8; 22], triaithwerrors and trials with response times
shorter than 200 ms or longer than 3000 ms werkiged from all analyses (2.7% of trials). In
addition, response times 3.0 standard deviationgeabr below the mean were considered
outliers and were excluded (0.61% of response tonesongruent trials and 0.91% of response

times on the incongruent trials). For each paréistpmean response times for congruent trials
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were subtracted from mean response times for imcemg trials to produce a conflict score, with

higher scores indicating greater interference engresence of distracting information [42].

Sociodemographic Characteristics and Descriptive Statistics

Sociodemographic information (i.e., sex, age, eibyihousehold annual income) is
listed in Table 1. For the youth in the chronicrpgioup, 61% were originally referred to a
headache program and 39% were referred to a corpplexprogram. There were more females
in the chronic pain group (70.6%) than in the coingroup (50.0%)X(2) = 7.11,p = .029. This
outcome is consistent with the sociodemographicacheristics of chronic pain samples in
previous research [35; 38], as well as the epidegyoof the condition in pediatric populations,
which finds that a higher proportion of girls aféeated by chronic pain as compared to boys
[30]. Over half of the youth in the chronic pairogp (54%) reported pain in one location and
just under half (43%) reported pain in multipleddons. Sixty-eight percent of youth reported
headache, 26% reported musculoskeletal pain, 18%6teel abdominal pain, 14% reported leg
pain, 11% reported chest pain, and 25% reportadipahe “other” category. The average pain
intensity level in the past week was 5.60 out of3D= 1.78). On average, youth reported a
pain duration of 3.38 yearSD= 3.25). When asked about pain frequency ovep#st 7 days,
52.0% of youth in the chronic pain group endorsay/gain, 15.7% endorsed pain “4 to 6 times
per week”, 22.5% endorsed pain “2 to 3 times pekije5.9% endorsed pain “1 time per week”,
and 2.9% endorsed no pain in the preceding week.

Descriptive statistics for the key variables oenatst are shown in Table 2. Youth in the
chronic pain group had lower scores on the AMS-(49.45;SD = 8.61) than youth in the

control group i = 54.15;SD= 9.03),t(152) = 3.17p < .01. Given the impact of chronic pain
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on attention and cognitive processing posited lepitétical models [16], and as evidenced in
previous research with adults [14; 15; 34], thitedence in ACS scores was expected. The two
groups did not differ with respect to ag@,48) = 1.58p = .118.

The flanker response times were analyzed usin@G@up: Chronic Pain, Control) by 2
(Trial Type: Congruent, Incongruent) mixed-model @MA. As expected, there was a
significant main effect of Trial Typés(1, 146) = 306.49 < .001, partiak” = 0.68 such that
response times for incongruent triald £ 525.65SD = 112.94) were slower than response times
for congruent trialsNl = 490.16 SD= 107.33), indicative of attentional interferertee to
distracting stimuli. The main effect of Group wa Bignificant,F(1, 146) = 0.02p = .883,
partials* < 0.01 nor was the interaction between Group aial Type ,F(1, 146) = 0.31p =
.580, partialy® < 0.01. For both groups, response times for inogeny trials Mpain = 524.26SD
= 107.02;Mcontroi = 528.16 SD= 123.88) were slower than response times for ey trials
(Mpain = 489.58 SD = 103.15Mconre1 = 491.21 SD = 115.44), and there was no indication of a

group difference in the interference effédpfin= 34.68 MSMcontroi= 36.95 ms).

First Fixation Bias

The data were analysed using a 2 (Group: Chronit Bantrol) by 3 (Pain
Expressiveness: Low, Moderate, High) mixed-modelDAM. There was a significant main
effect of Pain Expressivene$y2, 152) = 18.50p < .001, partiah® = 0.11 (see Figure 3),
indicating that initial orienting bias differed agunction on pain expressivenebof, pain= 0.50
SD = 0.10;Mmoderate pair 0.51,SD = 0.09;Mhigh pain= 0.56,SD = 0.10). The main effect of Group
was not significant=(1, 153) = 3.05p = .083, partiak? = 0.02, nor was there an interaction

between Group and Pain ExpressivenEg®, 152) = 0.65p = .562. Follow up one-sample
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tests indicated that for youth in the chronic pgioup and the control group there was a first
fixation bias for high pain face#/fain = 0.56;Mconwrol = 0.55) that was significantly greater than
chance (0.50)(101) = 5.93p < .001,d = 0.59, and(52) = 4.21p < .001,d = 0.58, respectively.
First fixation biases for low pain face¥ fain = 0.51;Mconrai= 0.47) did not significantly differ
from chance for youth in the chronic pain grotff01) = 0.71p = .480,d = 0.07, or for youth in
the control groupt(52) = 1.91p = .062,d = 0.26. The same was true for first fixation bsake
moderate pain faceMgain = 0.52;Mconroi = 0.50),t(101) = 1.79p = .076,d = .18, and(52) =

0.34,p=.737,d = 0.05, respectively.

Total Fixation Bias

Pairedt-tests were used to determine if the mean totatibx time for each pain facial
expression, for each group, was significantly gretitan the mean total fixation time for neutral
faces. For youth in the chronic pain group, tatedtion time for high pain faces (1220.34 ms),
moderate pain faces (1146.36 ms), and low pairsfékEL5.36 ms) was significantly longer than
total fixation time for the paired neutral fac§401) = 7.19p < .001,d = 0.71,t(101) = 2.83p
=.006,d = 0.28, and(101) = 2.09p = .039,d = 0.21, respectively. For youth in the control
group, total fixation time for high pain faces (962 ms) and moderate pain faces (1054.30 ms)
was significantly longer than for paired neutralds,t(52) = 3.86p < .001,d = 0.53,t(52) =
4.34,p <.001,d = 0.60, respectively, whereas the bias for lom ffaces (1064.79 ms) was not
t(52) =0.91p =.368,d = 0.12. Thus, for youth in the chronic pain graéoere was an attentional
bias for all of the pain faces, in contrast to youtthe control group who exhibited an
attentional bias only for high pain and moderat@ feces. This result suggests that youth in the

chronic pain group were more perceptive to paimiiithan youth in the control group, as they
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attended to low pain faces more than neutral fagbgh was not the case for youth in the
control group.

The total fixation bias data were then analysedgiai2 (Group: Chronic Pain, Control)
by 3 (Pain Expressiveness: Low, Moderate, High)ettimmodel ANOVA to determine if there
were within- and between-group differences in tlEgnitude of the biases. Figure 4 shows the
total fixation bias data for each group for eactelef pain expressiveness (low, moderate, and
high). There was a significant main effect of Pagvel, F(2, 152) = 23.06p < .001, partial® =
0.23. For the entire sample, total fixation biasgdain faces increased with each level of pain
expressiveness (i.Viow pain = 46.63,SD = 268.59;Mmoderate pair= 115.65SD = 310.95;Mhigh pain
=218.10SD= 335.33). There was no main effect of Graefl,, 153) = 0.01p = .909, partial
n? < 0.01. There was a significant interaction betw@eoup and Pain Expressivends, 152)
=3.39,p = .036, partial? = 0.04. This interaction was followed up usingsts to examine
within-group differences in total fixation bias teten pain expressiveness. For the chronic pain
group, total fixation bias for high pain facés £ 242.72 SD = 340.84) was significantly greater
than total fixation bias for low pain faced € 50.58,SD = 243.99){(101) = 6.91p < .001,d =
0.68, and moderate pain facés £ 92.06,SD= 328.90)#(101) = 4.78p < .001,d = 0.47. Total
fixation bias for low and moderate pain faces dit differ,t(101) = 1.36p =.177,d = 0.13.For
the control group there was a different patterbiates. Specifically, like the chronic pain group,
total fixation bias for high pain face®i(= 170.72SD = 322.35) was significantly greater than
total fixation bias for low pain faceM(= 39.04,SD= 312.94)1(52) = 3.41p=.001,d = 0.47.
Unlike the chronic pain group, however, total figatbias for high and moderate pain fadds (
=161.06,SD= 270.27) did not differt(52) = 0.22p = .826,d = 0.03, and total fixation bias for

moderate and low pain faces were significantlyedéht,t(52) = 2.88p = .005,d = 0.39. These
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results indicate that youth with chronic pain adlesh to moderate and high pain faces differently,
whereas youth without chronic pain did not, and yfeaith without chronic pain attended to low

and moderate pain faces differently, whereas yaith chronic pain did not.

Correlations between Attentional Bias Scores and Attentional Control

Bivariate Pearson’s correlations between the atteal bias measures (i.e., the first
fixation biases and the three total fixation bidsthe ACS total score, and the flanker task
conflict score are listed in Table 3 for the chmopain group and in Table 4 for the control
group. For the chronic pain group, there were atsically significant correlations between the
attentional bias measures and the two measureteatianal control (the ACS total score and
the flanker task conflict score; @ > .05). Interestingly, there was no correlatietween the
ACS total scores and the flanker task conflict esdr = -.03,p = .750).

For the control group, total fixation bias for Ipain faces was negatively correlated with
total score on the ACS € -.30,p = .030). First fixation bias for moderate paindaavas
positively correlated with the flanker task corflécore ( = .32,p = .020). There were no other
significant correlations between the attentionaklbmeasures and the attentional control
measures (af)s > .05).As was the case for tleronic pain group, there was no correlation

between the ACS total scores and the flanker tasRict scoresi(=.06,p = .677).

Attentional Control asa Moderator of Attentional Biases
To test for a moderating effect of attentional cohtn attentional biases, regression
analyses were conducted using the PROCESS macg&PB$ [21]. Bias-corrected and

accelerated bootstrapping using 2000 samples wésped for all moderation models to
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maximize the robustness of hypothesis testing araditiress any potential issues of non-
normality. The ACS total score and the flanker tesiflict score were used as moderators (in
separate analyses), with group membership (i.eonahpain or control) predicting total fixation
bias to low, moderate, and high pain faces. Theltesf the moderation analyses are shown in
Table 5. The interaction effect of ACS total scbyegroup membership on total fixation bias to
low pain faces was statistically significabts: -10.25,p = .047; however, the overall model was
not statistically significant:(3, 150) = 2.16p = .096, and thus was not interpreted further. For
the other analyses, none of the models or intenaetifects were statistically significant (p >
.05). Although we had no reason to hypothesizexpeet that first fixation biases would be
moderated by attentional control, these moderatialyses were also carried out and none were

found to be significant (apps > .05).

Discussion
This study used eye-gaze tracking to assess atahbias for pain-related stimuli in a
clinical sample of youth with chronic pain and atol sample of youth without chronic pain. In
what follows, we review the major findings of otmdy and their implications for our

understanding of attentional biases in youth wittoaic pain.

Initial Orienting Bias

For both groups, youth exhibited a first fixatioias for high pain faces. This result is
consistent with Heathcote et al. [23], who fourfdst fixation bias for pain faces in a sample of
healthy youth. Taken together, findings to datedat that an initial orientating bias to pain

faces is present imoth youth with chronic pain and their pain-free pe@snsequently, we view
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this orienting bias to pain stimuli as reflecting@anmon underlying information processing bias,
as opposed to a consequence of chronic pain. it@gretation is consistent with the notion of
an evolutionary predisposition for pain stimulidapture attention [16]. However, given the

cross-sectional nature of our data, this conclusigrecessarily speculative at this time.

Total Fixation Bias

For both groups, total fixation bias increased wifich level of pain expressiveness, with
the strongest biases exhibited for high pain fates finding is consistent with the results of
Heathcote et al. [23]. In the present study, yauth chronic pain exhibited an attentional bias
for pain faces at all expression levels. As comp&oeneutral faces, youth in the control group
exhibited an attentional bias for moderate and p@hn faces, but not for low pain faces. Youth
with chronic pain appear to be more vigilant towalidevels of pain expressiveness as
compared to youth without chronic pain, who did appear to differentiate between low pain
and neutral facial expressions.

For total fixation biases, there was an interachetween group and pain expressiveness.
For the chronic pain group, total fixation bias mv and moderate pain faces did not differ,
whereas the bias for high pain faces was signifiganeater than the biases for low and
moderate pain faces. Conversely, in the contralgytotal fixation bias for high and moderate
pain faces did not differ, but both were greatantthe bias for low pain faces. One explanation
for this result is that youth with chronic pain mag habituated to moderate levels of pain
imagery, given the regular presence of pain irrtines, resulting in low and moderate pain
images being attended to similarly. Although theeze group differences in the magnitude of

the attentional biases to the different levelsafpmagery, it is important to keep in mind that,
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overall, youth with chronic pain group did not atlg¢o pain faces significantly more than youth
in the control group. Instead, youth with chron&mpwere distinguished from youth without
chronic pain by their attentional bias for low p&ces, and by their heightened attention to high
pain faces relative to moderate pain faces. Thus niot the presence of an attentional bias to
pain stimuli that differentiates youth with chromain, but rather the degree to which they attend
to different levels of pain expressions. Overall; cesults are consistent with theoretical models
that posit that attentional bias to pain stimuklgracterized by preferential attending to pain-

related information, or hypervigilance [1; 2; 2%, $4].

The Role of Attentional Control

An unexpected finding was that both self-report bakdavioural measures of attentional
control were largely unrelated to attentional bmesasures. Moreover, attentional control did not
moderate attentional biases for any of the paiadag either group. These results suggest that
attentional control, in and of itself, may not pkay important role in moderating attentional
biases in youth with chronic pain, nor in youthhwitit chronic pain. On the other hand, a
limitation of our study is that we focused soletythe association between attentional bias and
attentional control without factoring in other poti@l interacting mechanisms [23; 24]. Previous
studies that have found a moderating role of atieat control in youth [23; 24] have typically
examined it as a moderator of the link between itivgraffective variables and attentional bias.
It may be that, on its own, attentional control sloet play as influential a role in moderating
attentional biases to pain when other threat-reél&getors are not considered. For this reason
future research should examine attentional comiiiblin the context of goal-directed behaviour

and other contextual factors.
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Interestingly, youth with chronic pain had lowepszs on the ACS than youth in the
control group, yet performance on the flanker @isknot differ. Moreover, across both groups,
there were no statistically significant associaibetween attentional control and performance
on the flanker task. This finding aligns with retegsearch suggesting that, although widely
used to measure attentional control, the ACS mayeacessarily correlate with behavioural
indicators of attentional control, and, may in fanbre accurately assgssrceived abilityrather
than actual ability [40]. This may, in part, explavhy attentional control did not moderate
attentional biases in our study. Future researeimaxing the validity of the ACS as a measure
of attentional control in behavioral tasks, pattclyin pediatric samples, will help clarify

whether the ACS can be used as a proxy for belraltmsks.

Limitations and Directionsfor Future Research

This study had limitations that highlight importavtenues for future research. First, like
many studies on pediatric chronic pain, the samwglg fairly homogeneous, comprised primarily
of middle-class Caucasian youth. While this is espntative of samples from tertiary-level
pediatric chronic pain clinics [19; 38; 46], it lits the generalizability of the findings and
underscores the importance of conducting similseaech with more diverse samples. Second,
although the inclusion of a control group allowexdta compare attentional biases of youth with
chronic pain and pain-free peers, youth in therobgroup were not age- or sex-matched to the
clinical sample. Further, the face stimuli usethia current investigation depicted neutral faces
and three levels of pain expressiveness. Whilealtasved us to assess for possible differences
in attentional bias as a function of pain expremsass, it did not allow for a comparison with

other negative facial expressions (e.g., angenesx] fear). Future studies should seek to
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differentiate attentional biases to pain from thtwsether negative expressions such as anger,
sadness, and fear. It is also important to keepiimd that the faces used in this study were
evaluated and validated as indicative of acute.g@iven the unique experience of chronic pain,
these stimuli may not necessarily generalize irstrae way to a clinical sample.

While eye tracking paradigms overcome certain atioins of the dot-probe task, this
methodology is not without its own limitations. Adth other attention tasks, eye tracking data is
typically collected in laboratory settings [48]. ¢eatly, researchers have begun to question the
ecological validity of assessing attention in iy [31; 47; 48]. Indeed, the integrated
functional-contextual framework [48] posits thagadive biases (including attentional biases)
are context-dependent, dynamic, and interrelatdécld, assessing attentional biases in a
laboratory setting may not accurately capture fae as it manifests outside the laboratory and
in relation to the individual's own pain experiena®tivations, context, and goals. This
recognition has fueled a call for new paradigms taetinology such as ecological momentary
assessment (EMA) and augmented reality to increesi@gical validity and as a way to account
for personally salient, contextual factors, sucimasivation and goal-driven behaviour [31; 48].
Another goal for future research is to examineti@ships between attentional bias and
theoretical antecedents of chronic pain (e.g.,eg8ensitivity, pain catastrophizing) to better
elucidate how attentional biases may factor intetarg and future models of chronic pain [22].
Ultimately, to better understand the clinical jilof attentional biases to pain, prospective
research is necessary to examine how such mecharegate to or influence pain-related

outcomes and commonly co-occurring mental healthptyms.
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Conclusion

Attentional biases are hallmark factors in thegedtmodels of chronic pain development
and maintenance in both adult and pediatric pojauat2; 11; 54]. Yet, experimental research
to date has yielded mixed findings, with a pauoityesearch in youth as compared to adult
populations. In the present study, youth with amiti@ut chronic pain showed an initial orienting
bias and a sustained attention bias to pain f&exsip differences emerged when comparing
sustained attention to low pain faces. Attentiauadtrol, assessed through self-report and a
behavioural task, did not moderate attentionaldsdsetween or within groups. While research
in this area is nascent, these findings underdberetility of assessing attentional bias using eye
tracking, as differences between the groups it fhegierns of attending emerged only when
attention was measured over the entire 3-secorsgptation time. With advances in paradigms
and conceptualizations of attentional biases asgb#ynamic and contextually influenced, future
research will further elucidate the role and chiielevance of attentional biases in pediatric

chronic pain.
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Figure Legends

Figure 1.
Fig. 1. Example set of face images graded accotditigeir pain expressiveness (i.e., neutral,

low pain, moderate, high pain)

Figure?2
Fig. 2. Example trial for the eye-tracking taskpidéng a neutral face paired with a pain face.

Each pair of faces was presented for 3000 ms.

Figure3
Fig. 3. First fixation bias for the chronic pairogp and the control groupIndicates statistically
significant first fixation bias for high pain facess compared to the low and moderate pain faces

(p < .001). Error bars depict one standard error.

Figure4
Fig. 4. Total fixation bias for the chronic pairogp and the control groupndicates statistically
significant differencep < .01;” Indicates statistically significant differenges .001; Error bars

depict one standard error.
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Table 1.

Sociodemographic and Pain Characteristics of the Sample (by Group)

Chronic Pain GroupN = 102) Control GroupN = 53)
Mean age in years 14.20 (2.29) Mean age in years 4913.71)
Sex (% female) 70.6 Sex (% female) 50.0
Ethnicity (%) Ethnicity (%)
White (Caucasian) 86.3 White (Caucasian) 79.2
Aboriginal 4.9 Aboriginal 9.4
Black 2.0 Black 3.8
Latin American 2.0 Latin American 3.8
Arab/West Asian 2.0 Chinese 3.8
South Asian 1.0 Other 0.0
Other 4.9 Declined to answer 0.0
Declined to answer 1.0
Household income (%) Household income (%
<$10,000 to $29,999 53 < $10,000 to $29,999 0.0
$30,000 to $59,999 12.8 $30,000 to $59,999 7.0
$60,000 to $89,999 10.6 $60,000 to $89,999 9.3
More than $90,000 63.8 More than $90,000 76.7
Declined to answer 7.4 Declined to answer 7.0
Pain characteristics
Intensity out of 10 5.60 (1.78)
Interference T-score 55.27 (9.35)
Duration in-years 3.38 (3.25)
Pain location (%)
One location 54.1
Multiple locations 43.1
Headache 67.9
Musculoskeletal 25.7
Abdominal 18.3
Leg 13.8
Chest 11.0
Other 25.7

Note. "Indicates statistically significant group differeng < .05) based on independent groups t-
tests or Chi-square test. Standard deviationsrenplaeses.




Table 2.

Descriptive Satistics (mean, SD) of Key Variables

Variable Overall Sample Chronic Pain Group Control Group
(N =155)M (D) (N =102)M (D) (N=53)M (D)
First fixation bias (low pain face) 0.50 (0.10) 0/®.10) 0.47 (0.10)
First fixation bias (moderate pain face) 0.51 ©).0 0.52 (0.09) 0.50 (0.09)
First fixation bias (high pain face) 0.56 (0.10) 5®(0.10) 0.55 (0.09)
Total fixation bias (low pain face) 46.63 (268.59) 50.58 (243.99) 39.04 (312.94)
Total fixation bias (moderate pain face) 115.65(9%) 92.06 (328.90) 161.06 (270.26)
Total fixation bias (high pain face) 218.10 (335.33 242.72 (340.84) 170.72 (322.35)
ACS total score 51.06 (9.01) 49.45 (8.61) 54.15 (9.03)
Flanker task (congruent trials) 490.16 (107.33) .889103.15) 491.21 (115.44)
Flanker task (incongruent trials) 525.65 (112.94) 24.26 (107.02) 528.16 (123.88)

Note. ACS = Attentional Control Scal& = mean:SD = standard deviationindicates statistically significant difference beam the
chronic pain group and the control groyp<(05).



Table 3.

Correlations between Attentional Bias and Attentional Control Variables (Chronic Pain Group)

Variable 1 2 3 4 5 6 7
1. | First fixation bias (low pain) -
2. | First fixation bias (moderate pain) -.03 .
3. | First fixation bias (high pain) 12 20 =
4. | Total fixation bias (low pain) -.09 A1 .07 —
5. | Total fixation bias (moderate pain) 05 22 .05 | 44 -
6. | Total fixation bias (high pain) -18 14 14 61 56
7. | ACS total score -1 -04 -12 -0 -01  -04
8. | Flanker conflict score .06 -.09 .05 -.0 24 1-0 -.03

Note. 'p < .05,” p < .01, two-tailed test. ACS = Attention Control &ca




Table 4.

Correlations between Attentional Bias and Attentional Control Variables (Control Group)

Variable 1 2 3 4 5 6 7
1. | First fixation bias (low pain face) -
2. | First fixation bias (moderate pain face) A7 .
3. | First fixation bias (high pain face) 31 .20 -
4. | Total fixation bias (low pain) 33| =00 | .44 -
5. | Total fixation bias (moderate pain) A0 29 25 | 47 -
6. | Total fixation bias (high pain) 04 18 36| .57 | .40° —~
7. | ACS total score -09| .12 -20 -30 -11 | -19 —~
8. | Flanker conflict score -.02 32| .07 -.14 .16 -.02 .06

Note. ‘p < .05,” p < .01, two-tailed test. ACS = Attention Control &ca




Table 5.

Moderation Analyses with Attentional Control Variables

Outcome: Total fixation bias (Low Pain faces)

F(3, 150) = 2.16, p = .096, R? = .04 b (95%Cl) = t P
Constant 58.58 (14.86, 102.30) 22.13 2.65 p=.009
ACS total score -3.60 (-8.47, 1.28) 2.47 1.46| p=.147
Group 18.77 (-74.36, 111.91) 47.14 0.40| p=.691
ACS total score x Group -10.25 (-20.38, -0.13) 5.12 2.00| p=.047
Outcome: Total fixation bias (Moderate Pain faces
F(3, 150) = 0.729, p = .53é, R =.014 ) 0.(95%Cl) E t P
Constant 118.74 (67.36, 170.12) 26.00 457 p<.001
ACS total score -1.32 (-7.05, 4.41) 2.90 0.45| p=.650
Group 80.02 (-29.44, 189.49) 55.40 1.45 p=.151
ACS total score x Group -3.01 (-14.91, 8.89) 6.02 0.50| p=.618
Outcome: Total fixation bias (High Pain faces
F(3,150) = 1.13, p = .338FR29= 02 ) b (95% Cl) E t P
Constant 221.93 (166.85, 277.01) 27.88 7.96 p<.001
ACS total score -3.35 (-9.50, 2.79) 3.11 1.08| p=.238
Group -46.14 (-163.48, 71.19) 59.38 0.78| p=.438
ACS total score x Group -5.24 (-17.99, 7.52) 6.46 0.81| p=.418
Outcome: Total fixation bias (Low Pain faces
F(3, 144) = 0.02, p= .997,(R2 <001 ) b (95%CI) = t P
Constant 42.61 (-2.13, 87.36) 22.64 1.88| p=.062
Flanker Conflict -0.01 (-1.91, 1.90) 0.96 0.01| p=.994
Group -6.06 (-99.41, 87.29) 47.23 0.13| p=.898
Flanker Conflict x Group 0.35 (-3.46, 4.15) 1.93 0.18| p=.858
Outcome: Total fixation bias (Moderate Pain faces) b (95% ClI) E t p




F(3,144) = 1.72, p = .166, R* = .03

Constant 107.72 (57.80, 157.64) 25.26) 4.27 p<.001
Flanker Conflict 1.73 (-0.40, 3.86) 1.08 161 p=.110
Group 79.01 (-25.14, 183.17) 52.69 150, p=.136
Flanker Conflict x Group 0.11 (-34.14, 4.36) 2.15 0.05| p=.960
Outcome: Total fixation bias (High Pain faces

F(3, 144) = 0.64, p = .591,(Rzg: 01 ) b (95% C1) = t P

Constant 216.67(160.75, 272.58) 28.29 7.66 p<.001
Flanker Conflict 0.80 (-1.59, 3.18) 1.21 0.66| p=.659
Group -72.45 (-189.10, 44.19) 59.01 1.23] p=.222
Flanker Conflict x Group -0.64 (-5.40, 4.11) 241 0.27| p=.790

Note: b = regression coefficient (unstandardized). 95%idence intervals (Cl) in parentheses.
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