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Abstract: Cognitive behavioral therapy (CBT) is effective for pediatric chronic pain, but little is

understood about which youth are most likely to benefit. The current study aimed to identify indi-

vidual characteristics for which CBT yielded the greatest (and least) clinical benefit among adoles-

cents with chronic pain participating in a multicenter randomized controlled trial of Internet-

delivered CBT (WebMAP2). A total of 273 adolescents ages 11 to 17 with chronic pain (M age = 14.7;

75.1% female) were randomly assigned to Internet-delivered CBT or Internet-delivered pain educa-

tion and evaluated at pretreatment, post-treatment, and 2 longer term follow-up periods (6 and

12 months). Multilevel growth models tested several adolescent- and parent-level moderators of

change in pain-related disability including 1) adolescent age, sex, pain characteristics, distress, and

sleep quality and 2) parent education level, distress, and protective parenting behavior. Younger

adolescents (ages 11−14; vs older adolescents ages 15−17) and those whose parents experienced

lower levels (vs higher levels) of emotional distress responded better to Internet CBT treatment,

showing greater improvements in disability up to 12 months post-treatment. This study expands

knowledge on who benefits most from Internet-delivered psychological treatment for youth with

chronic pain in the context of a large multicenter randomized controlled trial, suggesting several

avenues for maximizing treatment efficacy and durability in this population.

Perspective: This study identified adolescent- and parent-level predictors of treatment response to

Internet-based CBT for pediatric chronic pain up to 12 months later. Younger adolescents and those

whose parents had lower levels of distress may particularly benefit from this intervention. Older adoles-

cents and those whose parents exhibit higher distress may require alternative treatment approaches.

© 2020 U.S. Association for the Study of Pain. Published by Elsevier Inc. All rights reserved.
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C
hronic pain affects 1 in 4 children and adoles-
cents,19,24 and is associated with disruption of
physical activity, reduced school attendance, high
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health care utilization and costs, poor quality of life in
youth, as well as emotional distress in youth and their
parents.16,31,49 Risk for ongoing pain, disability, and psy-
chiatric disorders can extend into adulthood, making
prevention and treatment of disabling pain in child-
hood a major public health priority.31,51 Considerable
progress has been made toward developing effective
psychological interventions for chronic pediatric pain,
with almost 60 randomized controlled trials (RCTs) com-
pleted using treatments delivered face-to-face or
remotely (see Eccleston et al7 and Fisher et al14 for
meta-analytic reviews). However, most trials demon-
strate small effects for reducing pain and disability,7

and there is large interindividual variability in treatment
response. Unfortunately, most trials report only
603
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average, group-level effects and have not identified
youth who benefit most from treatment. The experi-
ence of pain is influenced by a unique mosaic of demo-
graphic and psychosocial factors that may affect the
extent to which youth benefit from treatment.13

Recently highlighted as a top research priority by the
Federal Pain Research Strategy,20 examining treatment
moderators has been recognized as a promising
pathway toward translating scientific data from trials to
the treatment of individual patients in clinical
practice.8,25,26 Identification of treatment moderators
not only allows researchers and clinicians to direct exist-
ing resources to patients most likely to benefit from
them, but also facilitates identification of patients with
poor responsiveness, highlighting the best targets for
future tailored treatment.9,25 To our knowledge, there
have been no studies that have examined treatment
moderators in RCTs of psychological treatments for
pediatric chronic pain. This is a significant gap in knowl-
edge that has hindered progress in matching specific
treatments to patient subgroups.
Developmental models of pediatric pain impact can

help guide the study of treatment response modera-
tors. These models include sociodemographic factors
(ie, adolescent age, sex, parent education), pain
intensity, co-occurring symptoms (ie, mood and sleep
deficiency), and parent factors (ie, parent distress,
protective behaviors).32,36 Sleep deficiency and parent
distress have been identified as general predictors of
post-treatment outcomes in youth with chronic pain,
specifically predicting less improvement in pain-
related disability.11,28 However, associations have
been examined within a single treatment group.
Because similar associations may have also occurred
within the control or placebo groups, these findings
may reflect factors broadly associated with changes
in youths’ disability over time rather than those pre-
dictive of treatment response.26 In contrast, treat-
ment moderators are characteristics selectively
associated with better (or worse) outcomes in the
treatment condition relative to the control condition
and are therefore much more conducive to isolating
characteristics that predict response to treatment.26

Moreover, long-term treatment effects have been
investigated in just a few previous RCTs of cognitive
behavioral therapy (CBT) for pediatric chronic
pain,17,29,37,48 and much less is known about the long-
term efficacy of remotely delivered CBT interventions. It
is important to distinguish children who are at risk for
unfavorable long-term treatment outcomes from those
who maintain improvement after completing treatment
in order to determine whether additional monitoring or
tailoring of Internet-based CBT is needed to enhance
long-term efficacy.
To address these gaps in the literature, the current

study identified moderators of longer term treatment
response in a RCT evaluating an Internet-delivered pain
management program for adolescents with chronic
pain: Web-based Management of Adolescent Pain
(WebMAP235). Remotely delivered psychological inter-
ventions are uniquely positioned to extend the reach of
clinical services for pain management to families who
experience significant geographical or financial barriers
to receiving care. Thus, discovering ways to make even
small improvements in the efficacy and efficiency of
Internet-delivered interventions could translate to sub-
stantial positive effects at the population level. Guided
by theoretical models of pediatric pain impact, we con-
ducted a secondary data analysis examining several
potential adolescent- and parent-level treatment mod-
erators of WebMAP2 at 2 longer term follow-up periods
(6 and 12 months). Individual adolescent moderators
included age, sex, pain intensity, and co-occurring symp-
toms (ie, emotional distress, sleep quality). Parent-level
moderators included education, emotional distress, and
protective parenting behavior.
Methods

Participants and Recruitment
Participants included 273 adolescents ages 11 to

17 years (M = 14.7, SD = 1.6) with chronic pain (including
headache, abdominal, or musculoskeletal pain) and
their parents, who were randomly assigned to either
the active intervention (Internet-delivered CBT) or the
active control condition (Internet-delivered Pain Educa-
tion) of a multicenter RCT.35 The clinical trial is regis-
tered (Web-based Management of Adolescent Pain,
Web-MAP2; ClinicalTrials.gov Identifier NCT13165471).
Adolescents were referred by a health care provider
from 1 of 15 participating interdisciplinary pain clinics
across the United States and Canada. Inclusion criteria
for the adolescents were: 1) age 11 to 17 years, 2)
chronic idiopathic pain present over the previous
3 months, 3) pain at least once per week, 4) parent
report of pain interfering with at least 1 area of daily
functioning, and 5) received a new patient evaluation
in one of the participating interdisciplinary pain clinics.
Participants were excluded if they: 1) had a serious
comorbid psychiatric or chronic medical condition (eg,
cancer), 2) had a developmental disability, 3) were non-
English speaking, 4) did not have regular access to the
Internet on a desktop, tablet, phone, or laptop com-
puter, or 5) were not residing at home (eg, were
enrolled in an intensive inpatient pain rehabilitation
program). Study staff screened potential participants by
telephone. Written informed consent and assent were
obtained from parents and adolescents. The study was
approved by the primary site’s Institutional Review
Board and the Institutional Review Boards at each refer-
ring center. Participants were compensated with gift
cards for completion of each assessment.
Procedures
This study is a secondary analysis of data collected as

part of the WebMAP2 RCT.35 This RCT used a double-
blinded, multicenter balanced (1:1) parallel group
design. Assessments were completed online through a
secure, password-protected website at pretreatment
(prior to randomization), after completion of the 8- to
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10-week intervention (immediately post-treatment) and
at 2 longer term follow-up periods (6 and 12 months).
Our research group has published articles reporting
treatment efficacy on primary and secondary outcomes
of WebMAP2 up to 6 months,35 but this is the first study
to analyze treatment moderators and to present 12-
month follow-up results on the primary outcome: ado-
lescent pain-related disability.
After the pretreatment assessment, participants

were randomly assigned to either the Internet-deliv-
ered CBT arm (n = 138) or the Internet-delivered Pain
Education (control) arm (n = 135) of the trial. The
Figure 1. CONSOR
groups were provided with access to 2 different ver-
sions of the web program that presented either CBT or
Pain Education (described below). Both interventions
were adjunctive to the usual care provided by the
interdisciplinary pain clinics. The flow of participants
through the trial is shown in Fig 1. Nine participants
(n = 8 Internet CBT; n = 1 Internet Pain Education) did
not complete post-intervention or follow-up study
assessments but were retained in analyses. Four partici-
pants were excluded from analyses due to major life
events that occurred during the trial (eg, death in the
family; n = 4 Internet CBT). Thus, final our analytic
T flow diagram.
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sample consisted of 269 participants (n = 134 Internet
CBT; n = 135 Internet Pain Education).

Internet CBT

As described in Palermo et al,35 adolescents and
parents in the Internet CBT condition received access
to the full version of WebMAP2, which included edu-
cation about chronic pain, training in behavioral and
cognitive coping skills, and parent operant and com-
munication strategies using an engaging interactive
format.
The WebMAP2 intervention consisted of 2 separate,

password-protected web programs, one for adolescent
access and the other for parent access. There are 8 ado-
lescent modules: 1) education about chronic pain, 2) rec-
ognizing stress and negative emotions, 3) deep
breathing and relaxation, 4) implementing coping skills
at school, 5) cognitive skills (eg, reducing negative
thoughts), 6) sleep hygiene and lifestyle, 7) staying
active (eg, activity pacing, pleasant activity scheduling),
and 8) relapse prevention. The 8 parent modules
included: 1) education about chronic pain, 2) recogniz-
ing stress and negative emotions, 3) operant strategies I
(using attention and praise to increase positive coping),
4) operant strategies II (using rewards to increase posi-
tive coping; strategies to support school goals), 5)
modeling, 6) sleep hygiene and lifestyle, 7) communica-
tion, and 8) relapse prevention.
Adolescents and parents were asked to complete 1

module per week. For 6 of the 8 modules, youth and
parents spent time practicing skills and completed
weekly behavioral assignments (eg, scheduling time to
practice the skills, identifying stressors, writing thoughts
down), which were reviewed by an online coach. More
detailed information on the design and treatment con-
tent of WebMAP is included in our main outcomes
paper.35
Internet Pain Education

The Internet-delivered Pain Education group served as
an attention control condition for the purposes of
equalizing time, attention, and computer usage. The
control version of the WebMAP2 website contained 8
modules with educational material compiled from pub-
licly available websites about chronic pain management
(eg, the National Headache Foundation). Participants in
this condition were instructed to log into the control
version of the website at the same frequency as the CBT
group (at least once per week).
Measures

Outcome

The present analysis focused on the primary outcome
of the RCT: adolescent pain-related disability measured
at 4 time points: pretreatment, post-treatment, 6-
month, and 12-month follow-up.
Pain-Related Disability

To assess the primary outcome of adolescent’s dis-
ability due to pain, the Child Activity Limitations (CALI)
Diary Version was administered via a 1-week (ie, 7
days) online diary.35 At study enrollment, adolescents
chose 8 activities from a list of 21 activities that they
perceived as most difficult to complete due to pain
and important in their daily lives (eg, going to school,
spending time with friends). At each assessment, youth
rated the difficulty of these 8 activities once daily over
a 7-day monitoring period on a 5-point scale (0 = “no
difficulty,” 4 = “extreme difficulty”). Daily total scores
ranged from 0 to 32, with higher scores indicating
greater disability due to pain. For each time point,
daily total scores were averaged across the total num-
ber of diary entries completed over the 7-day assess-
ment period. Reliability and validity of the CALI have
been demonstrated in school-age children and adoles-
cents with chronic pain recruited through pain clinics
and specialty clinics.35
Moderator and General Predictor Variables

All potential moderator/general predictor variables
were assessed at pretreatment prior to randomization.
Per our analytic method described below, variables
were grouped into 2 domains representing potential
adolescent- and parent-level predictors/moderators.
Adolescent-Level Moderators/General
Predictors

Adolescent-level moderators/predictors included ado-
lescent demographics, pain characteristics, emotional
distress, and sleep quality:

Demographics. Adolescent age and sex were collected
through a background form completed by a parent.

Pain intensity. Pain intensity was assessed using the
WebMAP diary, which was completed prospectively
over a 7-day assessment period prior to the treatment as
part of the intervention and control websites. Pain
intensity was assessed using an 11-point numerical rat-
ing scale (NRS-11) (0 = “no pain,” 10 = “worst pain”),
averaged across the 7-day period. The NRS-11 has been
recommended for assessment of pain intensity in ado-
lescents with chronic pain.50

Emotional distress. Adolescents’ emotional distress
was measured using the Bath Adolescent Pain Question-
naire (BAPQ).6 For the purposes of this study, we used a
composite (average) of 3 subscales measuring distress-
related symptoms including adolescents’ depression
(6 items, eg, “I feel hopeless about the future”), general
anxiety (7 items, eg, “I worry about the future”), and
pain-specific anxiety (7 items, eg, “I worry that I will do
something to make my pain worse”) over the past
2 weeks. Response options ranged from 0 = “never”
to 4 = “always.” Items were summed to create
total scores of each subscale, with higher scores indicat-
ing greater adolescent emotional distress. Creation of
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composite scores has been recommended as a useful
data management technique to reduce the number of
analyses,18 particularly when scales of the same con-
struct are highly correlated as was the case in this study
(rs = .51−.79). The BAPQ was developed for use in clini-
cal populations of youth with chronic pain and has dem-
onstrated good validity and test-retest reliability in
outpatient pain samples.6 Cronbach’s alphas for the
three subscale scores in this sample ranged from .83
to .84.
Sleep quality was measured using the 10-item short

form version of the Adolescent Sleep Wake Scale
(ASWS10). Adolescents report on a 6-point Likert scale
(1 = “always,” 6 = “never”), with higher scores indicat-
ing better sleep quality. Scores are summed to create a
total score. The ASWS has been previously validated in
youth with chronic pain10 and has acceptable reliability
and validity. Cronbach’s alpha for the 10-item total
score in this sample was adequate (a = .79).
Parent-Level Moderators/Predictors

Parent-level moderators/predictors included parent
education, distress, and protective parenting behavior.
Education. Parents reported their own and their

spouses’ highest level of education achieved (ie, less
than high school, high school, some college, college
degree, or higher). Parent education was coded as
either parent’s highest level of education.
Emotional distress was measured using the Bath Ado-

lescent Pain—Parental Impact Questionnaire (BAP-
PIQ22). For the purposes of this study, we used a compos-
ite (average) of parent distress composed of 3 subscales
measuring parent depression (9 items, eg, “I have felt
sad”), general anxiety (6 items, eg, “I have not been
able to get my mind off my worries”), and catastrophiz-
ing about their child’s pain (6 items, eg, “I have been
concerned that my child will always experience pain”)
over the past 2 weeks. This procedure has been followed
in a previous study28 indicating that the 3 scales loaded
on a single construct (parent distress). Response options
ranged from 0 = “never” to 4 = “always,” with higher
scores indicating greater parental emotional distress. In
this sample, the 3 subscales were highly correlated
(rs = .58−.80) and Cronbach’s alphas ranged from .83
to .90.
Protective parenting behavior. Protective parenting

behaviors were assessed using the Protect subscale from
the Adult Responses to Children’s Symptoms (ARCS52).
The subscale comprises 15 items identifying protective
parenting behavior in response to child pain. For exam-
ple, specific behaviors measured on this scale include
limiting children’s activities, relieving their responsibili-
ties, or granting special privileges. Items are measured
with a 5-point Likert scale, ranging from 0 = “never” to
4 = “always.” Responses were averaged to provide the
subscale score, which ranged from 0 to 3.47. Higher
scores indicate more frequent engagement in protective
parenting behaviors. Cronbach’s alpha for this subscale
was adequate (a = .86).
Data Analysis Plan
We performed all analyses using IBM SPSS (Version 19

for Windows). To address our aim of identifying predic-
tors and moderators of change in pain-related disability,
we constructed hierarchical linear models using multi-
level modeling (MLM) with full maximum likelihood.
MLM is an intent-to-treat approach that uses all data
from the full sample to estimate both the slope of
change and the intercept for each individual.
We were guided by the conceptual and data analytic

approach advocated by Kraemer et al26 and Fournier
et al15 to simultaneously assess whether an individual
characteristic was a moderator or general predictor of
changes in disability. Within this framework, individual
characteristics are considered moderators if they predict
a better (or worse) response to the treatment condition
compared to the control condition, whereas general
predictors are individual characteristics associated with
treatment outcome irrespective of study condition (ie,
across both conditions). Accordingly, a moderator vari-
able requires evidence of a significant interaction
between the predictor (individual characteristic), study
treatment condition (dichotomized: 0 = Internet CBT;
1 = Internet Pain Education), and time (ie, Individual
characteristic X Treatment X Time point). General pre-
dictors require evidence of a significant interaction with
time point (ie, Individual characteristic X Time) and no
evidence of a significant moderation effect (no interac-
tion with treatment condition).
As recommended for testing treatment moderators,53

we restricted analyses to the primary outcome used in
the RCT (ie, pain-related disability). The time variable
was treated as a categorical variable in the MLM mod-
els, with pretreatment values specified as the reference
point for the change in pain-related disability from pre-
treatment to post-treatment, pretreatment to 6-month
follow-up, and pretreatment to 12-month follow-up (ie,
slope terms). While estimated slope terms representing
the rate change in pain-related disability from pretreat-
ment to post-treatment were necessarily included in all
MLM models as stated, any main and interactive effects
involving pretreatment to immediately post-treatment
slope are not explicitly presented within the text or
tables due to our focus on longer term 6- and 12-month
outcomes. These data are available upon request from
the corresponding author. MLM models comprised the
following variables: 1) intercept and Time (ie, the slope
terms); 2) individual characteristics that were used to
predict the intercept (pretreatment score) and slopes of
improvement (ie, Predictor X Time); and 3) potential
predictor/moderator variables, treatment condition,
and their interaction (ie, Predictor X Treatment X Time).
We were guided by the commonly used statistical

approach known as the Fournier Approach15,44,55 to
identify significant moderators and general predictors.
Due to the relatively large number of candidate predic-
tors/moderators, we first grouped putative moderators/
general predictors into 2 separate domains: 1) adoles-
cent-level characteristics (adolescent moderators/
predictors) and 2) parent-level characteristics (parent
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moderators/predictors; see Measures section). For each
of the 2 domains, a larger prediction model containing
all potential predictors in that domain was compared to
a smaller, nested model. This smaller, simple model con-
tained the terms implemented in the original article
reporting the main outcomes up to 6 months35 (ie, main
effects of treatment, time, as well as the treatment X
time interaction and adolescent race as a covariate). The
relative fit of the prediction model was compared to
that of the simple model by means of evaluating the dif-
ference in the �2 log likelihood (�2LL) between the
models (Singer & Willett),43 which follow a chi-squared
distribution. The specific effects of individual predictors/
moderators were tested further using the steps below if
the prediction model proved statistically superior to the
simple model at P < .05.
As recommended,15 for each domain, a separate mul-

tilevel model was developed in a stepwise manner
where variables were successively evaluated as to
whether they significantly had an effect on the rate of
symptomatic improvement. For example, in the first
step (Step 1), a model which included all candidate
moderators/predictors for the adolescent domain (ie,
adolescent age), and their interaction with time (predic-
tor£ time), was tested. Only those variables that had an
interaction with time at the P < .20 level were included
in a new model (Step 2). In Step 3, those variables that
met the P < .10 level were kept and finally assessed in
Step 4, at the P < .05 level. This procedure was repeated
for the parent domain. Finally, each term that was sig-
nificant at P < .05 in Step 4 of the adolescent and parent
domain models were included together in a final model,
allowing the testing of significant adolescent-level mod-
erators/general predictors while accounting for signifi-
cant parent-level moderators/general predictors (and
vice versa).
The Fournier approach is the preferred method26 for

maximizing moderator identification while maintaining
an acceptable likelihood of chance capitalization, thus
balancing risk for type I and type II errors. Specifically,
Type I error (false positive) is minimized because multi-
ple predictor/moderator variables are examined in
groups rather than separately (one variable at a time),
reducing the total number of models run and helping
to identify those variables that are predictive over and
above others in their domain, and over and above sig-
nificant variables in other domains. Type II error (false
negative) is also minimized because the moderation
analysis does not include all potential predictors/moder-
ators in a single, very large model but rather in stepwise,
domain-specific fashion.
As required for testing interactions, variables coding

Treatment Condition and the interactions of Treatment
Condition and Time were included in the MLM models
regardless of their significance level. Subcomponents of
significant interactions were also necessarily retained in
the models. Per recommendations,26 adolescent race
was not tested as a potential moderator due to pretreat-
ment differences between the Internet CBT and Internet
Pain Education groups as reported in the main study.35

Instead, race was included as a covariate (dichotomized:
0 = “Caucasian”; 1 = “All other racial categories”) in the
models. Continuous variables were converted to z-
scores to center them at their means for interactions.

A significant Predictor X Treatment X Time interaction
indicates that the trajectory of treatment response dif-
fers across the treatment conditions and depends on
the level of the moderator variable. To understand the
nature of the moderator interactions that were signifi-
cant, we followed the approach developed by Aiken &
West42 calculating the effect of the treatments at high
and low levels of the moderator (usually defined as 1 SD
above and 1 SD below the mean, respectively). This tech-
nique, which uses all data in the MLM model to calcu-
late model predicted parameters for different levels of
the moderator, allows one to understand how the rela-
tionship between treatment and outcome varies for
high and low values of the moderator.

We calculated effect sizes (Cohen’s ds) to elucidate
the magnitude of treatment effects and moderator
effects (ie, treatment effect sizes for levels of the moder-
ator). By convention, d = .20, d = .50, and d = .80 are
interpreted as small, moderate, and large effects,
respectively. In addition to effect sizes, we calculated
clinically significant changes in main treatment effects
according to Jacobson and Traux.21 This approach sug-
gests a 2-pronged approach to determining clinically
relevant change: 1) achieving a magnitude of change
that is statistically reliable tested by use of the Reliable
Change Index (RCI) and 2) demonstrating movement
from a dysfunctional to a functional level. The RCI calcu-
lates a critical change score for reliable improvement,
based on the baseline SD and test-retest reliability of
the outcome measure. Individual RCI values that
exceeded the cut-point of 1.96 were unlikely to occur by
chance and reflected a reliable change in scores with
90% confidence. Adolescents exceeding this cutoff
were classified as “improved.” If, in addition to this,
adolescents’ level of disability was no longer in the 90%
range of the patient population (mean before treat-
ment § 1.64 SD17) they were classified as “recovered.”

Power analysis. We performed post hoc power analy-
ses for the largest/most complex model (Step 1 adoles-
cent-level predictor model outlined above) using the
program PinT 2.12 (Power in Two-Level Models45). This
model included a total of 24 terms (ie, including Predic-
tor X Time X Treatment interaction terms and all inter-
action subcomponents), using 1,092 data points from
273 participants across 4 time points. PintT indicated
greater than a .95 power to detect a medium effect size
for a moderator or predictor.
Results

Descriptive Statistics of the Study Sample
Demographic and clinical characteristics of the study

sample are provided in Table 1. As reported in the main
study, the 2 groups (Internet CBT and Internet Pain
Education) were similar on demographic and baseline
clinical characteristics (ie, adolescent age, sex, pain con-
dition, and parent education) except for adolescent



Table 1. Sociodemographic Characteristics of the Study Sample

CHARACTERISTIC TOTAL (n = 273) CBT (N= 138) EDUCATION (n = 135) GROUP DIFFERENCES

Adolescent sex (% female) 75.1 78.3 71.9 x2(1) = 1.50NS

Adolescent age (mean, SD) 14.71 (1.62) 14.63 (1.62) 14.70 (1.72) t(271) = .35NS

Adolescent race/ethnicity (%)

White 85.0 92.0 77.8 x2(1) = 9.81*

Black or African American 4.8 1.4 8.1

Hispanic/Latino 3.7 1.4 5.9

Other 5.0 4.5 6.0

Not reported 1.5 .7 2.2

Primary pain location (%)

Head 7.0 8.0 5.9 x2(3) = 2.06NS

Abdomen 11.4 12.3 10.4

Musculoskeletal 41.8 37.7 45.9

Multiple 39.9 42.0 37.8

Parent education (%)y

High school or less 12.1 9.4 14.8 x2(3) = 3.97NS

Vocational school/some college 25.6 25.4 25.9

College 39.6 38.4 40.7

Graduate/professional school 21.2 25.4 17.0

Not reported 1.5 1.4 1.5

Household annual income (%)

<$10,000 2.6 2.2 3.0 x2(5) = 7.85NS

$10,000−$29,999 10.6 6.5 14.8

$30,000−$49,999 12.5 14.5 10.4

$50,000−$69,999 32.2 30.4 34.1

$70,000−$100,000 10.3 13.0 7.4

>$100,000 27.5 27.5 27.4

Not reported 4.4 5.8 3.0

Abbreviation: CBT, cognitive behavioral therapy; NS, nonsignificant.
*P < .05.
yEducation attainment of the primary participating parent.
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race. Adolescents in the Internet CBT group were more
likely to be Caucasian when compared to adolescents in
the Internet Pain Education group. Participants who
dropped out of the study and those who completed the
study did not significantly differ on any demographic or
baseline clinical variables (P > .05).
Overall Treatment Effects
Results of overall treatment (Treatment X Time)

effects indicated small statistically significant effects for
Internet CBT in reducing disability up to 6 months post-
treatment compared to Internet Pain Education, but
effects attenuated at 12-month follow-up. Specifically,
youth receiving Internet CBT achieved statistically
greater reductions in pain-related disability than did
the Internet education group from pretreatment (CBT:
M = 7.4, SD = 4.4; Education: M = 7.0; SD = 4.6) to 6-
month follow-up (CBT: M = 5.5, SD = 4.3; Education:
M = 6.2, SD = 5.0; b = 2.29, P = .002, d =�.25, but not
from pretreatment to 12-month follow-up (CBT:
M = 5.0, SD = 4.3; Education: M = 5.3, SD = 4.5; b = 1.40,
P = .054, d =�.16; Table 2). In terms of clinical signifi-
cance, 27.2% of the CBT group demonstrated recovery
or improvement in pain-related disability at 6-month
follow-up (14.0% recovered; 13.2% improved) com-
pared to 21.8% of the Education group (12.9% recov-
ered; 8.9% improved), x2 [2] = 1.36, P = .507. These
percentages increased slightly at 12-month follow-up to
35.0% for the CBT group (19.2% recovered; 15.8%
improved) and 27.3% (17.4% recovered, 9.9%
improved) for the Education group, x2 [2] = 2.27,
P = .321.
Moderators of Treatment Effects and
General Predictors

Omnibus Tests of Adolescent and Parent
Predictor Models

Results revealed that the adolescent-level and parent-
level models fit the data better than the simple model,
as indicated by significant likelihood ratio chi-squared
tests (Adolescent: Dx2 [40] 388.8, P < .001; Parent: Dx2
[24] 2,182.1, P < .001). Thus, both adolescent and parent
prediction models proved statistically superior to the
simple model at P < .001.
Adolescent-Level Treatment Moderators

The majority of adolescent-level variables including
sex, pain intensity, sleep quality, and emotional distress
did not emerge as significant moderators of treatment
effects (ps > .05). However, adolescent age significantly
interacted with group and time to moderate pain-
related disability (ie, significant Adolescent Age X



Table 2. General Predictors and Moderators of Change in Pain-Related Disability: Baseline to
6-Month and 12-Month Follow-Up Slope Effects

PREDICTORS BASELINE to 6-MONTH FOLLOW-UP SLOPE EFFECTS BASELINE to 12-MONTH FOLLOW-UP SLOPE EFFECTS

B
y

T P B
y

T P

Child-level model (significant slope terms from Step 4)

Treatment X Time 2.29 3.13 .002* 1.36 1.86 .063

Pain Intensity X Time �1.16 �4.41 <.001* �1.73 �6.62 <.001*
Sleep Quality X Time �.52 �1.94 .052 �.83 �3.12 <.002*
Adolescent Age X Time 1.55 2.15 .032* 1.75 2.42 .016*

Adolescent Age X Treatment X Time �2.82 2.81 .005* �2.13 �2.06 .040*

Parent-level model (significant slope terms from Step 4)

Treatment X Time 1.16 2.18 .030* .90 1.69 .092

Parent Distress X Time .79 1.71 .087 1.47 3.19 .001*

Parent Distress X Treatment X Time �.69 2.18 .261 �1.25 �2.02 .044*

Final (combined) model (significant slope terms from child and parent models)

Treatment X Time 2.29 3.13 .002* 1.40 1.93 .054

Pain Intensity X Time �1.22 �4.65 <.001* �1.84 �7.04 <.001*
Sleep Quality X Time �.46 �1.76 .079 �.76 �2.86 .004*

Adolescent Age X Time 1.39 1.94 .053 1.60 2.20 .028*

Parent Distress X Time .79 1.79 .074 1.57 3.53 <.001*
Adolescent Age X Treatment X Time �2.85 2.77 .006* �2.07 �2.02 .044*

Parent Distress X Treatment X Time �.42 �.70 .486 �1.20 �2.00 .046*

NOTE. Adolescent race was included as a covariate in each MLM model but not reported here; these effects were nonsignificant (P > .05). “Treatment” refers to the
dummy variable coding the contrast between those in the Internet CBT condition (= 0) and those in Internet Pain Education condition (= 1). Table includes 6-month
and 12-month slope terms that reached significance in Step 4 only; nonsignificant slope terms were omitted. Models included all lower order interactions but are not
presented here. Full results are available upon request from the corresponding author. Supplementary Table 1 includes significant and nonsignificant slope terms in
Steps 1 to 3.
yInteraction terms involving time only represent the slope effect of the predictor variable on pain-related disability. Interaction terms involving both treatment and
time represent the difference in slopes between treatment groups with respect to the magnitude of the effect.
* p< .05.
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Treatment X Time interaction) in Step 4 of the adoles-
cent model, and this interaction remained significant in
the final model (combining adolescent- and parent-level
moderators/predictors). Specifically, adolescent age at
pretreatment predicted a differential effect of treat-
ment on change in pain-related disability from pretreat-
ment to 6-month follow-up (b =�2.85, t = 2.77, P = .006)
and from pretreatment to 12-month follow-up
(b =�2.07, t = 2.02, P = .044; see final model in Table 2).
Figure 2. Adolescent age moderates the efficacy of Internet-delive
Note. Figure 2 displays estimated marginal means of pai

across each assessment occasion for (a) younger adolescents
visually depict significant differences in treatment response a
Fig 2 depicts the results of post hoc analyses (ie, tests
of simple slopes) determining the nature of the moder-
ating effect of adolescent age on change in pain-
related disability following treatment. These analyses
found that the simple slopes (ie, change in disability)
of the treatment groups significantly differed from
one another for younger (age 11−14) and older (ages
15−17) adolescent age groups. Post hoc analyses esti-
mating simple effects of the lower order variables on
red CBT.
n-related disability of the treatment and control group
(ages 11−14) and (b) older adolescents (ages 15−17) to
ccording to level of the moderator (adolescent age).
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reduced regression models found that the moderating
effect of adolescent age remained significant. As
depicted in Fig 2, predicted outcomes were calculated
for younger (ages 11−14) and older (ages 15−17) ado-
lescent age groups. Specifically, younger adolescents
in the Internet CBT group demonstrated significantly
greater improvement in pain-related disability relative
to the Internet Pain Education group from pretreat-
ment to 6-month follow-up (CBT: b =�2.92, SE = .51,
P < .00001; Education: b =�.46, SE = .53, P = .388) and
12-month follow-up (CBT: b =�3.34, SE = .51 P < .001;
Education: b =�1.81, SE = .53, P = .001). Treatment
effect sizes (Cohen’s ds) confirmed that for younger
adolescents, Internet CBT was associated with superior
outcomes relative to Internet Pain Education: Effects
were medium from pre-treatment to 6 months
(t[755] =�4.84, P < .001; Cohen’s d =�.50) and small
from pretreatment to 12 months (t[755] =�3.10,
P = .001; Cohen’s d =�.20). However, for older adoles-
cents, changes in pain-related disability were similar
between Internet CBT and Internet Pain Education
conditions (pretreatment to 6 months: t[755] =�.73,
P = .234, Cohen’s d = .01; pretreatment to 12 months:
t[755] =�.47, P = .320, Cohen’s d = .04). In sum, these
findings indicate that Internet CBT was associated with
improvements in pain-related disability relative to
Internet Pain Education up to 12 months post-treat-
ment only for younger adolescents with chronic pain.
Adolescent-Level General Predictors

Although not identified as significant treatment mod-
erators, pain intensity and sleep quality emerged as sig-
nificant general predictors of changes in pain-related
disability (ie, significant Predictor X Time interactions
only) in Step 4 of the adolescent-level model and in the
final model. Worse sleep quality at pretreatment pre-
dicted less improvement in (ie, higher) pain-related dis-
ability from pretreatment to 12-month follow-up
(b =�.76, SE = .26, P < .004) irrespective of treatment
condition (ie, across all youth randomized to either
Figure 3. Pretreatment parent distress moderates efficacy of Intern
Note. Figure 3 displays estimated marginal means of pai

across each assessment occasion for parents with (a) low dist
ferences in treatment response according to level of the mod
Internet CBT or Internet Pain Education conditions).
Higher pretreatment pain intensity predicted greater
improvement in (ie, lower) pain-related disability from
pretreatment to 6-month follow-up (b =�1.22, SE = .26,
P < .001) and pretreatment to 12-month follow-up
(b =�1.84, SE = .26, P < .001) for youth across both treat-
ment conditions.
Parent-Level Treatment Moderators

Parent education and protective parenting behaviors
did not emerge as significant moderators (ps > .05).
However, parent emotional distress significantly inter-
acted with group and time to moderate pain-related
disability (ie, significant Parent Distress X Time and Par-
ent Distress X Treatment X Time interactions) in Step 4
and this interaction remained significant in the final
model. Specifically, pretreatment parent distress pre-
dicted a differential effect of treatment on change in
pain-related disability from pretreatment to 12-month
follow-up (b =�1.20, t =�2.00, P = .046). This modera-
tion effect was not present from pretreatment to
6 months (see final model in Table 2).
Fig 3 depicts the results of post hoc analyses (tests of

simple effects) determining the nature of the moderat-
ing effect of pretreatment parent distress on change in
pain-related disability following treatment. These anal-
yses revealed that the simple slopes (ie, change in dis-
ability) of the treatment groups significantly differed
from one another at high (+1 SD above mean) and low
(�1 SD below mean) values of pretreatment parent dis-
tress. Specifically, relative to the Internet Pain Education
group, Internet CBT was more effective in improving
adolescents’ pain-related disability (ie, rate of change
was significantly greater) from pretreatment to 12-month
follow-up for parents reporting low distress (CBT:
b =�4.15, SE = .62, P < .001 Education: b =�2.07, SE = .47,
P = .001); treatment effects were small (t[755] = 2.79,
P = .003, Cohen’s d =�.45). By contrast, rate of change in
adolescents’ pain-related disability from pretreatment to
12 months was similar between the treatment groups for
et-delivered CBT.
n-related disability of the treatment and control group
ress and (b) high distress to visually depict significant dif-
erator (parent distress).
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parents reporting high pretreatment levels of distress (t
[755] = .78, P = .219, Cohen’s d =�.09). In sum, these find-
ings indicate that Internet CBT was associated with long-
term improvements in disability relative to Internet Edu-
cation, but only in families with low parental distress
prior to treatment.
Parent-Level General Predictors

Parent education and protective parenting behaviors
did not emerge as significant general predictors of pain-
related disability (ps > .05). Parent distress was identi-
fied as a moderator versus general predictor because
both Distress X Time and Distress X Treatment X Time
interactions were significant (see above).
Discussion
This study presents several key findings: first, as

reported in Palermo et al,35 small effect sizes were
found for Internet CBT in reducing disability up to 6
months post-treatment compared to Internet Pain Edu-
cation. We present new 12-month follow-up data indi-
cating that mean levels of pain-related disability
continued to improve, although the between-group
treatment effects were attenuated. Finally, we evalu-
ated adolescent and parent moderator variables and
found that adolescent age predicted a differential
effect of treatment on change in disability at both 6
and 12 months, while parent emotional distress
emerged as a significant moderator of 12-month disabil-
ity outcomes. A few general predictors also emerged,
such that better sleep quality and higher pain intensity
at pretreatment predicted greater improvements in dis-
ability across treatment conditions. These findings sup-
port the importance of moving beyond the singular
investigation of average treatment effects to identify
youth with chronic pain who may require tailored treat-
ment approaches to enhance long-term outcomes.
Few studies have reported on the long-term efficacy

of remotely delivered CBT interventions. Although
some have demonstrated effects at 6 months post-
treatment,2,35,47 to our knowledge, this study is the first
to report on effects at 1-year post-treatment. Our find-
ings suggest that improvements in disability that were
observed at 6 months were attenuated at 12-month fol-
low-up. Considering ways to maximize long-term
effects, such as by extending the duration of treatment
and/or adding booster sessions, may be beneficial.
Moreover, the current study’s findings regarding treat-
ment moderators at 12-month follow-up, discussed in
detail below, suggest several promising avenues for
identifying at-risk individuals and strengthening treat-
ment durability.
In our moderation analyses, we found that younger

adolescents (ages 11−14) benefited significantly more
from Internet-delivered CBT relative to older adoles-
cents (ages 15−17) at both 6 and 12 months post-treat-
ment. Age has rarely been examined in pediatric
treatment studies; however, one RCT of CBT for adoles-
cents undergoing spinal fusion surgery found that
younger adolescents had greater reductions in postsur-
gical pain and anxiety than older adolescents.27 Another
study identified older adolescents (ages 15−17) as the
largest proportion of treatment nonresponders 12
months after discharge from an intensive pediatric pain
rehabilitation setting.41

Several theoretical reasons may explain why older
adolescents evidence attenuated treatment response.
First, adolescents may represent a difficult to treat pop-
ulation because they often experience debilitating pain
for a longer period before entering tertiary care,56

resulting in more ingrained cognitions and behaviors
that perpetuate pain and disability. Indeed, observa-
tional research has shown increasing pediatric age is
associated with more frequent use of maladaptive cop-
ing (eg, avoidance,40 catastrophizing4) and these pro-
cesses may have a stronger negative impact on disability
as children grow older.12,40 In addition, our CBT treat-
ment incorporates active parental involvement to pro-
mote adolescent functioning, but this approach may be
at odds with older adolescents’ increased drive for inde-
pendence from parents. In fact, studies of other pediat-
ric conditions (eg, diabetes and cystic fibrosis) have
found that older adolescents are at greater risk for poor
adherence to self-management tasks, with correspond-
ing declines in parental involvement and monitoring.30

Altogether, this finding underscores the importance of
further research to understand how best to tailor CBT
treatment to the unique needs of older adolescents
with chronic pain.

We also found that pretreatment parent distress mod-
erated long-term treatment effects. High levels of par-
ent distress have been commonly reported among
parents caring for adolescents with chronic pain5,23,33

and recent work shows longitudinal associations
between changes in parental distress and changes in
adolescent pain and disability.3 Our research group pre-
viously published an analysis of only the CBT treatment
condition, indicating greater parent distress at pretreat-
ment predicted increases in adolescent disability over 12
months.28 The present study extends these observations
by demonstrating that parent distress also impacts the
effectiveness of CBT at 12-month follow-up, such that
CBT was more efficacious than pain education for ado-
lescents whose parents displayed lower levels of pre-
treatment distress. It has often been noted that parents
of youth with chronic pain may serve as important ther-
apeutic agents of change.5,34 Screening for and treating
parental distress may have important downstream
effects on adolescents’ treatment outcome, as high dis-
tress may prevent a parent from effectively implement-
ing pain management strategies or supporting their
adolescent’s use of self-management skills.

Notably, while parental distress emerged as a treat-
ment moderator, adolescents’ own distress was not
linked to treatment benefit. This pattern of results may
be related to the specific targets and content of our CBT
treatment. The Internet CBT program included separate
programs for adolescents and their parents, and only
the adolescent program included a model directed at
improving emotional coping while the parent program
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emphasized operant strategies. Recent trials have
highlighted significant improvement in distress and
maladaptive parenting behaviors following interven-
tions aimed at reducing parent distress34 and mindful-
ness strategies.38 This suggests potential value in
screening for parent distress and using more targeted
interventions to reduce distress.
Finally, this study also identified 2 general predictors

across treatment conditions. First, higher pain intensity
predicted greater improvement in disability. Other
researchers have noted that elevated levels of active
symptoms at baseline may provide greater impetus for
change, facilitating the engagement and application of
CBT skills and pain educational material to improve
functioning.39 Second, co-morbid sleep difficulties pre-
dicted less improvement in disability. Sleep deficiency is
one of the most debilitating co-occurring symptoms in
children with chronic pain (see reviews by Tang46 and
Allen et al1) and often results in impairments in cogni-
tive-affective and neurobiological processes (eg, execu-
tive functioning, motivation) that might broadly effect
adolescents’ ability to learn and apply skills or knowl-
edge-based information. Future studies may consider
measuring sleep quantity as well as sleep quality to pro-
vide a more comprehensive understanding of the role
of sleep deficiency.
This study has several notable strengths. Our study

analyzed a relatively large sample of treatment-seeking
youth recruited from tertiary pain clinics across North
America and included a long-term follow-up at 12
months post-treatment. Like most RCTs, our trial was
originally powered to detect main treatment effects
and not smaller interaction effects; a priori designs that
identify treatment moderators using well-powered mul-
ticenter pediatric trials are critically needed. Neverthe-
less, we adopted a balanced, conservative statistical
approach by testing moderators simultaneously and
requiring them to be significant in Step 4 and the final
models, thus reducing the likelihood of Type I error.
Several questions remain that may be addressed in

future research. First, we did not identify moderators a
priori, thus a broader range of potential moderators
may be tested in future work. A number of psychophysi-
cal, genetic, or cognitive-affective processes (eg, readi-
ness to change, perceived self-efficacy have been found
to moderate outcomes in CBT trials of adults with
chronic pain; see Ehde, Dillworth, & Turner9 for a
review) and will be important to incorporate in future
pediatric pain trials. While we chose to evaluate the
primary outcome (pain-related disability) to limit the
number of potential analyses, it is possible that differ-
ent patterns of treatment response may be found for
other key outcomes (ie, pain intensity, adolescent
depression). Moreover, an important future develop-
ment will be the provision of clear guidelines on the
theoretical selection, measurement, and analysis of
treatment moderators in the context of pediatric pain
trials. Similar guidelines have been set forth by the
IMMPACT group8 to stimulate work on treatment mod-
erators in adult trials. In addition, future work is needed
on innovative assessment approaches given the com-
plex, dynamic interaction of child and parent function-
ing and responses to pain. Exploratory statistical
approaches that simultaneously combine treatment
moderators have recently emerged in the adult treat-
ment field,54,57 and could lead to novel and powerful
methods for matching youth to treatment based on
multiple pretreatment characteristics. Finally, regarding
sociodemographic characteristics of the study sample,
the majority of the participants in the sample were non-
Hispanic White females from middle-income house-
holds. While these characteristics are representative of
youth presenting to tertiary pain clinics, the lower per-
centage of males, ethnic minorities, and low-income
youth likely limited our ability to detect moderation
effects and generalize findings to populations with dif-
ferent sociodemographic backgrounds. Relatedly,
although baseline analyses found that groups were well
balanced across a number of demographic covariates,
there was a slightly higher proportion of non-Hispanic
White participants in the treatment condition (vs the
education condition); adolescent race was included as a
covariate in analyses to reduce any potential bias result-
ing from racial/ethnicity imbalance.
In conclusion, this study presents important informa-

tion on who benefits most (and least) from a RCT of a
psychological intervention for pediatric chronic pain.
Future investigations should replicate and extend these
findings by testing additional theory-based moderators
of treatment efficacy. Pediatric pain trials designed to
capture this information can direct the next wave of
personalized pediatric pain interventions.
Supplementary data
Supplementary data related to this article can be

found at doi:https://doi.org/10.1016/j.jpain.2019.10.001.
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