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Abstract

Over 50% of adolescents with chronic pain report comorbid sleep disturbances (e.g., difficulties
with falling asleep), which is associated with increased pain-related disability and poorer quality
of life. However, limited longitudinal data are available to understand how sleep disturbance

may impact response to psychological treatment. Our primary hypothesis was that baseline

sleep disturbances would significantly modify how adolescents responded to an internet-delivered
psychological intervention for chronic pain in terms of outcome trajectories. The sample included
85 adolescents, 12 to 17 years, with chronic pain recruited from a multidisciplinary pain clinic
and headache clinic who received access to an internet-delivered psychological intervention for
chronic pain. Baseline sleep assessment included actigraphy monitoring for 7 days and survey
measures. Outcomes were assessed at baseline, 8 weeks, and 3 months including core pain-related
outcomes, executive functioning, fatigue, positive and negative affect. Results demonstrated that
greater baseline insomnia and poorer sleep quality was associated with worse outcome trajectories
for pain-related disability, depression, anxiety, fatigue, negative affect, and executive functioning.
Findings extend the limited studies that examine how sleep disturbance may modify effectiveness
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of psychological treatments for adolescent chronic pain and emphasize the importance of treating
comorbid sleep disturbance. This trial was registered at clinicaltrials.gov (NCT04043962).
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Introduction

Many adolescents experience chronic pain, most commonly as head, abdominal, or
musculoskeletal pain 21 23, Unfortunately, over 50% of these youth also report symptoms
of comorbid sleep disturbances (e.g., difficulties with falling asleep, poor sleep quality) 0.
Numerous cross-sectional studies in adolescents and adults indicate that sleep disturbances
are associated with greater concurrent pain sensitivity, disability, poorer quality of life, and
greater healthcare use and costs > 24 29,37 Thus, increased attention has been directed
toward assessment and management of sleep disturbances among individuals with chronic
pain & 4145 However, limited longitudinal data are available to understand how sleep
disturbance may impact response to pain treatment, and whether subgroups of patients with
sleep disturbances may need a more personalized treatment approach.

Sleep disturbance is a multi-dimensional domain encompassing both sleep quantity and
quality. It is not yet known which aspects of sleep (e.g., sleep duration, quality, insomnia)
most impact pain and pain management. While sleep has been shown to directly impact
subsequent pain 13- 27 sleep is also linked to factors important in engaging in psychological
strategies for pain self-management including affect (positive and negative), fatigue, and
higher-order executive functioning (attention, organization, planning, problem-solving, and
memory)5: 11, 51,52,

Emerging evidence suggests that sleep disturbance may modify the effectiveness of
psychological treatments for chronic pain. In a pilot study of internet-delivered treatment,
Fales and colleagues 12 found that shorter baseline sleep duration was associated with

less improvement in pain-related disability at immediate post-treatment. Similarly, in a
randomized controlled trial of internet-delivered treatment, Murray et al. 32 found that
worse baseline sleep quality predicted less improvement in pain-related disability at 6-
month follow-up. In youth undergoing intensive inpatient rehabilitation, better baseline self-
reported sleep quality and lower insomnia symptoms were associated with improvements
in pain symptoms at immediate post-treatment 3. These studies were limited in their
assessments of both sleep and treatment outcomes. For example, studies did not test
objective and subjective sleep measures together as modifiers of treatment response. The
impact of baseline sleep on the maintenance of treatment benefits over time is also not well
understood.

Building from prior research, the primary objective of this study was to characterize the
relationship between baseline adolescent sleep disturbances and longitudinal outcomes
following internet-delivered psychological treatment for chronic pain. We expand on prior
work by using a comprehensive baseline assessment of objective sleep patterns (actigraphy
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measured sleep duration and wake after sleep onset) and subjective sleep quality and
insomnia. We measure a range of pain-related outcomes (global health, pain, anxiety and
depression, pain-related disability) guided by recommendations for core outcome domains
in pediatric chronic pain 36. Because prior studies have already established the efficacy

of the internet treatment program 34 35. 38 in improving adolescent pain-related disability,
emotional functioning, and parent behavior and impact, we chose a single-arm clinical

trial design where all adolescents received treatment. However, we expand our outcome
assessment to include variables important in the interrelationship between pain and sleep 13
including positive and negative affect, fatigue, and executive functioning.

Our primary hypothesis was that baseline sleep disturbances would significantly modify
how participants responded to the internet-delivered intervention in terms of outcome
trajectories. Specifically, we expected that greater baseline sleep disturbances (higher
insomnia symptoms, poorer sleep quality, shorter sleep duration, and longer time awake
after sleep onset) would be associated with less improvement in our primary outcome of
pain-related disability. We expected to identify a similar pattern of association between
baseline sleep disturbances and secondary outcomes (pain intensity, global health, and
emotional functioning), as well as our new, exploratory outcomes (positive and negative
affect, fatigue, and executive functioning).

Methods

Participants and Setting

The sample included 85 youth ages 12 to 17 years with chronic pain and a participating
caregiver. Participants were recruited from two clinics (multidisciplinary pain clinic and
multidisciplinary headache clinic) at Seattle Children’s Hospital over a 1.5-year period from
November 2018 to February 2020. This study was approved by the institutional review
board at Seattle Children’s Research Institute. The trial is registered at clinicaltrials.gov
(Identifier NCT04043962). Data from this trial have not been previously published.

Participant Inclusion Criteria

Inclusion criteria were (a) age 12 to 17 years, (b) diagnosed with a primary pain disorder
involving abdominal, headache, or musculoskeletal pain by a specialty physician in one

of the participating clinics, (c) pain duration > 3 months, (d) access to the internet, and

(e) if taking medication for pain or sleep, on a stable dose for the past two months.
Exclusion criteria were (a) diagnosis of a comorbid serious health condition (e.g., cancer),
(b) non-English speaking, (c) active psychosis or suicidal ideation, and (d) diagnosis of sleep
apnea or narcolepsy.

Recruitment

Potentially eligible participants were given a study flyer by providers at the participating
clinics and asked whether they would be willing to be contacted by phone by study staff
to undergo additional screening. Providers then transferred referral information to the study
team via secure study website, email, or fax. Potential participants could also contact study
staff directly via a toll-free phone number and email listed on the study flyer. Study staff
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screened potential participants by phone, and if eligible, obtained electronic parent consent
and child assent for study participation.

Design and Procedures

This longitudinal study included a baseline assessment, an 8-week intervention period,
post-treatment assessment, and 3-month follow-up assessment. A single arm intervention
design was used; during the intervention period, all participants were given access to

the 8-week WebMAP program 32, which included access to separate password-protected
websites for youth and parents to learn pain self-management skills. Access to the
WebMAP program was in addition to standard care at the participants’ referring clinic.
Standard care was not altered by study participation and included an initial interdisciplinary
evaluation in the referring clinic for all participants. Participants may have also received
treatment recommendations (e.g., physical therapy, psychology, medication management,
acupuncture) and clinic follow-ups as needed. Recruitment into the study ended as planned
in February 2020.

Participant Flow

Procedures

Figure 1 shows a flow diagram of participants through each phase of the study. We received
a total of 129 referrals from the participating clinics. Of the families who were screened,

44 families were excluded because we could not reach them during the screening period

(n = 10), they did not meet inclusion criteria (n = 15), they were not interested or did not
have time to participate (n = 14), or they consented but did not complete the pre-treatment
assessment (n = 5). The final sample included 85 youth-caregiver dyads. All 85 dyads who
enrolled in the study were given access to the WebMAP program. Of these, 94.1% (n =
80/85) logged into the program and received the intervention. Assessment completion was
high across the study period, ranging from 100% (n =85/85) at baseline to 85.9% (n=73/85)
at 3-month follow-up. The full sample (n = 85) was used in analyses.

Assessments—Standardized questionnaire measures were administered via Research
Electronic Data Capture, REDCap 19, a secure web-based data acquisition system, at
baseline before receiving the intervention, after completion of the 8-week intervention
(immediate post-treatment), and at 3-month follow-up. At baseline, youth also completed 7-
days of monitoring (daily diaries administered through REDCap) and wore an Actiwatch to
measure sleep patterns. Participants were provided with gift card incentives after completion
of each assessment time point.

Intervention Description—The WebMAP program teaches relaxation skills, pain

coping strategies, and parent behavioral and communication techniques following cognitive-
behavioral and social learning theories and has been described in previous trials 34 35 38,
The 8 modules for adolescents include: (1) education about chronic pain and setting goals
for treatment, (2) recognizing stress and negative emotions, (3) relaxation methods, (4)
school, (5) cognitive skills, (6) lifestyle interventions (including brief psychoeducation about
sleep needs and sleep habits), (7) staying active, and (8) relapse prevention. For parents,
there is a separate program of 8 modules, including: 1) education about chronic pain
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and setting goals for treatment, 2) recognizing stress and negative emaotions, 3) operant
strategies | (using attention and praise to increase positive coping), 4) operant strategies Il
(using rewards to increase positive coping and reach school goals), 5) modeling, 6) lifestyle
interventions, 7) communication, and 8) relapse prevention.

WebMAP is self-guided and has a travel theme. Users visit different “destinations,” such
as Greece or Brazil, to learn pain self-management skills. Accompanying homework
assignments are given at the end of each module to provide opportunities for skills practice.
Content is metered so that users spend one week on skills practice before a homework
assignment can be completed and the next destination is ‘unlocked’. This allows time for
skills acquisition and consolidation. The program is built on a responsive platform and can
be accessed on multiple devices (e.g., smartphones, laptops, tablets) to increase ease and
flexibility of use.

Demographic and Clinical Characteristics—Parents reported on the adolescent’s age,
sex at birth, race, and ethnicity as well as their own race, ethnicity, annual household
income, and education status. Race categories included: White, Latin American, Black,
South Asian, and Other. Participants who selected more than one race were coded
accordingly. For the ethnicity category, participants selected either Hispanic/Latino or non-
Hispanic/Latino. Youth reported on their pain location, duration of their pain condition (in
years), and pain frequency over the past 3 months.

Baseline Sleep Disturbances—Adolescents completed a comprehensive baseline
assessment of sleep including: 1) subjective sleep quality, 2) insomnia symptoms, and 3)
total sleep time and wake after sleep onset as measured by actigraphy monitoring.

Sleep Quality.: Youth completed the Adolescent Sleep Wake Scale-Short Form (ASWS-
SF; 10), a 10-item self-report measure of sleep quality over the past month. The ASWS
defines sleep quality as a multifaceted domain that includes the youth’s perception of
waking behaviors and nighttime sleep behaviors. Specifically, the ASWS-SF includes items
assessing difficulty going to bed, difficulty falling asleep, difficulty going back to sleep after
waking up in the night, and difficulty waking up in the morning. Items are scored on a
6-point Likert scale (1 = never, 6 = always) and summed to generate a total score. Higher
total scores indicate better sleep quality.

Insomnia Symptoms.: Youth completed the 13-item Adolescent Insomnia Questionnaire
(AIQ, * to evaluate difficulty with sleep onset, sleep maintenance, and sleep dissatisfaction/
impairments in the past week. The AlQ has been validated for adolescents with chronic pain
4. Items are rated on a 5-point Likert scale (0 = never, 4 = almost always) with a total score
ranging from 0-52. Higher scores indicate more severe insomnia symptoms.

Actigraphy Monitoring.: Adolescents wore an Actiwatch-2 (Phillips Respironics,
MiniMitter Company Inc., Bend, OR) on their non-dominant wrist for 7 days/nights to
assess sleep patterns. Two actigraphy variables were used in our analyses: total sleep time
(TST) and wake time after sleep onset (WASO) 30, TST was the amount of sleep (in
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minutes) between sleep onset and sleep offset, with higher scores indicating longer sleep
duration. WASO was the amount of time awake (in minutes) between initial sleep onset and
final awakening, with higher scores indicating more time spent awake during the night. For
analyses, average scores were computed across the 7-day assessment period.

Pain-Related Outcomes

Pain-related Disability.: Adolescents completed the daily diary version of the Child
Activity Limitations Interview-9 (CALI-9) 20 for 7 days at each assessment period. The
CALLI-9 evaluates difficulty participating in usual daily physical, social, and recreational
activities due to pain. Items are rated on a 5-point scale (0 = not very difficult, 4 = extremely
difficult) and scores are linearly transformed to a 0-100 scale, with higher scores indicating
greater pain-related disability. For analyses, we used the average total score across each
7-day assessment period.

Pain Intensity.: Adolescents also reported their average pain intensity for 7 days at each

assessment period, once daily, using an 11-point Numerical Rating Scale with anchors of 0 =
no pain and 10 = worst pain ever (NRS; 47). Average pain intensity scores across each 7-day
assessment period were used in analyses, with higher scores indicating greater pain intensity.

Global Health.: Adolescents completed the PROMIS Pediatric Scale v1.0 — Global Health 7
17 to assess perceived physical, mental, and social health over the past week. This measure
includes 7 items rated on a 5-point scale, which are summed to generate a total score ranging
from 7-35. Items assess children’s overall well-being, one item evaluates physical health,
two mental health, two social health, and one general health. Higher scores indicate better
perceived global health.

Emotional Functioning.: Adolescent anxiety and depressive symptoms over the past 7
days were assessed using the Patient-Reported Outcomes Measurement Information System
(PROMIS) Pediatric Anxiety - Short Form 8a (8 items) and Depressive Symptoms — Short
Form 8a (8 items) 22. Items are rated on a 5-point scale (1 = never, 5 = almost always).

Total scores were transformed into T-scores for analyses, with higher scores indicating more
severe anxiety and depressive symptoms.

Positive and Negative Affect.: Adolescents reported on their positive and negative affect
over the past few weeks using the Positive and Negative Affect Scale for Children-Short
Form (PANAS-C-SF; 25, The PANAS-C-SF includes two sub-scales: a 5-item positive affect
subscale (e.g., happy, cheerful, joyful), and a 5-item negative affect subscale (e.g., sad,
scared, miserable). Items are rated on a 5-point Likert scale (1 = very slightly or not at all,

5 = extremely) and are summed to generate the two subscales, with higher scores indicating
greater positive or negative affect (respectively).

Fatigue.: Adolescents completed the 18-item PedsQL Multidimensional Fatigue Scale
(PedsQL-MFS; 46) to assess fatigue over the past four weeks. Items are rated on a 5-point
scale (0 = never, 4 = almost always), and then are reverse scored and transformed to a 0-100
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scale (0 =100, 4 = 0). We used the total score in analyses, with higher scores indicating less
fatigue.

Executive Functioning.: Adolescents completed the self-report version of the Behavior
Rating Inventory of Executive Function-2 (BRIEF-2 Child Self-Report Form 18), to assess
behavioral, cognitive, and emotional dimensions of executive functioning. The Self-Report
form consists of 55 items that contribute to seven factors: Inhibit, Self-Monitor, Shift,
Emotional Control, Task Completion, Working Memory, and Plan/Organize. Items are rated
on a 3-point scale (1 = Never, 2 = Sometimes, 3 = Often), and T-scores are generated for
subscale and total scores. We used the total score in analyses, with higher scores indicating
greater difficulty with executive functioning.

Data Analysis Plan.—For this study we initially planned for a final sample size of 75
participants, after accounting for up to 10% attrition. This sample size was chosen to detect
a small-to-moderate effect size d=0.3 between pre- vs. post assessments with 80% power.
We enrolled and retained a larger sample size of 85 for our analytic sample. This, along
with repeated assessments, should provide even better power for analyses. Demographic
characteristics were summarized using descriptive statistics, and we report frequencies for
categorical variables and means and SDs for continuous variables.

Positive affect, negative affect, fatigue, executive functioning, and other pain-related
outcomes were assessed at 3 time points (baseline, immediate post-treatment, and 3-month
follow-up). We first examined changes in these outcomes over time using linear mixed
effects regression models, in which time was modelled as a categorical predictor and
adolescent age, adolescent sex at birth, adolescent race (coded as 1=White, O=all else), and
adolescent ethnicity (coded as 1=Hispanic, 0=Non-Hispanic) were controlled in all models
as covariates. Baseline sleep disturbance measures (insomnia symptoms, sleep quality, TST,
and WASQ) were modelled as predictors in separate models. All models included subject-
specific random intercept to account for the within-subject correlations due to repeated
assessments. Next, we examined whether changes in outcomes over time were modified
by baseline sleep disturbance. This was achieved by including time-by-sleep-disturbance
interaction terms in the previous set of models. The significance of effect modification
was assessed by likelihood ratio test comparing models with and without the interaction
terms. For most measures, >85% of participants had complete data. In linear mixed effects
regression models, all available data were used in analyses and missing data were handled
using maximum likelihood estimation. Statistical significance was set at p <.05. All
analyses were conducted using the R statistical software version 4.1.0 44,

Participant Characteristics

As shown in Table 1, adolescents were on average 15 years old, mostly female (77%),
White (91%), and non-Hispanic (85%). The majority of adolescents had pain in more than
one body region (73%) that occurred daily (67%). On average, adolescents reported that
their chronic pain problem began 3.5 years prior to study enrollment. Parents were also
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predominantly White (92%) and non-Hispanic (11%). Most parents had completed college
or vocational school (70%), and 41% had an annual household income of $100,000 or more.

All youth received a multidisciplinary evaluation in the pain or headache clinic. As
shown in Table 1, concomitant therapies included psychological services, primary and
specialty physician visits, physical therapy, acupuncture, and prescription medications
(e.g., antidepressants, anticonvulsants). Only one participant was using sleep medication
(melatonin) and no participants were using opioids.

Overall Treatment Effects

As shown in Table 2, as hypothesized, youth demonstrated improvements in several
pain-related outcomes from pre-treatment to follow-up time points. At immediate post-
treatment, we replicated earlier published findings of significant improvements in pain-
related disability (B = —4.41, p = .049) which approached although did not reach statistical
significance at follow-up (B = -3.89, p =.089). Pain intensity did not significantly change
from pre- to post-treatment, and changes in pain intensity approached but did not reach
statistical significance (p = —.35, p =.053) at follow-up. In addition, as hypothesized,
improvements from pre-treatment to post-treatment in global health (B = 1.86, p =.013),
fatigue (p = 3.91, p =.026), and negative affect (§ = -2.21, p <.001) were demonstrated.
At 3-month follow-up, significant improvements were maintained in global health (p = 2.83,
p <.001) and negative affect (B = -1.31, p =.022). In addition, significant improvements
at follow-up were also demonstrated for anxiety (p = -2.75, p = .014) and executive
functioning (B = -2.12, p = .004).

Baseline Sleep Disturbance is Associated with Trajectories of Treatment Outcomes

Insomnia Symptoms.—As shown in Table 3, evaluation of time X insomnia interaction
effects indicated that baseline insomnia significantly modified change over time in: pain-
related disability (x2 (2) = 8.83, p = .012), pain intensity (2 (2) = 7.04, p = .029),

global health (x? (2) = 10.68, p = .005), fatigue (2 (2) = 16.85, p < .001), and negative
affect (X2 (2) = 14.99, p < .001) where greater insomnia symptoms were associated with
worse outcomes. At immediate post-treatment, effect modification was significant for: pain
intensity, global health, fatigue, and negative affect. At 3-month follow up, effects were
significant for: pain-related disability, fatigue, and negative affect.

Sleep Quality.—As shown in Table 4, time X sleep quality interaction effects revealed

that baseline sleep quality significantly modified change over time in global health (X2

(2) = 7.33, p =.026), and fatigue (X2 (2) = 8.35, p =.015). As expected, youth with

poorer sleep quality at baseline achieved less improvement over time in global health and
fatigue outcomes. Examination of the time x sleep quality interaction terms at post-treatment
suggests that youth with poorer baseline sleep quality also achieved less improvement over
time in global health, anxiety, fatigue, and executive function (all ps < .05. see Table 4). At
3-month follow-up significant time x sleep quality effect modification was found for pain
intensity, fatigue, and negative affect (ps < .05).
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TST.—Baseline TST was not associated with change in any of the outcomes across time (all
ps > .05).

WASO.—Evaluation of time X WASO interaction effects indicated that baseline WASO
significantly modified change over time in pain-related disability (X2 (2) =7.42, p =.024),
global health (x? (2) = 6.72, p = .034), and executive functioning (x? (2) = 8.25, p =
.016). As hypothesized, greater baseline WASO was associated with less improvement at
post-treatment in pain-related disability, global health, and executive functioning, and at
3-month follow-up in executive functioning (see Table 5). However, we did not identify
significant time X WASO interaction effects for the remaining treatment outcomes.

Discussion

Our findings contribute to the growing literature on the sleep-pain association in adolescents
with chronic pain. By conducting a single arm trial of internet-delivered psychological
therapy, we were able to examine how multiple dimensions of objective and subjective sleep
measured at baseline modified the trajectory of pain-related treatment outcomes over time.
While sleep has been examined in many cross-sectional studies > 24 29,37 there remains
limited information on the longitudinal impact of sleep on response to pain treatment. In
particular, we were interested in not only examining the impact of baseline sleep on core
pain outcome domains (e.g., pain-related disability, anxiety, depression, global health) but
also on affect (positive and negative), fatigue, and higher-order executive functioning. These
additional outcomes have been associated with sleep in previous observational studies but
are not typically measured as outcomes of CBT for chronic pain 1 1636,

Overall, we found that, as expected, adolescents demonstrated improvements from baseline
to follow-up time points in pain-related disability, pain intensity, global health, and anxiety.
This replicates our published findings with the WebMAP intervention in adolescents with
chronic pain 3°. We also studied several new outcomes and found preliminary evidence
suggesting that internet CBT for pain management may also lead to reductions in negative
affect, fatigue, and problems with executive functioning over the course of treatment for
youth as a group. These findings suggest that the skills taught in the WebMAP intervention
may impact a wider range of outcomes than previously considered, and warrant further study
in future, controlled trials.

Our primary aim was to examine how baseline sleep modified treatment outcome
trajectories. We found the strongest effects for subjective measures of sleep including
insomnia symptoms and sleep quality, where having greater insomnia symptoms and poorer
sleep quality at baseline modified response to treatment in multiple domains. Specifically,
greater baseline insomnia and poorer sleep quality both were associated with worse outcome
trajectories for pain intensity, fatigue, negative affect, and executive functioning. Greater
baseline insomnia was also associated with worse outcome trajectories for pain-related
disability and negative affect, whereas poorer sleep quality was associated with worse
outcomes for anxiety and executive function. The similar effects of both self-reported

sleep variables on treatment outcomes were likely due to the overlap between insomnia
symptoms (i.e., difficulty falling asleep and staying asleep) and poor sleep quality in
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youth with chronic pain. In contrast, actigraphy measurements of sleep patterns including
baseline sleep duration and wake after sleep onset (WASO) had more limited impact on
treatment outcomes. In particular, baseline WASO modified trajectories of global health and
pain-related disability only at immediate post-treatment and on executive functioning across
time points while baseline TST revealed effect modification approaching significance only
for pain-related disability at follow-up.

Findings extend the limited studies that examine how sleep disturbance may modify the
effectiveness of psychological treatments for chronic pain. In our own earlier pilot work 12
we found that shorter pre-treatment sleep duration was associated with less improvement
in pain-related disability at post-treatment and in secondary analyses from a larger RCT
that worse pre-treatment sleep quality predicted less improvement in pain-related disability
at long-term follow-up 32. A similar pattern has been identified in two studies of youth
undergoing intensive pain rehabilitation: Boggero et al 3 found that better baseline sleep
quality was associated with improvement in pain and disability over the course of treatment.
Logan et al8 found that decreased night wakings over the course of intensive pain
rehabilitation predicted subsequent reductions in pain intensity at follow-up. Our findings
extend this prior work by allowing comparison across different aspects of sleep (subjective
and objective), over multiple additional outcome domains, and a longer follow-up time
period.

Differences in the pattern of findings between objective and subjective sleep assessments

in this trial should be interpreted cautiously. When evaluating sleep in youth with chronic
pain, careful consideration is needed to ensure the approach is efficient, psychometrically
sound, and appropriate for the context8, For example, a comprehensive approach that
integrates objective and subjective assessments may be needed when the goal is to expand
conceptual understanding of the sleep-pain relationship, or when the research is focused

on the diagnosis/treatment of a sleep disorder. In contrast, a subjective approach (e.g.,
self-report questionnaires) may be appropriate when the goal is to screen for the presence of
sleep disturbances, or when there are resource constraints that limit feasibility of objective
assessments.

One of the novel findings of the study was that baseline insomnia symptoms were a strong
effect modifier across a range of pain-related outcomes. Given the high prevalence rate

of insomnia found in pediatric pain populations 37, it is important to consider screening
and treatment of insomnia symptoms in youth with chronic pain. Historically, screening
insomnia symptoms in adolescents has been limited by lack of evidence-based assessment
tools for this age group; however, more recently, new tools have been developed and
validated for this purpose # 8. Our findings suggest that universal screening for insomnia
symptoms in youth with chronic pain should be considered in clinical settings, because of
the potential impact of insomnia on response to pain self-management interventions.

CBT for insomnia (CBT-I) is recommended by the American Academy of Sleep Medicine
as first-line treatment for adult insomnia31; core treatment strategies include education about
sleep and sleep hygiene, stimulus control, and sleep restriction. CBT-1 has demonstrated
efficacy in numerous RCTs for improving insomnia symptoms in adults with chronic pain
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41 Emerging pilot studies in adolescent populations are promising and suggest that CBT-I

is feasible and effective for reducing insomnia symptoms in youth with chronic pain and
coexisting mental health and physical health conditions 26: 33, Qur findings lend support for
the hypothesis that synergistic benefits may occur when children and adolescents experience
improvements in sleep prior to initiating pain self-management intervention. However,
efficacy of CBT-I for improving sleep in youth with chronic pain and optimal sequencing of
CBT-I and CBT-Pain interventions has yet to be empirically studied. Hybrid CBT programs,
which deliver the core treatment components of CBT-1 and CBT-Pain simultaneously“3, have
been used in adults with comorbid chronic pain and insomnia2. Further research is needed
to determine safety and efficacy of Hybrid CBT programs for youth with chronic pain and
co-occurring insomnia.

Another novel finding emerging from our study is that CBT for chronic pain may positively
impact executive functioning in youth with chronic pain, and that effects on executive
functioning are particularly sensitive to baseline sleep disturbances. With its focus on goal
setting and building self-management skills, CBT for chronic pain does rely on higher-order
and complex cognitive functions and self-regulatory skills, and with repeated practice, these
skills may improve over the course of treatment. Future studies are needed to understand
the impact of CBT on specific self-regulatory skills in controlled trials to elucidate these
effects further. Moreover, sleep deficiency is associated with general deficits in executive
functioning e.g., 1, including reduced cognitive flexibility in problem solving 48: 49, reduced
integration of new learned information 5, and reduced working memory associations °.
Sleep also affects elements of self-control such as subjective effort, perceived exertion, and
choice 39 and short sleep duration increases negative affect and decreases positive affect

14 Indeed, a recent conceptual model supports a potential cyclical relation between chronic
pain and impaired executive functioning in adolescents, highlighting sleep as a modifier of
the pathway between chronic pain, executive functioning capacity, and engagement with
self-management behaviors 7.

Findings should be considered in light of several study limitations. Our sample was
predominantly female and non-Hispanic White, similar to most published studies on youth
with chronic pain recruited from tertiary care clinics; however findings may not generalize
to more demographically diverse samples. Most participants in our sample (73%) had multi-
site pain, and we were unable to examine any differences in the impact of sleep on pain
outcomes by specific pain condition. Insomnia was measured at the symptom level using a
screening measure rather than by establishing a clinical diagnosis of insomnia. Treatment

in this trial was delivered via a self-guided, digital health technology platform, and it is
unknown whether a different pattern of findings would emerge for treatments delivered
face-to-face.

Finally, because we used a single arm trial without a comparator group, we were limited
in our ability to conduct analysis of mediators of treatment effects. Specifically, future
controlled trials are needed to uncover the cognitive, behavioral, or affective variables that
may link sleep deficiency with poor treatment response. Trials that compare the efficacy
of different treatment sequences (e.g., pain treatment first vs insomnia treatment first) will
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also enhance our conceptual understanding of the sleep-pain relationship during and after
treatment.

Our study suggests that sleep deficiency may modify the effectiveness of psychological
treatments for chronic pain, highlighting the urgent need to screen adolescents for sleep
problems prior to initiating treatment, and to consider implementation of sleep-specific
treatments such as cognitive-behavioral therapy for insomnia. Future studies are needed to
test specific mechanisms linking comorbid sleep deficiency with poor pain-related outcomes
in youth with chronic pain.

This study was sponsored by the National Institutes of Health (R21 NR017312, PI: Palermo). RV’s work on
this project was supported by the Spanish Ministry of Science and Innovation with a Ramon y Cajal contract
(RYC2018-024722-1). AK’s work on this project was supported by the Medical Scholars Program.
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Perspective:

Our study suggests that sleep deficiency, in particular insomnia and poor sleep quality,
may modify the effectiveness of psychological treatments for chronic pain, highlighting
the urgent need to screen youth for sleep problems prior to initiating treatment, and

to consider implementation of sleep-specific treatments such as cognitive-behavioral
therapy for insomnia.
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Highlights

Limited data exist on the longitudinal impact of sleep on adolescent response
to pain treatment

We provided youth with access to an internet-delivered pain self-management
program

Subjective (vs. objective) sleep measures demonstrated stronger effects on
treatment response

Baseline insomnia and poor sleep quality were associated with worse pain
outcome trajectories
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Assessed for Eligibility (n = 129)

Page 17

Allocated to intervention (n = 85)
Received intervention (7 = 80)

\ 4

Excluded (n = 44)

Unable to reach (n =10)
Did not meet inclusion criteria (n=15)
o Serious medical comorbidity or primary
sleep disorder (n =10)
o Did not speak English (n=2)
o Pain duration <3 months (n =2)
o Not age 11-17 years (n=1)
Declined to participate (n = 14)
o Not interested (n =9)
o Time constraint (n = 5)
Consented but did not complete pre-treatment
assessment (n = 5)

Completed post-treatment assessment (n = 77)

(n = 8 declined due to lack of time/interest or could not be reached)

v

Completed follow-up assessment (n = 73)

(n = 12 declined due to lack of time/interest or could not be reached)

v

Analyzed (n = 85)

Figure 1.
Flow Diagram
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Demographic and clinical characteristics of participants at pre-treatment (n = 85)

Table 1.

Adolescent Characteristics

M (SD) or n (%)

Age, M (SD) years
Sex at birth, n (%) female
Ethnicity, n (%) Hispanic/Latino
Race, n (%)
American Indian/AK Native
Black
East Asian
Latin American
South Asian
White
More than one race
Years Since Pain Onset, M (SD)
Pain Location, n (%)
Abdomen
Head
Musculoskeletal
Multi-site
Pain Frequency, n (%)
Daily
Weekly
Monthly
Not reported

Concomitant treatments, n (%) *
Psychologist
Primary or specialty physician
Physical therapy/chiropractor
Acupuncture/naturopath
Prescription medications (e.g., antidepressants, anticonvulsants)
Sleep medications (i.e., melatonin)

Opioids

15.5 (1.5)
65 (77)
13 (15)

5(6)
4 (5)
4 (5)
7(8)
3(4)
77 (91)
16 (18)
35(2.6)

42 (49)
57 (67)
68 (80)
62 (73)

57 (67)
22 (26)
4(5)
2(2)

50 (59)
73 (86)
65 (76)
19 (22)
15 (18)
1(<1)
0(0)

Parent Characteristics

M (SD) or n (%)

Ethnicity, n (%) Hispanic/Latino
Race, n (%)
American Indian/AK Native
Black
East Asian
Latin American

South Asian

J Pain. Author manuscript; available in PMC 2023 July 01.
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2(2)
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White
More than one race
Education, n (%)
High school or less
College or vocational school
Graduate or professional school
Not reported
Annual Household Income, n (%)
$49,999 or less
$50,000 — $99,999
$100,000 or more
Not reported

79 (92)
6(7)

4(5)
60 (70)
20 (24)
1(1)

24 (28)
25 (29)
35 (41)
1(1)

*
categories are not mutually exclusive
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Means and standard deviations for treatment outcomes at each time point.

Table 2.

Baseline Post-Tx Follow-up

Outcomes M SD M SD M SD
Pain-related disability* ~ 48.33 2184 4448 2252 4445 23.40
Pain intensity 5.86 1.66 5.64 1.54 5.45 1.66
Global health*** 34.84 738 3687 845 3804 8.67
Depression 57.60 11.10 5791 10.63 56.81 11.80
Anxiety ™* 54.66 1224 5280 1159 51.37 12.79
Fatigue * 44,58 1824 4871 1570 47.79 18.94
Positive affect 14.21 4.44 14.27 6.01 14.67 5.36
Negative affect = ** 1301 463 1073 526 1159 5.12

10.61 58.69 11.00 58.03 12.19

Executive functioning ™ 60.01

Notes.

*
Statistically significant change from pre-treatment to post-treatment (p < .05).

*ok

Statistically significant change from pre-treatment to follow-up (p < .05).
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Table 3.

Linear mixed regression models examining insomnia symptoms as a predictor of change in treatment

outcomes over time.

Predictors

Time-by-Insomnia: Post-Tx

Time-by-Insomnia: Follow-up

Outcomes B 95% ClI p B 95% CI p
Pain-related disability =~ -.46  -.93,.02 .059 -76 -127,-25  gpg*
Pain intensity -05 -.09,-.01 012" -.04 -.08,.01 .074
Global health 27 11, .42 002* 11 -05,.27 182
Depression -.16 -.39,.06 .156 -22 -.45,01 .056
Anxiety -.16 -.40,.08 .196 -.20 -.45,.05 116
Fatigue 64 28,100 o1 * 69 .32,1.06 <001
Positive affect 09 -.05,.23 .207 -01 -15.14 .925
Negative affect -17 -29,-05 gog* —19 -32,-.07 003%
Executive functioning .14 -.30, .03 .098 -12 -.28,.05 161

Notes. All models controlled for age, sex, race and ethnicity.

*
p <.05.
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Table 4.

Page 22

Linear mixed regression models examining sleep quality as a predictor of change in treatment outcomes over

time.

Predictors

Time-by-Sleep Quality: Post-Tx  Time-by-Sleep Quality: Follow-up
Outcomes B 95% ClI p B 95% CI p
Pain-related disability — 4.48 -1.14,1010 119 5.89 -.09, 11.87 .054
Pain intensity .32 -.15,.78 .180 51 .01, 1.00 045%
Global health -258  -4.45,-70 o0og* -—L02 -2.88, .85 .286
Depression 75 -1.83,3.32 .570 .92 -1.64, 3.47 481
Anxiety 2.78 11,545 042% 62 -2.02,3.27 .644
Fatigue -523  -9.53,-.94 o017F 549 -9.75,-1.23 o12”
Positive affect -.84 -2.40, .72 292 A7 -1.13, 2.06 .564
Negative affect 1.20 -.21,261 .096 1.45 .01,2.89 048~
Executive functioning  1.89 .07,3.71 042% 154 -.26,3.34 .095

Notes. All models controlled for age, sex, race and ethnicity.

*
p<.05.
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Linear mixed regression models examining wake after sleep onset (WASQ) as a predictor of change in

treatment outcomes over time.

Table 5.

Outcomes

Predictors

Time-by-WASO: Post-Tx

Time-by-WASO: Follow-up

B 95%Cl  p

B 95%Cl p

Pain-related disability

Pain intensity
Global health

Depression
Anxiety
Fatigue

Positive affect
Negative affect

Executive functioning

30 09,52  gg7*

02 -01,03 075
-09 -16,-02 (3%

-0l -12,.00 792
-05 -.16,.06 .408
-06 -23,.11 492
-02 -08,.05 .628
-03 -08.03 .353
08 0L.15  gog*

14 -.08,.37 212

<01 -02,02 925
.07 -.14,.01 .076

02 -09,.12 731
-02 -14,.09 693
-10 -28,.08 276
<0l  -.06,.07 .990
-0l  -06,.05 .847
10 03,17 gog*

Notes. All models controlled for age, sex, race and ethnicity.

p <.05.
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