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Abstract

Objectives: Intensive interdisciplinary pain treatment (IIPT) programs have been shown to
restore function, improve coping, and reduce pain in adolescents with chronic pain. Yet, little is
known about patients” sleep during 1IPT and whether or not improvements in pain treatment
outcomes are associated with changes in sleep pre-to-post 1IPT treatment. The objectives of the
current study were to describe sleep among adolescents entering IIPT and examine associations
between sleep parameters and IIPT treatment effects.

Methods: Self-reported sleep measures and clinical outcomes (e.g., functional disability, coping,
average pain), were collected from 44 adolescents (mean age=14.57, 68.2% female) at admission
and discharge from an inpatient 1IPT program. Wrist-worn actigraphy data and sleep diaries from
participants’ first week and last week in the program were analyzed to characterize sleep
parameters.

Results: Participants self-reported poor sleep/wake patterns, high levels of insomnia symptoms,
and sub-clinical problems with daytime sleepiness upon admission into I1PT, although actigraphic
indices of sleep from the first week of 1IPT admission were only just under clinical guidelines for
healthy adolescent sleep. Better self-reported sleep quality assessed via aggregated sleep diaries
from the first week was associated with improvement in average pain and disability over the
course of the program. Furthermore, improvements in insomnia symptoms and daytime sleepiness
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throughout the program were positively correlated with concurrent improvements in functional
disability and coping.

Discussion: Taken together, results suggest that sleep may be associated with 1IPT treatment

effects and pave the way for future research to continue examining these relationships.
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Introduction

Approximately 30% of children and adolescents experience pain lasting three months or
longer (1,2) with approximately 5% suffering from pain that interferes with daily
functioning (2,3). Without proper treatment, pediatric chronic pain often persists into
adulthood (4-6). Fortunately, effective treatments for chronic pain exist, including intensive
interdisciplinary pain treatment (IIPT) within an inpatient or day hospital treatment setting.
IIPT is defined by interdisciplinary treatment focused on functional restoration, reduction of
pain-related disability, and improved coping skills (7). IIPT programs have been shown to
lead to robust improvements in disability, psychological outcomes, and pain (7-13), yet,
little is known about factors associated with treatment effects of 11PT.

Known interactions between sleep and pain suggest sleep could be an important factor
affecting treatment outcomes in youth with chronic pain. Sleep disruption, restriction, and
deprivation can alter perception and modulation of pain in experimental settings (14-19).
Clinically, youth with chronic pain report more problematic sleep habits (20), poorer sleep
(21,22), and greater daytime sleepiness than pain-free peers (23). Actigraphy studies find
youth with pain have frequent nighttime awakenings and inefficient sleep compared to
healthy controls (21). Additionally, day-to-day variability in sleep can significantly impact
daily pain levels (24). Youth report higher pain levels on days following nights when they
spent more time awake — but pain levels do not predict the following night’s sleep as
strongly (25,26).

Despite strong relationships between sleep and pain, only one published pediatric study has
examined how changes in sleep are associated with underlying IIPT treatment effects (10).
In that study, significant improvements in patients’ sleep habits, sleep duration, night
awakenings, and daytime sleepiness were observed throughout the IIPT program and were
maintained up to 3 months post treatment. Youths’ sleep habits at discharge correlated with
improvements in functional disability at discharge, and decreased night awakenings
throughout the program were associated with lower functional disability and pain during
post treatment assessments. These results are promising but some methodological limitations
of the study are noteworthy. This study was conducted in a day treatment setting which did
not control patients’ home sleep environments, and sleep outcomes were exclusively self-
reported. The current study builds on these limitations by examining sleep parameters in an
inpatient 1IPT program that provides a controlled sleep environment (i.e., single-bed hospital
room with scheduled wake and bed times; see Setting and Procedures for more information)
using a combination of self-report and actigraphic measures.
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The current study had three aims. First, we sought to characterize subjective and objective
sleep parameters among youth prior to admission to inpatient IIPT and during their first
week in IIPT. We hypothesized that self-report measures characterizing sleep prior to
admission and objective sleep estimates (actigraphy) measured during their first week in the
program would reflect poor sleep (i.e., irregular sleep/wake patterns, poor sleep hygiene,
high levels of insomnia symptoms and daytime sleepiness, high levels of waking after sleep
onset and sleep variability, short total sleep time) relative to published sleep norms or
clinical cut-points. Second, we sought to test whether subjective and objective measures of
sleep were associated with changes in key clinical outcomes (i.e., functional disability,
coping, pain) throughout the program. Third, we sought to test whether changes in
subjective and objective sleep measured during IIPT correlated with changes in clinical
outcomes during I1PT. Based on longitudinal studies showing that changes in sleep lead to
future changes in pain (25), we hypothesized that self-report sleep measures characterizing
patients’ subjective sleep experience prior to admission and objective estimates of sleep
measured during the first week in the program would be associated with clinical outcomes
during the program, and that improvements in sleep would be correlated with improvements
in clinical outcomes.

Participants were 44 pediatric patients 9 — 18 years of age admitted into the Functional
Independence ReSToration (FIRST) program, an inpatient IIPT program at Cincinnati
Children’s Hospital (https://www.cincinnatichildrens.org/service/f/functional-
independence), between January 2018 and June 2019. To be eligible for admission into the
FIRST program, patients needed a diagnosis of chronic pain confirmed by a physician using
comprehensive diagnostic testing, medical clearance to engage in physical activity, and
failure to progress in outpatient treatment for pain (i.e., medical, psychological, physical
therapy) or lack of access to comprehensive pain therapy in an outpatient setting. Patients
were discharged from the FIRST program upon meeting program goals for clinical
improvement (e.g., 225% improvement in functional disability) and/or individualized goals
for functional restoration (e.g., ambulating independently, return to school/sports). In the
current sample, the average length of hospital admission was approximately 20 days, with an
observed minimum of 11 days and an observed maximum of 32 days.

Settings and Procedures

The FIRST program is a Commission on the Accreditation of Rehabilitation Facilities
(CARF) accredited inpatient IIPT program that aims to restore functional ability and
increase self-management and coping skills among children and adolescents with
debilitating chronic pain conditions. A detailed description of the FIRST program including
treatment outcomes and trajectory of recovery over time is published elsewhere (13).
Patients maintained a highly structured schedule and participated in four hours of daily
interdisciplinary treatment (i.e., psychology, physical therapy, occupational therapy), one
hour of school instruction, one hour of self-directed exercise, and up to two additional hours
of recreational therapy, massage therapy, music therapy, and child life intervention. Youth
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were under medical supervision by pain management and pediatric rehabilitation physicians,
nurse practitioners, and nurses. Upon admission into and discharge from the FIRST
program, patients completed the battery of self-report measures assessing pain, sleep,
disability, and coping described below. During their time in the program patients
continuously wore a wrist-based actigraphy watch and completed a sleep diary each morning
(further described in methods). All procedures pertaining to the study were approved by the
Institutional Review Board at Cincinnati Children’s Hospital Medical Center
(IRB#2015-8104).

There were several considerations made to support a good sleep environment and adherence
to basic sleep hygiene rules that patients followed in the FIRST program. During
hospitalization, patients slept in their own single-bed hospital room. Patients were
encouraged to bring their own pillows and blankets from home for comfort. Each room had
at least one window to the outside and one window to the hallway. The windows had
curtains or blinds which patients controlled. Patients were also able to control the
temperature in their room. During the day, patients were expected to keep the lights on in the
room and keep their bed in an upright chair position. At night, they were allowed to position
their bed in a typical flat position for sleeping. Lights needed to be off no later than 10 pm
but patients were allowed to go to bed as early as 8 pm if desired. Patients were not allowed
to have screen time (e.g., TV, phones, computers, tablets) after 10 PM and were asked to
refrain from screen time 30 minutes prior to going to bed. Patients woke up between 7:00
and 7:30 am in order to be ready for therapies at 8:15 am. Naps were not allowed. Patients
were allowed to have one parent stay overnight with them in their hospital room where they
slept on a pull-out couch. Parents had to abide by the same rules as patients (e.g., lights on
during the day, no daytime napping, lights out at 10 pm). Nurses rounded during the night
but only entered patients’ rooms if a medication was required to be administered. Patient’s
vital signs were not monitored during the night unless medically indicated. If the patient was
struggling with sleep, strategies to improve sleep hygiene were addressed in psychology
sessions.

The questionnaires and assessment instruments used to measure study outcomes are
described below. Table 1 illustrates when each measure was collected.

Demographics—Sex, age, ethnicity/race, and pain diagnosis were collected as part of
routine clinical care and extracted from the patient’s medical record post discharge from the
program.

Self-Report Sleep Measures

Behavioral Sleep/Wake Patterns.—Sleep/wake patterns were assessed at admission via
the Adolescent Sleep Wake Scale (ASWS; 20). The ASWS has been well-validated for
assessing behavioral sleep/wake patterns in healthy adolescents and in those with chronic
pain ages 12-18 years (27). ASWS data from patients ages 11 and under were not analyzed
(n=17, 15.9%). The ASWS consists of 33 patient-report items examining the frequency of
sleep behaviors over the last month across five domains (i.e., going to bed, falling asleep,

Clin J Pain. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Boggero et al.

Page 5

maintaining sleep, reinitiating sleep, returning to wakefulness). Each item was scored using
a 6-point scale with anchors of 1 (“Always™) to 6 (“Never”). A total score was computed by
averaging all items, with higher scores reflecting better sleep/wake patterns. Only the total
score was analyzed for the current study. Internal consistency for the scale was a = .86.

Sleep hygiene.—The Adolescent Sleep Hygiene Scale (ASHS; 20) was administered at
admission to assess frequency of sleep-promoting and sleep-inhibiting behaviors occurring
over the past month (e.g. “I do things in bed that keep me awake”). The ASHS has been
well-validated for assessing sleep hygiene in healthy adolescents and in those with chronic
pain ages 12-18 (28). ASHS data from patients ages 11 and under were not analyzed (n=7,
15.9%). The ASHS consists of 33 patient reported items scored on a 6-point scale with
anchors of 1 (*“Always”) to 6 (“Never”). A total score was computed by averaging all items
on the scale, with higher scores reflecting better sleep hygiene. Internal consistency for the
full scale was a = .75.

Insomnia symptoms.—The Pediatric Insomnia Severity Index (PISI; 29,30) was
administered upon admission and at discharge to assess insomnia symptoms in the past
week. The PISI is a 6-item measure with demonstrated reliability and validity as a measure
of insomnia severity within the context of clinical care for youths 18 years of age and
younger (29,30). The PISI assesses sleep domains most relevant to clinical treatment: sleep
onset problems (e.g., “It takes me longer than 30 minutes to fall asleep after going to bed”),
sleep maintenance problems (e.g., “During the night | wake up more than once”), daytime
sleepiness (e.g., “I feel sleepy during the day”), and nocturnal sleep duration (e.g., “How
many hours of sleep do you get on most nights?”). The total nocturnal sleep item is rated on
a 0-5 point scale with each rating designating an estimate of total hours slept on most nights
(0 = greater than 9 hours of sleep, 5 = less than 5 hours of sleep). The remaining five items
are rated on a Likert scale with anchors of 0 (“Never”) to 5 (“Always™). Thus, scores range
from 0 to 30, with higher scores indicative of more severe insomnia symptomatology.
Internal consistency for the scale was a = .78 at admission and a = .77 at discharge.

Daytime sleepiness.—The Epworth Sleepiness Scale for Children (ESS; 31) was
administered at admission and discharge to assess patient’s level of daytime sleepiness over
the last week. The ESS asks patients how likely they would be to fall asleep while
performing each of eight different activities (e.g., “sitting and eating a meal,” “sitting and
watching TV or a video”). For each of the activities, patients rate the likelihood of falling
asleep using a 4-point Likert scale ranging from 0 (“Would never fall asleep”) to 3 (“High
chance of falling asleep”). A total score is computed by summing all eight items, with higher
scores representing greater levels of daytime sleepiness. The ESS has demonstrated validity
for assessing daytime sleepiness in pediatric populations (19). Internal consistency for the
scale was a = .77 at admission and a = .78 at discharge.

Actigraphy-derived Sleep Measures—RPatients wore an actigraph (Actiwatch-2,
Phillips Respironics) on their non-dominant wrist throughout their time in the program; for
this manuscript, data were only analyzed from the first seven nights and last seven nights in
the program. Actigraphy data was binned into 30 second segments (epochs). Each epoch
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was scored as either sleep or wake by the proprietary Actiware algorithm (Phillips
Respironics, Bend, OR; Version 6.0.9), based on the amplitude and frequency of movement
detected during that 30-second epoch. Time of sleep onset and offset were also determined
by criteria specific to the proprietary algorithm. The sleep variables listed below were
derived and averaged across the first seven nights following admission date, as well as the
last seven nights prior to discharge. If patients had four or more nights of actigraphy
available at either time point, an average was taken using all available nights. If patients had
less than four nights available, actigraphy data for that time point was considered missing. If
patients were in the program for fewer than 14 nights (n7= 4, all of who were in the program
for 11 nights), the first seven nights were averaged for the ‘admission’ time point and the
last 4 nights were averaged for “discharge’ time point.

Total Sleep Time (TST, min)was calculated as number of minutes scored as sleep between
the algorithm-defined time of initial sleep onset (first time the patient fell asleep for the
night) and algorithm-defined sleep offset (time the patient woke up in the morning without
falling back asleep). Internal consistency of total sleep time across the first seven nights was
a = .68 and across the last seven nights was a = .84.

Wake After Sleep Onset (WASO, min)was calculated as the number of minutes spent awake
during the night between the time of sleep onset and sleep offset. Internal consistency of
WASO across the first seven nights was a = .87 and across the last seven nights was a = .89.

Sleep Onset Intraindividual Variability was calculated by taking each patient’s personal
standard deviation in sleep onset (first time patient fell asleep for the night) across each
seven-night monitoring period. Because this measure was a standard deviation of the seven
nights of data, reliability for this measure could not be computed.

Sleep Offset Intraindividual Variability was calculated by taking each patient’s personal
standard deviation in sleep offset (time patient woke up in the morning without falling back
asleep) across each 7 seven-morning monitoring period. Because this measure was a
standard deviation of the seven days of data, reliability for this measure could not be
computed.

Daily Diary Sleep Measures

Sleep quality.—As part of the daily sleep diary, patients were asked to rate their sleep
quality for the previous night using an 11-point Likert scale ranging from 0 (“Extremely
poor sleep”) to 10 (“Extremely good sleep”). Responses were averaged across the first seven
nights after admission and the last seven nights prior to discharge for each patient. If patients
had less than four nights of diaries at a given time point, data for that time point was
considered missing. Internal consistency of responses across the first seven nights of
collection was a = .89 and across the last seven nights was a = .86.

Clinical Outcome Measures

Functional Disability.—Patients self-reported their perceived functional disability at
admission and discharge using the Functional Disability Inventory (FDI; 32). The FDI
consists of 15 items assessing difficulty due to physical health in completing activities in
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home, school, recreational, and social domains over the past few days. Responses were rated
on a 5-point Likert scale ranging from 0 (“No trouble™) to 4 (“Impossible). Higher scores
represent greater perceived functional disability. The FDI is well-validated in pediatric
chronic pain populations (33). Among patients in the FIRST program, internal consistency
of the measure was a = .86.

Coping.—Patients self-reported their perceived ability to emotionally manage pain over the
past few days using the 3-item Pain Coping Questionnaire (PCQ; 34). Each item was scored
on a 5-point Likert scale with scores ranging from 1 (“Never”) to 5 (“\Very often”). Higher
scores represent greater/better perceived pain coping efficacy, and the PCQ has been
validated in pediatric chronic pain populations (34). Among patients in the FIRST program,
internal consistency of the measure was a = .68.

Pain Intensity.—Pain intensity at admission and discharge was assessed using the
Numeric Rating Scale-11 (NRS; 35). Children rated average pain levels over the last few
days on an 11-point scale ranging from 0 (“No pain”) to 10 (“Most pain possible”). The
NRS is well validated for assessing pain in pediatric patients with chronic pain conditions
(35,36).

Power Analyses and Data Analysis Plan

For the current analyses, all available data obtained during the study period (January 2018
through June 2019) were utilized. Because this was a clinical sample, it was not possible to
recruit additional participants. A sample size of 44 has power of 0.72 to detect effects of 7=
0.39 or larger.

Prior to primary analyses, actigraphy-derived and daily diary sleep data were averaged
across the first seven nights and last seven nights for each patient. For clinical outcome
measures, a difference was taken between the admission and discharge scores for each
measure (i.e., disability, coping, pain). For self-reported sleep variables collected at
admission and discharge (PISI, ESS) a similar difference score was computed. These
computed differences between admission and discharge indicated total change in each of
these variable throughout the program; these variables were coded so that positive numbers
indicated improvement over the course of the program, and negative numbers indicated
worsening over the program. Once variables were computed, data were checked for outliers
using a criteria of +/— 3 SD and skewness using a criteria of skew/kurtosis scores of +/- 1.5.
Data were visually checked for missingness. Handling of outliers, non-normality, and
missingness is described in the results section below.

Confirming changes in clinical outcome and sleep in the FIRST program.—
After preliminary inspection of data, to replicate previous studies demonstrating the
effectiveness of IIPT programs in general (7) and the FIRST program specifically (13),
paired-samples #tests were used to compare changes in pain, disability, and coping between
admission and discharge. In addition, paired-samples #tests were used to compare changes
in sleep variables at admission and discharge. Effect sizes were computed using Hedges’ g,
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which is more conservative than Cohen’s D for small sample sizes (.2 = small effect; .5 =
medium effect, .8 = large effect; 37).

Aim 1.—The first aim of the study was to characterize self-reported sleep prior to
admission and actigraphic sleep during the first week in the inpatient 1IPT program.
Descriptive statistics of mean, standard deviation, and minimum and maximum observed
values were computed for each variable. To contextualize the findings, means from the
current sample were compared to published norms or clinical cut-points from relevant
adolescent populations. When means and standard deviations from published norms were
available, independent sample #tests were used to compare the means from the current
sample to the means from the reference sample.

Aim 2.—The second aim of the study was to determine if sleep prior to admission and/or
during the first week of the program (i.e., actigraphic measures) was associated with changes
in disability, coping, or pain during the program. Separate models were run for each of the
three outcomes and each of the nine sleep variables (i.e., ASWS total score, ASHS total
score, PISI, ESS, daily diary sleep quality, actigraphy-derived WASO, total sleep time, sleep
onset consistency, sleep offset consistency). For each model, a residualized change approach
with hierarchical linear regressions was used. The first step included the clinical outcome at
admission and covariates of age, sleep medication use (0 = not on any medication; 1 = on
medication) and duration of IIPT in days. The second step included the sleep variable of
interest. The dependent variable was the clinical outcome at discharge. A Holm Bonferroni
(38) correction was used to protect against Type 1 error from multiple comparisons (27 total
models; 9 independent variables x 3 outcome variables). The Holm-Bonferroni correction
consists of sorting all 27 p-values in order of smallest to largest, and each p-value is
considered significant if it is larger than a/(number of test — 1). For example, the fourth
largest p-value in the list would be significant at the p=.017 level or lower, because a/
(number of test — 1) would equal .05/(4-1), which equals .017.

Aim 3.—The final aim of the study was to determine if changes in sleep correlated with
concurrent changes in disability, coping, or pain over the course of the program. To examine
these correlations, changes in each of the sleep variables was correlated with changes in
each of the clinical outcomes using a Pearson’s correlation coefficient. Then, partial
correlations were computed to remove the variance associated with the three covariates (i.e.,
age, medication use, program duration).

All cleaning and extraction of actigraphy data was conducted using Actiware software and
extracted to SPSS for data analyses. All data analyses were conducted using SPSS Version
25 (IBM, Amonk, New York).

Demographic Data

Demographic information for the final sample is reported in Table 2. Average age of the
sample at admission was 14.57 years (SD = 2.68), and the sample was 68.2% female. The
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sample was primarily Caucasian (81.8%), and the most frequent primary diagnoses were
fibromyalgia and Ehlers-Danlos syndrome (27.3% each).

Outliers and Missing Data

One patient had two admissions into the program. Only data from their most recent
admission were used. Seven patients were aged 9, 10, or 11 and thus had missing ASHS and
ASWS data. Two additional patients did not complete the ASHS or ASWS due to time
constraints resulting from a developmental delay or language barrier.

PISI data was missing from one participant at admission and from two participants at
discharge. ESS data was missing from one participant at admission and discharge.

Actigraphy data for the first week in the program were available for all patients. Forty-two
patients had all seven nights of data available; one patient had six nights of data available,
and one patient had four nights of data available.

Actigraphy data for the final week was missing from two patients. An additional patient only
had six nights of data available, and four patients had four nights of data available (due to
program duration of 11 days, as described above). Missing actigraphy data at both time
points was due to technical failure or to the participant forgetting to wear their watch to bed.

Three patients were missing daily diary data over the first week. Seven patients were
missing daily diary data for the last week.

There were no other missing data. Outliers were not identified on any variable. The number
of cases available for each variable are reported in Table 3.

Changes in Clinical Outcomes and Sleep Over the FIRST Program

Replicating the previous literature (7,12), the current sample reported significant decreases
in functional disability (Hedges’ g = 1.73), improvements in coping (Hedges’ g = 0.85), and
reductions in average pain (Hedges’ g = 0.32) over the course of the program (see Table 3).
There were also significant reductions in insomnia symptoms (Hedges’ g = 0.89) and
daytime sleepiness (Hedges’ g = 0.72) over the course of the program, although there were
not significant changes in sleep quality assessed via diaries or in actigraphy measures (see
Table 3). The results were similar when controlling for program duration (in number of
days).

Aim 1: Description of Self-report and Actigraphic Sleep Parameters at Admission

Aim 1 was to characterize subjective and objective sleep parameters among youth upon
admission to inpatient I1PT. Patients self-reported poor sleep/wake patterns assessed via the
ASWS (mean ASWS Total Score = 3.57). However, patients reported slightly better sleep
hygiene assessed via the ASHS as compared to a healthy adolescent reference sample (20)
(mean = 4.52 in the current sample vs. 4.0 in the reference sample, {605) = 4.94, p <.001).
As a group, patients reported sub-clinical problems with daytime sleepiness (mean ESS =
8.00; ESS>10 is reference cut-point for clinically significant sleepiness; 39). Patients also
reported insomnia severity comparable to adolescents presenting for clinical insomnia
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treatment (mean PI1SI = 18.8 in clinical reference sample vs 17.12 in the current sample,
#509) = 1.68, p=.11; 29). Over the first week in the program, patients tended to report fair
sleep quality (mean = 5.69, 0 to 10 scale) in their daily sleep diaries. Actigraphy revealed
that patients slept just under clinical guidelines of 8-10 hours for adolescent sleep (mean
total sleep time in the current sample = 7.96 hours; 40), spent just over 30 minutes awake
after achieving first sleep onset (mean wake after sleep onset = 38 minutes), and had bed/
wake times that were minimally variable — falling within about a 30-minute window day-to-
day.

Aim 2: Associations of Sleep Parameters Measured at Admission with Changes in Clinical

Outcomes

Aim 2 was to test whether patients’ sleep measured at admission was associated with
changes in key clinical outcomes (i.e., functional disability, coping, pain) throughout the
program. Table 4 contains results from the adjusted model examining associations between
sleep parameters at admission with clinical outcomes. After controlling for outcome
variables at admission (e.g., disability, coping, pain), age, sleep medication use, and program
duration, better self-reported sleep quality assessed via the daily diaries over the first week
was associated with improvements in average pain levels and disability over the course of
the program. Additionally, worse self-reported sleep hygiene at admission was associated
with improvements in average pain over the course of the program; however, this association
was not significant after applying the Holm Bonferroni correction to control for Type 1 error.

Aim 3: Correlating Changes in Sleep with Improvement in Clinical Outcomes

Aim 3 was to test whether changes in sleep correlated with concurrent changes in clinical
outcomes during IIPT. Table 5 and Figure 1 reveal that while controlling for relevant
covariates, improvements in insomnia symptoms throughout the program were strongly
positively correlated with concurrent improvements in functional disability and coping
throughout the program. Similar associations, albeit not as strong, were seen for
improvements in daytime sleepiness correlating with concurrent improvements in functional
disability and coping.

Discussion

The current study sought to characterize self-report and actigraphic sleep parameters among
pediatric patients with severely disabling chronic pain undergoing inpatient I1PT, test
whether sleep variables at admission were associated with changes in clinical outcomes, and
determine whether changes in sleep correlated with concurrent changes in disability, coping,
and/or pain during inpatient IIPT. Study hypotheses were partially supported. Results
demonstrated that patients self-reported poor sleep parameters prior to admission into 1IPT
but had generally healthy actigraphic markers of sleep during the first week following
admission. Improvement in some self-reported sleep parameters during treatment were
associated with clinical improvements in disability, pain, and coping. To our knowledge,
these are the first data to examine both self-reported and actigraphic indices of sleep in a
pediatric chronic pain population undergoing I1PT.
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The interrelationships between poor sleep and higher pain are well established in adolescent
and adult chronic pain populations (21,22), and, thus, we expected to find that adolescent
patients presenting to the IIPT program would report disrupted sleep. Indeed, when assessed
at admission, patients self-reported problematic sleep/wake patterns, sub-clinical levels of
daytime sleepiness, but high levels of insomnia symptoms relative to healthy reference
samples (ASWS; ASHS) and a clinical reference sample (PISI). These findings suggest that
perceptions of poor sleep are part of the clinical panorama for children presenting to IIPT
programs for chronic pain.

Despite poor self-reported sleep at admission, we did not find significantly disrupted
actigraphic indices of sleep during the seven nights following admission. Actigraphy data
suggested patients were obtaining near adequate sleep based on the recent American
Academy of Sleep Medicine consensus guidelines (8-10 hours of sleep per night for
adolescents; 40) and had consistent sleep onset and sleep offset times. One possible
explanation for the discrepancy between self-reported and actigraphic data is that these data
were from different measurement time points, with the questionnaires assessing sleep in the
days, weeks, or month prior to admission, and actigraphy reflecting sleep in the first week
following admission. The strict environmental control and schedule maintained during the
FIRST program may have restricted the range for actigraphic indices and may have
exacerbated differences between the patients’ subjectively reported sleep experience prior to
program entry and actigraphic sleep measured during the program. Discrepancies between
self-reported and actigraphic indices of sleep are common in sleep research, with self-report
being more strongly correlated with negative chronic pain outcomes than actigraphic indices
of sleep (41). Still, more work is needed to determine the causes of this discrepancy, and to
determine which measure type (self-report or actigraphy) is more appropriate for specific
clinical outcomes.

Assessments of certain sleep variables measured at admission were found to be associated
with changes in clinical outcomes over the course of the program. Specifically, better
patient-perceived sleep quality as reported on the daily diaries over the first seven days in the
program were associated with the greater improvements in average pain and disability
throughout the program. It may be that those who perceive having better sleep also have
more positive perceptions regarding other outcomes (i.e., pain, disability) because they may
have a more positive outlook in general. A second possibility is that better sleep quality early
on in the program was associated with a change in an unmeasured variable (e.g., fatigue),
and that the associations between sleep quality and pain throughout the program were
mediated by this variable (e.g., fatigue). Other potential mediators of this relationship
include physical activity, diet, and social interactions with peers. Future work examining the
mediators and moderators of the sleep-pain relationship is critically important.

The third aim of the study examined how improvements in sleep over the course of the
program were correlated with concurrent improvements in clinical outcomes. Improvements
in disability and coping were strongly correlated with concurrent improvements in daytime
sleepiness and insomnia symptoms; correlations between these variables and changes in
average pain were less robust and not significant. These correlations were only found
between self-report measures of sleep and clinical outcomes; actigraphic indices of sleep did
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not change over this time period. As previously discussed, because patients were generally
sleeping well in the first week following admission, there may have simply been less room
for improvement in total sleep time, wake after sleep onset, and sleep consistency. Future
studies with baseline home-based actigraphic information are needed and would help answer
questions about whether the objective sleep measures found here represent improvements in
sleep from baseline. These results complement those reported by Logan and colleagues, who
found that sleep habits at discharge correlated with concurrently-measured functional
disability (10). Taken together, results suggest that treatment outcomes from IIPT are
associated with improvements in the subjective experience of sleep.

The mechanisms underlying these relationships remain an important area for future research.
Sleep could enhance program success by increasing emotion regulation ability (42),
improving encoding and rehearsal of information (43), reducing fatigue (44), reducing
perceived intensity of pain (45), or via numerous other mechanisms. Improvements in sleep
may also change physiology in ways that promote health, for example, it may decrease
inflammation and improve immunity among other benefits (46). The specific mechanism by
which better sleep promotes better treatment outcomes are beyond the scope of this paper
but, if discovered, have the potential to improve the treatment effects from IIPT.

Clinical implications

Clinically, the findings from the current study have important implications. Given the
significant improvements in insomnia symptoms and daytime sleepiness observed over the
program, it may be that inpatient IIPT programs — aside from serving to reduce functional
disability associated with pain — also serve as sleep interventions due to the focus on
functional improvement and following a wake and sleep schedule. Another important
clinical implication pertains to the value of assessing actigraphic indices of sleep in IIPT.
Even though evidence for change in actigraphy parameters between the first week and last
week of the program were not found, incorporating actigraphy into 1IPT and other chronic
pain treatment programs may prove beneficial. Actigraphy provides clinically-relevant
descriptive information for both the clinician and patient and can be used to illustrate to the
patient how certain aspects of sleep (i.e., sleep latency, WASO) map to their subjective
experience of sleep and pain (47). Actigraphy may be particularly helpful for visually
illustrating to patients which elements of their sleep are under their control (e.g. time they
get into and out of bed), and which are not under their control (e.g. time they actually fall
asleep, sleep quality). Receiving this visual feedback that they are taking control of their
sleep/wake patterns can be empowering for youth who may previously have felt that they
had little control over their sleep. Actigraphy data can also be used to facilitate important
conversations between the patients and the providers regarding sleep and its potential
relation to pain.

Clinically, for children with chronic pain, targeting and treating problems with sleep may be
just as important as reducing pain to achieve long term improvements in function (48).
Because sleep behavior can be modifiable, incorporating sleep intervention into 1IPT may
offer another angle of treatment that could improve patients’ outcomes. Monitoring sleep
during IIPT may teach patients that they are improving their sleep even if they continue to
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subjectively experience sleep challenges (e.g., perceived sleepiness, insomnia). In this way,
objective sleep information could allow patients to see evidence of changes in sleep (even if
they do not perceive such changes), which could encourage ongoing adoption of healthy
sleep habits (e.g. good sleep hygiene, consistent sleep/wake times). Taken together, patients
likely stand to make significant improvements in long-term pain and function when they
improve their sleep.

Limitations, strengths, and conclusion

The current study is not without limitations. First, the sample size was small and the clinical
population was unique (i.e., adolescents with chronic pain; 27% of population had Ehlers-
Danlos Syndrome); as such, results may not generalize to other chronic pain populations or
age groups. Future work should aim to replicate these findings with a larger sample size
which would allow for construction of structural equation models to parsimoniously explore
the relationships between sleep variables and treatment outcomes. Second, the significant
findings observed between self-reported sleep and self-reported outcomes may be due in part
to method variance. Third, the measurement period captured by the different sleep measures
was variable, with some assessing sleep in the last month, others in the last week, and others
in the last night. These time frames should be taken into consideration when interpreting
results. Finally, the current study averaged across the first week and last week in the program
but did not look at daily associations between sleep, pain, and outcomes. This approach was
primarily chosen because other clinical outcomes were not measured daily (e.g., pain,
disability); however, greater temporal resolution between these outcomes and sleep variables
should be examined in the future.

In conclusion, the results from this study have clinical relevance and are among the first to
describe actigraphic indices of sleep among youth with chronic pain during IIPT, and to
specifically examine associations of sleep parameters to changes in clinical outcomes in an
inpatient 1IPT program. The results provide compelling evidence and pave the way for future
research to more thoroughly examine the pathways by which sleep (or perceptions of sleep)
exert influence on treatment outcomes.
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Figure 1.
Scatterplots of improvement in insomnia symptoms and daytime sleepiness against

improvement in a) functional disability b) coping and c) average pain.
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Data Collection Schedule for all Study Variables.

Table 1.

Collection Period

Admission  First 7 Nights  Last 7 Nights  Discharge
Sleep Variables
Sleep/Wake Patterns (ASWS) X
Sleep Hygiene (ASHS) X
Insomnia Symptoms (PISI) X X
Daytime Sleepiness (ESS) X X
Sleep Quality (Daily Diary) X X
Actigraphy Measures X X
Clinical Outcome Variables
Functional Disability (FDI) X X
Pain Coping (PCQ) X X
Pain Intensity (NRS) X X

Page 18

Note: ASWS = Adolescent sleep wake scale; ASHS = Adolescent sleep hygiene scale; ESS = Epworth sleep scale for children; FDI = Functional

disability inventory; NRS = Numeric rating scale; PCQ = Pain coping questionnaire; PISI = Pediatric insomnia severity index.
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Table 2.

Demographics of the Final Sample (N = 44).

N  Mean (SD, Min/Max) or %

Age at Admission 14.57 (2.68, 9-18)
Number of days in program 20.02 (4.82, 11-32)
Sex (n and % Female) 30 68.2%
Ethnicity/Racial

Caucasian Non-Hispanic 36 81.8%

African-American Non-Hispanic 3 6.8%

Hispanic/Latino 1 2.3%

Mixed Ethnicity/Other 4 9.1%
Primary Diagnosis

Fibromyalgia/diffuse amplified pain 12 27.3%

Ehlers-Danlos syndrome 12 27.3%

Headache/migraine 2 4.5%

Complex regional pain syndrome 5 11.4%

Conversion disorder 1 2.3%

Functional abdominal pain 3 6.8%

Other 9 20.5%
Sleep Medication

Melatonin 15 34.1%

Trazodone 2 2.3%
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Table 3.

Descriptive Statistics of Sleep and Clinical Outcomes for the Final Sample
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Admission or First Week in
Program

Discharge or Last Week in
Program

n Mean (SD, min-max value) n Mean (SD, min-max value) p Hedges’ G
Sleep Outcomes — Self-Report
Sleep/WakePatterns (ASWS) 35 3.57(0.58, 2.59-4.86) - - - -
Sleep Hygiene (ASHS) 35 4.52(0.51, 3.38-5.86) - - - -
Insomnia Symptoms (PISI) 43 17.12 (6.69, 1-30) 42 12.00 (5.91, 1-26) <001 0.80
Daytime Sleepiness (ESS) 43 8.00 (4.55,0-19) 43  5.58 (4.56, 0-16) <.001 0.53
Sleep Quality (Diaries) * 42 5.69 (1.70, 1.40-10.00) 37 5.58(1.52, 2.0-10.0) 66 007
Sleep Outcomes — Actigraphy
WASO (min) # 44 3854 (21.67, 15.93-126.34) 42  38.54 (14.26, 18.21-81.00) .93 0.01
Total Sleep Time (hours) 44 7.96(0.82, 5.61-9.59) 42 7.73(0.79, 5.65-10.16) 07 028
Sleep Onset Variability (min) © 44 37.98 (3131, 2.0-147.00) 42 38.48 (24.13,9.52-116.12) 93 002
Sleep Offset Variability (min) © 44 32.82 (31.57, 8.0-174.00) 42 37.04 (24.84, 6.52-105.50) 50 015
Clinical Outcomes
Disability (FDI) 44 32.25(9.38, 10-52) 44 12.86 (7.73, 0-29) <.001 224
Coping (PCQ) 44 8.27(1.99, 3-13) 44 1059 (2.51, 5-15) <001 1.02
Pain Intensity (NRS) 44 6.20(1.83, 2-10) 44 561 (2.22,0-10) 042 029

Measure averaged over first seven nights in program (admission) and last seven nights in program (discharge).
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Table 4.

Associations between Sleep Variables Collected at Admission and Clinical Outcome at Discharge, Controlling
for Age, Sleep Medication Use, and Program Duration.

FDI at Discharge Coping at Discharge Average Pain at Discharge

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Independent Variable B t p R? B t p R B t p R2
Sleep/wake patterns total score (ASWS)*
Step 1: Outcome at admission 0.25 142 17 14 054 324 003 28 084 851 <001 .72
Age 0.20 114 .26 0.000 0.002 .99 -0.14 -1.35 19
Sleep medication use (Y/N) -022 -122 .23 0.03 0.18 .86 -0.002 -0.02 .99
Program duration (in days) 0.21 120 .24 -0.09 -056 .58 -0.04 -0.34 74
Step 2: ASWS total score at admission  -0.11 -054 60 .15 -0.03 -0.18 .86 .28 0.05 0.45 .66 72
Sleep hygiene total score (ASH S)*k
Step 1: Outcome at admission 0.25 142 17 14 054 324 003 .28 0.84 851 <001 .72
Age 0.20 114 .26 0.000 0.002 .99 -0.14 -1.35 19
Sleep medication use (Y/N) -022 -122 .23 0.03 0.18 .86 -0.002 -0.02 .99
Program duration (in days) 0.21 120 .24 -0.09 -0.56 .58 -0.04 -0.34 74
Step 2: ASHS total score at admission 0.28 156 .13 .21 -0.13 -0.78 44 30 024 2.20 .04 .76
Insomnia symptoms (PI S| )*
Step 1: Outcome at admission 0.19 105 30 .05 037 2.23 .03 .14 0.61 490 <001 41
Age 0.17 098 .33 -0.14 -0.85 .40 0.21 1.60 12
Sleep medication use (Y/N) -0.11 -0.64 .53 0.05 0.29 .78 -0.12 -0.98 .33
Program duration (in days) 0.11 066 .51 0.05 030 .76 -0.06 -0.42 .68
Step 2: PISI total score at admission 0.06 029 .78 .06 0.09 0.53 .60 .14 0.95 0.62 .54 42
Daytimesleepin&ss(ESS)*
Step 1: Outcome at admission 0.19 105 30 .05 037 2.23 .03 .14 0.61 490 <001 41
Age 0.17 098 .33 -0.14 -0.85 .40 0.21 1.60 12
Sleep medication use (Y/N) -0.11 -0.64 .53 0.05 0.29 .78 -0.12 -0.98 .33
Program duration (in days) 0.11 0.66 .51 0.05 0.30 .76 -0.06 -0.42 .68
Step 2: ESS total score at admission 0.08 053 60 .06 -0.16 -1.04 31 .16 0.08 0.65 .52 42
Sleep quality (daily diaries)”
Step 1: Outcome at admission 0.19 106 .30 .05 0.37 2.26 .03 .14 0.61 478 <001 41
Age 0.17 101 .32 -0.14 -0.84 41 0.21 1.57 13
Sleep medication use (Y/N) -0.09 -051 .62 0.04 0.26 .79 -0.13 -0.97 .34
Program duration (in days) 0.06 035 .73 0.05 0.30 77 -0.04 -0.33 74
Step 2: Sleep Quality at admission -037 -222 .03 .16 0.22 1.32 20 .17 -046 -4.02 <.001 .59
Total sleep time (actigraphy)ié
Step 1: Outcome at admission 0.21 120 24 .08 0.36 2.26 .03 .13 0.61 497 <001 42
Age 0.20 126 .22 -022 -137 .18 0.20 1.58 12
Sleep medication use (Y/N) -0.13 -0.80 .43 0.09 0.56 .58 -0.12 -0.95 .35
Program duration (in days) 0.14 0.85 .40 -0.04 -022 .82 -0.07 -0.51 .61
Step 2: Total sleep time at admission 0.15 09 3 .11 -003 -0.16 .87 .13 -0.14 -1.15 .26 44
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FDI at Discharge Coping at Discharge Average Pain at Discharge
WASO (actigraphy) #
Step 1: Outcome at admission 0.21 120 24 .08 0.36 2.26 .03 .13 0.61 497 <001 42
Age 0.20 126 .22 -022 -137 .18 0.20 1.58 12
Sleep medication use (Y/N) -0.13 -0.80 .43 0.09 0.56 .58 -0.12 -0.95 .35
Program duration (in days) 0.14 0.85 .40 -0.04 -0.22 .82 -0.07 -051 .61
Step 2: WASO at admission 0.17 108 .29 .11 -0.07 -047 .64 14 -0.05 -042 .68 42
Sleep onset variability (actigraphy)if
Step 1: Outcome at admission 0.21 120 .24 .08 0.36 2.26 .03 .13 0.61 497 <001 42
Age 0.20 126 .22 -022 -137 .18 0.20 1.58 12
Sleep medication use (Y/N) -0.13 -0.80 .43 0.09 0.56 .58 -0.12 -0.95 .35
Program duration (in days) 0.14 0.85 .40 -0.04 -0.22 .82 -0.07 -051 .61
Step 2: Sleep onset var. at admission -011 -067 51 .09 -0.07 -043 67 .14 0.04 0.31 .76 42
Sleep offset variability (actigraphy)*
Step 1: Outcome at admission 0.21 120 24 .08 0.36 2.26 .03 .13 0.61 497 <001
Age 0.20 126 .22 -022 -137 .18 0.20 1.58 12
Sleep medication use (Y/N) -0.13 -0.80 .43 0.09 0.56 .58 -0.12  -0.95 .35
Program duration (in days) 0.14 0.85 .40 -0.04 -0.22 .82 -0.07 -051 .61

Step 2: Sleep offset var. at admission 0.08 045 66 .09 -003 -0.17 .87 .13 -0.05 -0.35 .73 42

Note: Bolded results indicate statistical significance at Step 2. All models were run independently using linear regression. Age, sleep medication
status (Yes [1]/No [0]), and program duration in days were included as covariates in all models. Unadjusted models are available upon request to
the corresponding author.

ASHS, Adolescent sleep hygiene scale; ASWS, Adolescent sleep wake scale; ESS, Epworth sleep scale for children; FDI, Functional disability
inventory; NRS, Numeric rating scale; PCQ, Pain coping questionnaire; PISI, Pediatric insomnia severity index; WASO, Wake after sleep onset.

*
Measured at admission

¥ . . .
Averaged over first seven days in program (admission)
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Table 5.

Correlations Between Changes in Sleep Variables and Changes in Clinical Outcomes, With and Without
Controlling for Covariates of Age, Sleep Medication Use, and Program Duration.

Improvement in Disability Improvements in Coping Improvements in Pain
(FoIy” ;e (NRS)”
nLp nLp Lp
Improvements in Insomnia
Symptoms (PISI)
Unadjusted .58, <.001 .72,<.001 .33,.03
Controlling for covariates 49, <.01 .73, <.001 .23,.16
Improvements in Daytime
Sleepiness (ESS)
Unadjusted .35,.02 41, <.01 .18,.25
Controlling for covariates 42, <.01 45, <.01 .22,.18

Note: Bolded results indicate statistical significance. Age, sleep medication use (Yes [1]/No [0]), and program duration in days were included as
covariates. Unadjusted models are available upon request to the corresponding author.

ESS, Epworth sleep scale for children; FDI, Functional disability inventory; NRS, Numeric rating scale; PCQ, Pain coping questionnaire; PISI,
Pediatric insomnia severity index.

Correlations between actigrapgy and sleep quality measures with clinical outcomes were not computed because there were no significant changes
in actigraphy or sleep quality from admission to discharge.

Variables were calculated from a difference between admission and discharge scores and were coded so that positive scores represent
improvement over the program and negative scores indicate worsening over the program.
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