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ABSTRACT

Objectives Juvenile idiopathic arthritis (JIA) is a common
chronic childhood disease and chronic pain is a debilitating
feature. A strong link has been shown between poor sleep
and pain in JIA. However, the causal direction is unknown.
This study’s aim was to determine if, in adolescents with
JIA, a recommended healthful sleep duration leads to
reductions in pain when compared with the restricted
sleep (RS) duration that is commonly seen.

Methods Patients with JIA (12—18 years old; pain

score of >1 on a visual analogue scale) participated in

a randomised, crossover sleep manipulation protocol.

The 3-week protocol comprised a baseline week (BL), a
week with healthy sleep duration (HSD; 9.5 hours in bed/
night) and a RS week (RS; 6.5 hours in bed/night). After
BL, participants were randomly assigned to either HSD

or RS, and then crossed over to the other condition. Pain
was self-assessed using the iCanCope with Pain app. We
used Bayesian hierarchical models to estimate the effect of
sleep duration on pain.

Results Participants (n=31; mean age=15.0+1.8

years) averaged 1.4 (95% credible interval (Crl) 1.2—1.6)
more hours of sleep per night during HSD relative to RS.
Compared with RS, HSD resulted in a favourable effect on
pain scores (OR 0.61, 95% Crl 0.39-0.95).

Conclusion It is possible to have adolescents with
childhood arthritis get a healthier sleep duration, and

this longer sleep results in reduced pain. These findings
complement prior correlational studies and confirm a
causal relationship between reduced sleep duration and
increased pain.

Trial registration number NCT04133662.

Childhood arthritis (classified worldwide
as juvenile idiopathic arthritis (JTIA)' is the
most common paediatric rheumatic disease.
It affects 1 to 4 in 1000 children,” making it
one of the most common chronic diseases of
childhood.

JIA is associated with high morbidity. For
example, Swedish children with arthritis have
significantly more physical limitations and

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Children with arthritis face debilitating chronic pain,
despite modern biologic treatments. Many adoles-
cents have poor sleep practices, and their inade-
quate sleep is associated with negative outcomes,
including pain. Poor quantity of sleep, combined
with childhood arthritis, may lead to even worse
health outcomes. Studies have shown a strong link
between sleep duration and pain in children with ar-
thritis, but the direction of the causal relationship is
not clear.

WHAT THIS STUDY ADDS

= Adolescents with arthritis can increase their sleep
duration and, with this increased sleep, their pain
is reduced. This provides causal evidence that short
sleep, in children with arthritis, contributes to worse
pain.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings support interventions that improve the
sleep of adolescents with chronic arthritis.

reduced independence compared with other
European children.” Sixty per cent of Dutch
children with JIA suffer from fatigue and
low energy levels and over 25% have a very
high degree of limitation." These limitations
continue into adulthood with the greatest
impacts in the areas of pain, anxiety/depres-
sion, activity limitation and mobility limita-
tion.” JIA is a cause of functional limitation,
sometimes severe, and pain; it rarely remits
and most affected children will suffer into
adulthood or old age.’

Although modern biologic (anticyto-
kine) treatments reduce the complications
of JIA, pain continues to be a highly preva-
lent morbidity.” ® Among North American
paediatric rheumatologists, 77% report that

BM)
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children with JIA have significant pain despite aggres-
sive therapy.” Pain is the most frequent and distressing
symptom of JIA,' fluctuating within and between
days.” * ' As compared with healthy children, Icelandic
children with JIA report more pain, painful body areas,
pain intensity, pain interference and pain behaviours.'?
In those with polyarticular JIA, pain is reported on an
average of 73% of days, with most participants reporting
pain on more than 60% of days.” A significant propor-
tion of patients (39%) report the experience of pain
on all days, while only a small minority (5%) reported
no pain. This pain is associated with impairment of
physical, emotional, social and role functioning as well
as sleep disturbance and fatigue.”” '* Overall, arthritis-
related pain intensity is typically reported in the mild
to moderate range.” Critically, even a small reduction in
pain is associated with improved health-related quality of
life (HRQoL)."”

Adolescents, in general, frequently have poor sleep
practices'’; their poor sleep has been associated with
negative health outcomes, including pain.'”"? Further-
more, there is a strong relationship between sleep dura-
tion (and/or sleep quality) and pain in JIA.'* **** For
example, in a survey of a random sample of 115 Canadian
children with JIA, greater than 40% reported moderately
severe fatigue and disturbed sleep (quality and/or quan-
tity); HRQoL was reduced and 66% reported ongoing
pain.'* Most importantly, both pain and reduced HRQoL
were highly correlated with disturbed sleep. However,
given the correlational nature of the study designs to
date, the causal direction of the relationship is not clear. That
is, it remains unclear if poor sleep leads to greater pain,
or if pain in childhood arthritis leads to poor sleep, or
both.

If poor sleep is a cause of worsened pain in JIA, an inter-
vention that improves sleep would be expected to lead to
a reduction in pain. Therefore, we studied the effects of
a proven sleep intervention as a method to reduce pain
in adolescents with JIA. We sought to determine whether,
in adolescents with childhood arthritis, a healthful sleep
duration—based on current recommendations—leads
to clinically meaningful reductions in self-reported pain
when compared with mild sleep restriction similar to
what many adolescents experience on school nights. Our
secondary objective was to determine whether, in adoles-
cents with childhood arthritis, healthful sleep duration
leads to clinically meaningful improvements in disease
activity and HRQoL.

METHODS

We conducted a randomised crossover trial, analysed
using a Bayesian framework. We used the Consolidated
Standards of Reporting Trials reporting guidelines
in this manuscript.” The Hospital for Sick Children
Research Ethics Board reviewed the study, and all partic-
ipants provided written informed consent. This project
included a parent representative (author SP) at the

funding application phase, during which feedback and
guidance on the proposal were provided.

Participants

Patients meeting inclusion criteria were consecutively
approached in the rheumatology clinic at The Hospital
for Sick Children in Toronto, Canada. The clinic—
Canada’s largest of its kind—sees tertiary and quater-
nary referral patients. The inclusion criteria were: (1) a
diagnosis of any subtype of JIA, as per the International
League of Associations for Rheumatology criteria,' (2)
between 12 and 18 years of age, (3) capable of providing
informed consent, as judged by the clinical team and (4)
having a baseline pain score of >1cm on a 10cm visual
analogue scale. This pain score was selected, as it repre-
sents at least some level of pain® ** and previous work
has shown that, on average, many Eatients with arthritis
experience daily pain at this level.” The age range was
established for several reasons: all the questionnaires and
tools used are valid for this age group, adolescents have
particularly high base rates of inadequate sleep on school
nights, and the sleep manipulation protocol has been
shown to be feasible in this age group.'® %’

Patients were excluded if they met at least one of
the following criteria: (1) a known sleep disorder (eg,
obstructive sleep apnoea), (2) a high probability of undi-
agnosed obstructive sleep apnoea as determined by the
sleep-disordered breathing subscale of the parentreport
Paediatric Sleep Questionnaire (PSQ),28 (8) taking medi-
cation with the intent to impact sleep (eg, zolpidem,
benzodiazepines; taking melatonin was not an exclusion
but was noted), (4) taking corticosteroids (which may
adversely affect sleep), (5) have obligations that require
a bed time later than 22:00 or a wake time earlier than
5:30 during the study period, (6) daily consumption of
>1 coffee or ‘energy drink’ and/or >3 caffeinated carbon-
ated beverages or (7) do not speak/understand English
with enough proficiency to complete all study-related
tasks, as judged by the clinical team. To minimise the
effects of caffeine use while maintaining a representative
sample, we allowed for mild use but excluded youth who
consumed excessive caffeine.

Procedures

The sleep manipulation protocol used in this study has
been successfully implemented for other chronic condi-
tions."® % %7 It consists of three sleep conditions, each
lasting 1 week total (see figure 1). This study had both an
in-person and virtual option; the virtual option became
available after the onset of the COVID-19 pandemic.
The virtual option had one additional week, a prebase-
line week, before the baseline week, to allow a longer
lead time into the study since the pandemic-related lock
downs often resulted in unusual sleeping patterns.” For
the virtual option, participants were mailed a package of
study materials prior to the scheduled prebaseline visit.
Therefore, for each subject, there were four study visits
over a 3-week period for the in-person participants (prior

2

Clairman H, et al. RMD Open 2023;9:6003352. doi:10.1136/rmdopen-2023-003352



8 Paediatric rheumatology

Fri-Tt it Fri - Sat nig}

Sun - Thurs nights

(self selected bedtime)

Sleep Restriction
(bedtime set to allow 6.5hrs/night in bed)

Healthy Sleep Duration

(self selected bedtime) | ¢ yiime set to allow 9.5hrsinight in bed)

Baseline (self
selected bedtime)

> >

Assessment Assessment

\ V4 (4

Randomization

(self selected bedtime)

I

Healthy Sleep Duration
(bedtime set to allow 9.5hrs/night in bed)

Sleep Restriction

(self selected bedtime) (bedtime set to allow 6.5hrs/night in bed)

Assessment

Figure 1 Study protocol and duration of follow-up.

to COVID-19 pandemic) or five study visits over a 4-week
period for the virtual option (COVID-19 study protocol).
Study visits occurred on consecutive Fridays. All virtual
visits were conducted using Zoom Healthcare (Zoom
Video Communications, San Jose).

At the start of the study, participants identified a wake
time that then remained constant throughout all parts
of the study. The wake time was not allowed to be earlier
than 5:30 or later than 9:30, and was generally guided by
the time they awoke on school days. The Baseline week
was a sleep stabilisation condition to establish baseline
sleeping patterns. During this week, participants were
allowed to set their own bedtime, while keeping the
identified wake time. During the Pre-Baseline week of
the virtual option, participants set their own bedtime,
meaning those participants had a total of 2weeks with
self-selected bedtime and set wake-up time.

Following successful completion of the Baseline
week (ie, the trial coordinator determined that partic-
ipants adhered to the chosen constant wake up time
within+30 min), participants were randomised in a 1:1
ratio to one of two sequences of experimental sleep
conditions: a healthful sleep duration condition (healthy
sleep duration; HSD) followed by a restricted sleep (RS)
condition, or the reverse sequence (RS then HSD).
Randomisation was based on an online random number
generator (sealedenvelope.com) using permuted blocks
of size 6 or 8.

During HSD, bedtimes were set to allow participants
to be in bed for 9.5hours each night, which allows for
the 8-10hours of nightly sleep that is recommended
for adolescents.” During RS, bedtimes were set to allow
participants to be in bed for 6.5 hours each night, a mild
but chronic level of sleep restriction as is commonly
experienced on school nights. Bedtimes were calculated
individually for each participant based on their prese-
lected wake up time. Following completion of the first
experimental week, the participants crossed over to the
other experimental condition.

During each experimental week, the first two nights
served as a washout period between conditions—during
which participants were again allowed to self-select their
bedtimes—and the experimental condition (HSD or RS)
followed for five nights. Previous research has shown that
two nights are sufficient to normalise neurobehavioural
function, daytime sleepiness and other psychological
outcomes in similar protocols.” **

Due to the nature of the intervention, it was not feasible
for participants to be blinded. To minimise measure-
ment bias, all assessors and data analysts were blind to
participant allocation. For trial management and imple-
mentation, the trial coordinators were not blinded to
the participants’ allocation. The trial coordinators were
required to explain the details of the sleep conditions to
the participants and to determine appropriate bedtimes
based on the allocated sleep condition and individual
wake times.

Measures

Sleep monitoring (adherence)

Sleep was measured in several ways. First, an objective
measure of sleep was obtained using the ActiGraph
GT9X Link watch (ActiGraph Corp, Pensacola), which
was worn on the non-dominant wrist 24 hours per day
except while bathing for the duration of the trial. Acti-
graphic sleep outcomes, measured by the watch, included
sleep onset time, sleep offset time, wake after sleep
onset and total sleep time—time spent during awaken-
ings was subtracted from time between sleep onset and
sleep offset.'” ® We chose to use total time asleep, not
including awakenings, for our analysis. Subjective sleep
information was also collected using a self-report diary
for participants to record their sleep and wake time,
similar to previous studies.”” To obtain detailed habitual
sleep pattern information, we used the Inattention and
Sleepiness Behaviour Rating Form. This questionnaire
has performed well in previous studies and has shown to
be responsive to change in sleep conditions.”®

Primary outcome—pain level

In a Bayesian trial, there is no statistical requirement
for a primary outcome, as there is no concern about
type I (alpha) error as there is in a frequentist anal-
ysis.”> However, our primary interest was in the effect of
HSD versus RS on pain level in JIA. As such, the primary
outcome measure was pain level as measured on a
10-point (0-9) scale on the iCanCope with Pain mobile
application, a comprehensive pain self-management plat-
form. Only the daily diary feature of the app was used.
Participants were instructed to log their pain symptoms
at least once, and up to three times daily throughout the
trial. The app includes a diary component that tracks pain
(location, character, triggers, intensity), sleep, mood,
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physical activity, pain interference and energy. The app
is a user-friendly way for adolescents to log their daily
pain symptoms and has check-in reminders embedded
within.*

Before beginning data analysis, we made the decision
to use pain level from the iCanCope app as the primary
outcome on the grounds that it is completed frequently
and is more reflective of pain at the time, rather than
pain summarised in retrospect over the past week.

Secondary outcomes—pain interference and pain behaviour
Participants completed questionnaires at each study
visit. Pain interference and pain behaviour were meas-
ured with the Patient-Reported Outcomes Measurement
Information System (PROMIS) Pain Interference (PD)*
and Pain Behaviour (PB)% scales. The PROMIS-PI is a
well-validated tool that measures the level of interfer-
ence that pain may cause in a patient’s everyday life.
We used a modified version of the PROMIS-PI ques-
tionnaire, removing the question about the impacts of
pain on sleep to eliminate the chance of scores changing
due to the sleep condition in any particular week. Like
the PROMIS-PI, the PROMIS-PB is well validated. The
PROMIS-PB looks at the construct of pain behaviour, or
what actions a patient may engage in that communicate
to others that they are experiencing pain.”

Additional secondary outcomes—disease activity and health-
related quality of life

Disease activity was measured at each study visit using a
modified JIA Core Set and the clinical Juvenile Arthritis
Disease Activity Score (cJADAS). The JIA Core Set
includes physician global assessment of disease activity,
parent/patient assessment of overall well-being, func-
tional ability, number of joints with active arthritis,
number of joints with limited range of motion and eryth-
rocyte sedimentation rate (ESR).37 The cJADAS has
been shown to be highly correlated with the validated
JADAS score.™ The ¢JADAS comprises the physician
assessment of disease activity, the patient/parent assess-
ment of general well-being and the number of joints with
active arthritis. At each of the four in-person study visits,
a physical joint examination was performed by a physi-
cian or advanced practice physiotherapist who specialises
in JIA. For virtual study visits, a virtual paediatric gait,
arms, legs and spine (pGALS)™ assessment was done by
an advanced practice physiotherapist. We also collected
functional status information (via the Childhood Health
Assessment Questionnaire) and the number of joints
with restricted range of motion, for completeness and in
keeping with international recommendations.”” Hence,
the modified JIA Core Set included five of six measures,
without ESR, to increase clinical feasibility.

HRQoL was measured with the Quality of My Life
(QoML) questionnaire. The QoML is a validated instru-
ment to measure overall quality of life and HRQoL as
separate constructs, and provides complementary infor-
mation beyond traditional measures of HRQoL.*

Statistical analysis

The primary analyses used Bayesian hierarchical models
to estimate the effect of the study intervention on the
iCanCope pain score. This score was treated as a 10-point
ordinal variable in a proportional odds model with fixed
effects for period (1 or 2), intervention (HSD or RS)
and (in some models), carryover and accounting for
repeated assessment of scores through random effects
for participant and day within participant. In this model,
the treatment effect captures how the odds of a higher
pain score are affected by the intervention; the assump-
tion is that whatever dichotomising threshold is used for
‘higher pain score’ (eg, >1vs <1, >5vs <), the OR for
treatment remains the same. As there can be uncertainty
about the best model on which to base estimation in a
crossover study, we fit models with and without a carry-
over effect, then chose the model with the best measure
of fit (assessed by the deviance information criterion)
to make our primary inference for the treatment effect.
The main analyses used diffuse normal priors for period
and intervention effects and the carryover parameter and
diffuse half-t distributions on all random effects. Sensi-
tivity analyses examined the robustness of the findings to
archetypal priors,* representing enthusiasm and scepti-
cism about the intervention effect. Continuous outcomes
(eg, sleep duration) were analysed using similar Bayesian
models, but with linear regression replacing the propor-
tional odds model. The estimated posterior mean treat-
ment effects are presented with 95% credible intervals
(CrI) and posterior probabilities of any benefit and
benefit exceeding a minimum important difference,
where this value is available. Analyses of the trial data
used R V.4.2.1* and Stan.” **

Sample size determination

Although, strictly speaking, Bayesian analyses do not
require sample size specification,” ** we wanted to make
sure we had adequate precision. We based our sample
size on the PROMIS pain interference score as the neces-
sary published values were available (but not available at
that time for iCanCope). Using the published values of 6
for the minimally important difference on the PROMIS
pain interference score” (although some studies report
an MCID as low as 1) and 10 for its cross-sectional SD,
we examined the performance of several sample sizes
under varying assumptions about the amount of attrition
(10%, 15%, 20%) and the within-person correlation of
repeated measurement of PROMIS pain interference
(0.8, 0.6)46; we simulated 1000 bivariate normal datasets,
for each total sample size between 20 to 30 participants,
with a period effect and a specified correlation between
period 1 and period 2. For each dataset, we fitted our
Bayesian no-carryover, random-participants model in the
Just Another Gibbs Sampler (JAGS) ¥ statistical language,
and computed the lower end of the 97.5% CrI. Finally, we
calculated the “Bayesian power” as the proportion of the
1000 intervals that lay above and excluded the value zero;
this is analogous to calculating power for a one-sided
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Table 1 Demographic and clinical characteristics of the
study sample

Mean (SD) or count (%)

Age (years) 15.0 (1.8)
Age at diagnosis (years) 7.3(5.2)
Female sex 24 (77.4)
BMI (kg/m?) 23.0 (6.3)
JIA type

Oligoarticular 5(
Polyarticular RF negative 13
Polyarticular RF positive B
Enthesitis-related arthritis 4(12.9)
Psoriatic arthritis 0 (

1

5(

Systemic arthritis 3.2)
Other 16.1)
Medications for JIA
Biologic 16 (51.6)
Methotrexate 8 (25.8)
NSAID 8 (25.8)
Leflunomide 6(19.4)
Sulfasalazine 13.2
Prednisone 0 (0.0)
None 7 (22.6)
Taking melatonin 2 (6.5)

BMI, body mass index; JIA, juvenile idiopathic arthritis; NSAID,
non-steroidal antiinflammatory drugs; RF, rheumatoid factor.

frequentist hypothesis test of no effect. For a sample size
of 30 participants, a correlation of 0.6 between measure-
ments in the two periods, and 20% dropout, Bayesian
power was 85%. With a correlation of 0.8 and 20%
dropout, this sample size gave power>98%.

RESULTS

Eighty-six potential participants were approached in
clinic and 35 (41%) consented to participate between
July 2019 and January 2021. Of the 35 consented partic-
ipants, 4 (11%) screened positive (score>0.33) on the
sleep-disordered breathing subscale of the PSQ and did
not start the trial. Of the 31 participants who started the
study, 30 completed the study in its entirety. Fourteen
participants completed the study with in-person study
visits and 16 completed the study with virtual study visits
and a Pre-Baseline week; one participant who had virtual
study visits did not complete the second experimental
week. Table 1 describes the demographic and clinical
characteristics of the study sample.

Participants averaged 1.4 (95% CrI 1.2-1.6) more hours
of total sleep time per night (ie, time spent during awak-
enings was subtracted from time between sleep onset to
sleep offset) during the healthful sleep condition relative

200

150

100

[42]
o

Mean nightly minutes of sleep in study period
&
o
Increase in mean nightly minutes of sleep

Restricted Longer
Intervention

Figure 2 Mean nightly minutes of sleep per patient in each
sleep condition (left). Mean increase in nightly minutes of
sleep per patient (right).

to the RS condition (see figure 2). The mean differ-
ence between total time in bed and total time asleep was
69.4min with an SD of 23.9min, and there was a strong
linear relationship between the two (Pearson r=0.90,
p<0.0001).

The distribution of all pain scores shifted towards
higher values during the RS week and towards lower
values during the HSD week (figure 3A). Daily pain, as
reported using the iCanCope app, decreased in the HSD
week compared with the RS week with a probability of
98.9% (figure 3C). Participants had a 40% reduction (OR
0.61, 95% CrI 0.39-0.95) in the odds of reporting higher
pain scores in the HSD condition. However, the differ-
ence was small for several participants (see figure 3B).

Responses to all other questions on the iCanCope app
(ie, related to pain interference, mood, energy, phys-
ical activity and sleep) showed significant improvement
during the HSD week relative to the RS week. Figure 4
displays the posterior density plots for each outcome
measure, including the ORs and probability of the OR
being less than 1.

The two PROMIS measures—PI and PB—had mixed
results. Pain interference significantly improved during
the HSD week (average improvement ~1, probability of
improvement=87%), whereas pain behaviour appeared
somewhat worse during the HSD week compared with the
RS week. Online supplemental appendix figure 1 displays
the posterior density plots for effects on each outcome
measure, along with mean differences in PROMIS scores
between RS and HSD periods and probabilities of the
treatment being beneficial (ie, having a difference less
than 0).

The components of the c¢JADAS, and the QoL and
HRQoL measures all showed improved scores during the
HSD week, meaning that these measures of disease activity
and life quality improved with more sleep (but, to a small
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(A) Observed distribution of all pain ratings in both sleep conditions. (B) Mean pain level for each study participant

during each sleep condition and change in mean pain score with healthful sleep duration. (C) Posterior (probability) density
of the OR for the effect of HSD versus RS on the pain level on the iCanCope with Pain app. The vertical axis is proportional
to probability; the horizontal axis is the OR for a lower pain score during the HSD when compared with RS. The plot shows
that most evidence lies on values of the OR less than 1 (98.9% probability, visible as the area under the curve to the left of
1), indicating lower values of pain during the HSD week than in the RS week. The horizontal heavy bar displays the estimated
mean OR and 95% Crl. Crl, credible interval; HSD, healthy sleep duration; RS, restricted sleep.

degree). Online supplemental appendix figure 2 displays
the posterior density plots for the clinical measures,
patient-report measures and HRQoL measures.

DISCUSSION

To our knowledge, this is the first study in adolescents
with JIA to use a sleep manipulation protocol to deter-
mine the effect on pain. This study found that pain
improves with longer sleep for adolescents with JIA who
report at least some daily pain. Improvements were found
after an average increase of 84 min of sleep per night in
our primary outcome, pain level, pain interference and
also disease activity and HRQoL. Therefore, it can be

1.80

w
o

=1
o

Odds ratio for lower pain score with longer sleep

0.10
Pr(OR < 1)
99.8% 99.3% 99.9% 81.4% 100%
Interference Mood Energy Activity Sleep

iCan Pain Domain
Figure 4 Posterior density plots (rotated 90 degrees)
for outcome measures from the iCanCope with Pain app,
including pain interference, mood, energy, activity and sleep.
Please see figure 3C for a description of posterior density
plots. Here, the solid horizontal lines inside each density
show the mean OR and 95% Crl. Crl, credible interval.

concluded that a healthful duration of sleep is causally
associated with (ie, leads to) reduced pain in adolescents
with JIA when compared with the mild chronic sleep
restriction experienced by many adolescents on school
nights; improving sleep duration is an important part of
ancillary care for children with arthritis.

It is interesting to speculate why adolescents with JIA
reported worse pain behaviours when they slept more.
This is especially puzzling since the iCanCope measures
of pain interference, mood, energy and activity (putative
mediators of pain behaviours) all improved significantly
and with high probability in the longer sleep condition.
Itis possible that the duration of the intervention periods
was too short to observe behaviour changes. In a recently
published study of over 300 adults (median age 39 years)
undergoing sports-related knee or shoulder surgery,
changes in sleep disturbance (presumably from the
surgery) predicted PROMIS pain behaviour changes 6
weeks post-surgery. ™ Perhaps our washout period did not
correctly address the lag time between sleep disturbance
and pain behaviour. Also, the PROMIS questionnaire
asks about pain behaviours ‘when I was in pain’. As such,
it may be that while pain level improves with a HSD, there
is no change in behaviour when pain actually occurs.

Many papers report the total time in bed, but we
reported total time asleep. There was a tight correlation
to the two times in our subjects, and one could just add
69.4min to our results to see the total time in bed.

Adequate quality and quantity of sleep is now recognised
as one of the most important contributors to health.*’
Conversely, both poor quality sleep and reduced sleep
time are associated with many impairments in health and
well-being. For example, there is increasing awareness of
the link between chronic sleep deprivation and its asso-
ciation with impairments in affective states, including
increased anxiety, depression and mood lability, poorer
cognitive function and worse functional impairment
scores.'® ** °1 Sleep deprivation is also associated with
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impaired HRQoL.” Here, we show the importance of
healthful sleep duration in JIA as well.

The mechanism by which longer sleep duration
reduces pain, in general, has not been fully worked out.
While the association seems sure and, when studied,
poor sleep is temporally more predictive of pain than the
other way around, the mechanisms have not been fully
established.” Several studies, mostly in healthy adults,
have examined psychological states (eg, negative affect,
depressive and/or anxiety symptoms, increase pain
attention, pain helplessness) as potential mediators of
the relationship of sleep duration and pain. Whibley et
al, did a systematic review of these mediation studies and
concluded that they, while suggestive, could not be consid-
ered conclusive because of limitations in the methods (eg,
most studies have been cross-sectional.”® More recently,
Krause et al, examined 25 healthy adults with a balanced,
repeated measures experimental design using functional
MRI (fMRI). In this study, the participants were subject
to 1 night of sleep deprivation and had pain thresholds
(using a standard thermal test) determined while in the
fMRI scanner. The same subjects were tested in the same
way after a full night’s sleep. Following the sleep depriva-
tion condition, pain thresholds were relatively reduced (ie,
pain levels were increased to thermal stimulation). On
imaging, this was associated with increased pain reactivity
in the contralateral primary somatosensory cortex and
reduced activity in the thalamus and nucleus accumbens
(consistent with a change in the decision threshold as to
what constitutes a painful stimuli). Higher order cortical
evaluation of pain was reduced in the insula and cingu-
late during the sleep deprivation condition, suggesting
disinhibition of pain.”* While we did not investigate brain
mechanisms in our clinically diagnosed youth, we spec-
ulate that healthy sleep restores normal inhibitory pain
responses in JIA, while reduced sleep leads to disinhib-
ited pain sensations.

Pain is difficult to measulre,55 and we used a state-of-
the-art, real-time method.” Many investigators treat
numerical and visual analogue scale measures as though
they are digital and have ratio, or at least interval, proper-
ties, which is often not tru656; for example, small changes
near the ends of these scales carry more importance
than similar changes in the middle of the scales. Treating
ordinal measures as though they have interval properties
may have some empirical support when tolerant statis-
tical testing methods are used57; however, we chose to
be true to the nature of the measurements and analysed
our results as ordinal,”™ and using a Bayesian framework.
In this way our results may be more conservative but are
more robust.

Whereas our results demonstrate a very highly likely
improvement in pain with a HSD, the improvement
noted on the PROMIS pain interference measure is
rather small, and less than the minimal important differ-
ence reported in most studies. One might expect that
a greater increase in the actual sleep experienced by
participants (during the longer sleep duration week) and

a longer duration of healthy sleep, would lead to larger
improvements in pain interference, but this remains
unproven. Interestingly, the improvement in pain inter-
ference as measured by the iCanCope showed a larger
improvement; this may reflect the improved measure-
ment properties of repeatedly measuring in real time
(ecologic momentary assessment) A

A single systematic review has investigated sleep
quality in JIA, however, of the 10 studies included, there
were no intervention trials that specifically targeted
improved sleep with the aim of reducing pain.”' This
review reported that several sleep abnormalities are seen
when children with JIA are compared with healthy chil-
dren—shorter phases of restorative sleep, more periodic
leg movements and more arousals. Children with JIA also
have increased periods of alpha wave intrusion during
non-REM sleep. The review concluded that compared
with healthy controls, children with arthritis experience
increased sleep disturbances, and that these sleep distur-
bances are often associated with pain.”’ However, the
quality of all the studies reviewed was suboptimal; impor-
tantly, no experimental study had been done to establish
the direction of causality between pain and disturbed
sleep. Our study adds to this literature and suggests a
causal link between reduced sleep duration and increase
pain; sleep interventions that target healthful sleep dura-
tion should, based on our findings, lead to reduced pain
in our patients.

Our study findings should be interpreted in light of
some possible limitations. First, this study only focused
on duration of sleep and did not examine other aspects
of sleep which may also impact pain, such as wake periods
(arousals) after sleep onset. Second, we had continuous
recruitment over the course of 1.5 years and did not
differentiate between periods when school was in session
or not. It is not known whether this population expe-
riences a difference in pain levels between times when
school is in session (winter months) versus not in session
(summer months). Finally, we were able to continue
enrolling participants into the study after the onset of
the COVID-19 pandemic by completing all study proce-
dures virtually; however, it is known that lockdowns due
to the pandemic had a significant effect on levels of phys-
ical activity experienced by children and adolescents,”
which may have in-turn contributed to pain levels. Future
research may consider examining how sleep manipula-
tion protocols may impact adolescents with varying levels
of physical activity.

CONCLUSION

This study has shown a positive causal effect of healthful
sleep duration on reduced pain scores. Although less
striking, we have also shown improvements of healthful
sleep on measures of disease activity and HRQoL in
adolescents with childhood arthritis. This study provides
strong evidence supporting the practice of sleep hygiene
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counselling for adolescents with chronic arthritis with a
goal of achieving a healthful sleep duration.
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