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Context: General fatigue, sleep-related fatigue, and cognitive fatigue are prevalent and disruptive in adults with chronic musculos-
keletal (MSK) pain, but little is known about these fatigue subtypes in pediatric musculoskeletal pain.

Objective: To compare fatigue and its subtypes between adolescents with chronic MSK pain and pain-free controls and to test if
fatigue subtypes were associated with concurrent pain and its impact (pain intensity, number of pain sites, pain interference, and
functional disability) or experimental pain (intensity and tolerance) in adolescents with chronic MSK pain. Finally, we sought to
explore adolescents’ qualitative characterizations of their fatigue.

Methods: Adolescents with chronic MSK pain (12—17 y.o., n = 26) and pain-free controls (n = 26) completed validated self-report
measures of fatigue, pain, and functional disability, underwent an experimental pain tolerance task (cold water immersion of the hand),
and provided qualitative descriptions of their fatigue (pain group only).

Results: Adolescents with chronic MSK pain reported significantly greater general, sleep-related, and cognitive fatigue than pain-free
controls (all p’s < 0.001). In adolescents with chronic MSK pain, fatigue subtypes were associated with clinical pain and pain impact
(r’s = 0.43-0.84) but not experimental pain measures (p’s > 0.05). Adolescents with chronic MSK pain qualitatively described the
negative implications of the different fatigue subtypes, particularly when perceived as long-lasting.

Conclusion: This preliminary study suggests that fatigue subtypes are prevalent and impactful in pediatric patients with chronic MSK
pain. When planning multi-disciplinary treatment for pediatric MSK pain, providers should recognize fatigue as another disabling
Ssymptom.
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Introduction

Approximately 5% of children and adolescents report experiencing debilitating chronic pain.' This pain is often musculoske-
letal in nature (MSK, eg, juvenile fibromyalgia, amplified widespread musculoskeletal pain, chronic lower back pain, and
others) and is associated with worse psychosocial functioning, greater healthcare utilization, missed schooldays, and lower
quality of life, among other negative outcomes.' Fatigue, defined as a persistent overwhelming feeling of tiredness, is
prevalent in patients with chronic MSK pain,>” including pediatric MSK pain patients.*” A meta-analysis of adolescents
with juvenile idiopathic arthritis revealed that 60~76% of patients reported fatigue, with 25% reporting severe fatigue.® Yet,
much of what we know about fatigue and pain comes from adults, with limited studies in pediatric chronic pain. The most
utilized assessment tool for pediatric fatigue is the Pediatric Quality of Life Multidimensional Fatigue Scale (PEDsQL-MFS)
which consists of a total score and individual subtype scores of sleep-related fatigue (eg, feeling tired in the morning), general
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fatigue (eg, feeling too tired to do things), and cognitive/mental fatigue (eg, difficulty maintaining attention).”'* In
a heterogeneous sample of adolescents with chronic pain,'* cognitive fatigue was more strongly correlated to health related
quality of life than were general or sleep-related fatigue, and in adults with chronic pain general fatigue was more strongly
correlated to pain-related interference with daily activities than other fatigue subtypes.'>'® These findings suggest there may
be specific relationships between fatigue subtypes and pain outcomes, but the PEDsQL-MFS has not yet been utilized to
characterize fatigue in adolescents with chronic MSK pain or test how fatigue subtypes are related to different pain variables
such as pain intensity, pain interference, disability, number of pain sites, or experimental pain outcomes. Learning about these
associations is important because different fatigue subtypes may be indicative of differing underlying processes and may
inform the development of targeted interventions for pain.

The current study had three aims. The first was to characterize general, sleep-related, and cognitive fatigue in
adolescents with chronic MSK pain conditions and compare fatigue characteristics to age-matched pain-free controls.
We hypothesized adolescents with chronic MSK pain would report a higher prevalence of fatigue than pain-free
controls The second was to test if fatigue subtypes were associated with concurrent and experimental pain variables.
We included both self-report and experimental pain variables to capture subjective and objective (eg, evoked
responses to a standardized pain stimulus) aspects of pain. For experimental pain we chose a cold pressor task as it
has been established as a safe and reliable measure to assess pain processing in children and adolescents.'” We
hypothesized that fatigue subtypes would have unique relationships with both self-report and experimental pain
variables.'>'® The third was to conduct an exploratory (ie, no a-priori hypotheses) qualitative analysis of adolescents’
narrative descriptions of their fatigue to enrich our understanding of the experience of fatigue beyond the quantitative
measures. Although qualitative studies of fatigue in adults with chronic pain find that patients perceive fatigue as
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unpredictable, uncontrollable, multidimensional, and highly disruptive, no such studies exist in adolescents with

chronic MSK pain.

Methods

Participants

Participants were recruited from a children’s hospital in the US Midwest from September 2019 to July 2020 via flyers
posted around the hospital and telephone calls to previous pain research participants. Eligibility criteria for the chronic
MSK pain group included having the ability to read/understand English, being aged 12-17 (inclusive), having
a physician-confirmed diagnosis of chronic (>3 months) MSK pain (eg, juvenile fibromyalgia, amplified widespread
pain, chronic lower back pain), and having a parent/caregiver report that adolescents’ experienced pain and disability
over the past two weeks. Participants were excluded if they reported being pregnant, on opioids, or having a lifetime
history of cancer, cardiovascular disorder, Raynaud’s disease, lupus, developmental abnormalities, schizophrenia, bipolar
disorder, or seizures. The pain-free control group had to be absent of any lifetime history of chronic pain and had to have
a parent report no pain or disability in the last two weeks. Control participants were matched by sex and age (+ 1 year) to
participants in the pain group.

Procedures

Data for this study are a subset of a larger study examining correlates of pediatric MSK pain. Interested participants were
screened via a phone conversation with their parent/s to confirm eligibility. If eligible, parents and participants completed
an in-person visit where they provided assent/consent. Then, parents were escorted to a waiting area to avoid biasing
participants’ responses. Participants completed questionnaires via REDcap with a trained research staff member available
to answer questions. Then, participants underwent an experimental task where they submerged their hand in cold water
(10°C) to assess pain intensity and tolerance (how long they were able to keep their hand submerged).?® After 20 seconds
and immediately after withdrawing their hand, participants provided a verbal numeric rating scale (NRS) of pain intensity
(0="No Pain”, 10="The worst pain imaginable). Unbeknownst to the participant, there was a S-minute limit on the task.
Participants were compensated $50 for completing the study. Procedures were approved by the IRB (#2019-0698) and
complied with the Declaration of Helsinki.
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Materials
Demographics
Participants reported their age, sex, race, and ethnicity.

Fatigue

The PEDsQL-MFS was used to assess fatigue subtypes.” The PEDsQL-MFS evaluates the extent to which 18 symptoms
(a=0.96) have been problematic over the last month (0="Almost always”, 100="Never”). Higher scores indicated lower
fatigue. Three subscales were computed: General fatigue (6 items, a=0.93), sleep-related fatigue (6 items, a=0.87), and
mental/cognitive fatigue (6 items, a=0.95). A structured fatigue interview questionnaire”' (Appendix 1) assessed fatigue
prevalence and qualitative descriptors. Participants were presented a definition of fatigue and asked whether they
experienced fatigue (Yes/No). If they answered “No”, they were not asked further questions. If they answered “Yes”,
they were asked to type what fatigue felt like using an open text box, rate the severity of their fatigue in the past month
(1="No fatigue” to 10="Extremely fatigued”) and describe the temporal pattern of fatigue (chronic or episodic).

Pain

Participants were asked to list their pain diagnosis. At the start of the lab session, participants verbally reported their
current bodily pain intensity using a numeric rating scale (NRS, 0="“Not at all”, 10=“Worst pain imaginable”).
Participants also reported average pain intensity over the past two weeks using the same NRS.?* Pain interference
was assessed using the 8-item PROMIS pediatric pain interference scale (1=“Never” to 5=“Almost always”).> A total
score was computed by summing all items (a=0.86). The number of pain sites was assessed using a body map of 18 body
sites on which participants indicated whether they had experienced pain over the past three months. A total score was
computed by summing marked sites (0~18).** Cold pain intensity was computed by averaging the two NRS ratings
obtained during the hand submersion task. Cold pain tolerance was operationalized as the time (in seconds) that
participants kept their hand submerged.

Disability
Functional disability was assessed using the Functional Disability Inventory.”> Responses to all 15 items (0="“No
trouble”, 5=“Impossible”) were summed into a total score (a=92), with higher numbers indicating greater disability.

Data Analysis

Power was based on correlations between fatigue subtypes and pain interference in adults with chronic pain (=0.37 for
the smallest of these correlations)."> A sample of 55 would provide >80% power to detect similar correlations. We
conservatively sought to recruit n=30 in both the pain and control groups. Due to the COVID-19 shutdown in
March 2020, we obtained n=26 in each group, providing >80% power to detect 7>.38.

The data did not contain outliers (+ 3 SD from the mean) and all variables were approximately normally distributed (+
1.5 kurtosis). For Aim 1, we computed descriptive statistics. Effect sizes were computed using Hedges’ g.>° For Aim 2,
correlations were computed using only data from the chronic MSK pain group. Linear regressions were then used, with
all three fatigue subtypes entered as simultaneous predictors for each pain variable. Age and sex were analyzed as
covariates in all models but were not significant and were thus removed to preserve power. Analyses were run on SPSS
Version 27 (IBM Corp., Armonk, NY).

For exploratory Aim 3, qualitative responses from the structured fatigue interview were examined. A co-author (NH)
and a research assistant unitized thought units from all 24 written responses (n=2 in the chronic MSK group did not
report fatigue). From these thought units, themes were identified, refined, and organized into higher-level categories by
consulting with a co-author (CV) whose expertise is in pain and fatigue research. Data were then coded independently
using a codebook created for the study by two research assistants who met with NH to resolve discrepancies. Codes were
quantified by the number of adolescents who mentioned a given theme. Because approximately half of the participants in
the chronic MSK pain group reported fatigue as chronic (n=13) vs episodic (n=11), we analyzed the qualitative data
separately for these groups.
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Results

Clinical Description

Approximately 31% of parents of participants in the chronic MSK pain group rated their child’s pain over the last two
weeks as mild, 46% as moderate, and 23% as severe. The most common pain diagnoses were Ehlers Danlos Syndrome,
juvenile fibromyalgia, and widespread musculoskeletal pain (Table 1). The average duration of pain was 40.90 months
(SD=39.78 months, range=4—144 months).

Aim |: Prevalence/Intensity of Fatigue Between Participants with MSK Pain and

Controls

Those in the chronic MSK pain group reported significantly greater fatigue and fatigue subtypes than age- and sex-
matched pain-free controls (Table 1). Effect sizes ranged between Hedges g=1.25—1.47, with the largest difference being
in general fatigue. Based on the structured fatigue interview, 92.3% (n=24) of the chronic MSK pain group reported
fatigue versus 26.9% (n=7) in the control group (X*=23.08, p<0.001). Those who reported fatigue rated it as low- to
moderate intensity in the pain-free control group (n=7, M=4.43, SD=1.34) and moderate- to high-intensity in the chronic
MSK pain group (n=24, M=6.67, SD=1.58). Only one participant in the control group reported chronic fatigue, compared
to 13 in the MSK pain group.

Table | Demographic Information and Descriptive Statistics for Fatigue and Pain Variables

Control Group Chronic MSK Group
(n = 26) (n=26)
Mean (SD) or n (%) Mean (SD) or n (%) T (or X%), p Hedges’ g

Demographics
Age 15.23 (1.68) 15.54 (1.50) 0.70, 0.49 —0.191
Sex, Female 22 (84.6%) 22 (84.6%) N/A N/A
Race, Caucasian 21 (80.8%) 23 (88.5%) 0.59, 0.44 N/A
Ethnicity, Non-Hispanic 22 (84.6%) 25 (96.2%) 1.99, 0.16 N/A
Pain diagnosis*

Juvenile fibromyalgia N/A 8 (30.8%)

Amplified/widespread MSK pain N/A 7 (26.9%)

Ehlers-Danlos syndrome N/A 17 (65.4%)

Juvenile idiopathic arthritis N/A 4 (15.4%)

Chronic lower back pain N/A 2 (7.7%)

CRPS N/A 2 (7.7%)

Other N/A 4 (15.4%)
Fatigue
n (%) reporting fatigue 7 (26.9%) 24 (92.3%) 23.08, <0.001 N/A
PEDsQL- Fatigue

General fatigue ' 79.17 (19.40) 48.24 (21.99) 5.38, <0.001 1.469

Sleep-related fatigue ' 72.44 (21.67) 44.07 (19.48) 4.97, <0.001 1.356

Cognitive fatigue 81.89 (21.28) 51.76 (26.01) 4.57, <0.001 1.249
Pain Variables
Current Pain Intensity (verbal NRS) 0.38 (0.94) 4.15 (2.54) 7.09, <0.001 —-1.939
Average Pain Intensity (NRS) N/A 5.19 (1.92)
PROMIS Pain Interference 12.77 (5.44) 22.85 (6.69) 5.96, <0.001 —-1.628
Functional Disability 2.08 (3.25) 19.35 (11.48) 7.38, <0.001 -2.016
Number of Pain Sites 0.62 (1.02) 8.73 (4.99) 8.12, <0.001 —2.218
Cold Pain Intensity 5.40 (1.79) 5.98 (2.29) 1.01, 0.32 —-0.278
Cold Pain Tolerance (sec) 197.84 (114.62) 228.19 (109.09) 0.98, 0.33 —0.267

Notes: *Percentages add to over 100 due to comorbidities. "Higher scores indicate less fatigue (ie, better functioning).
Abbreviations: MSK, musculoskeletal; PEDsQL- fatigue, Pediatric quality of life; PROMIS, Patient reported outcome measurement information system.
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Aim 2: Relations of Fatigue Subtypes with Pain Variables

Fatigue subtypes were moderately intercorrelated (r’s=0.42-0.72; Table 2). General fatigue was correlated with all
clinical pain variables, whereas correlations between cognitive/sleep-related fatigue and pain variables were dependent
on the specific association examined. None of the subtypes were associated with experimental pain outcomes.

Linear regression analyses indicated that greater general fatigue (controlling for cognitive and sleep-related fatigue)
was associated with worse disability and higher pain interference (Table 3). Sleep-related fatigue was also associated
with higher disability, controlling for other subtypes. When all three subtypes were entered together, they explained 60%
of the variance in pain interference and 76% of the variance in functional disability.

Exploratory Aim 3: Qualitative Descriptions of Fatigue

Table 4 summarizes the frequency of themes mentioned by the participants with MSK pain. Three higher-order themes
were identified: description, manifestation, and impact of fatigue. When describing fatigue, most adolescents with MSK
pain described fatigue as feeling “tired” or “worn down.” Those who reported chronic fatigue (n=13) tended to highlight
the pervasive nature of their symptoms (eg, “I feel like I’'m exhausted and took 20 exams at once 24/7” and “[I]t’s like
a heavy blanket that is always on you”). There were three sub-themes within the manifestation theme: general, cognitive,
and sleep-wake. Five adolescents mentioned general manifestations of fatigue (eg, “I just can’t function or keep it
together”). Additionally, five mentioned cognitive manifestations (eg, “[I] have trouble thinking.”). Finally, half of the
adolescents identified sleep-wake manifestations (eg, “[I] always feel like I need a nap”). More adolescents in the chronic
(vs episodic) group reported manifestations of fatigue across all three sub-themes. Adolescents in the chronic fatigue
group stated fatigue interfered with their performance in school-related or daily activities whereas those in the episodic
group mentioned more not finishing or wanting to do more activities.

Table 2 Descriptive Statistics and Bivariate Correlations Among Fatigue Subtypes and Pain Variables in the Chronic MSK Pain Group
Only (n = 26)

Mean | SD l. 2. 3. 4. 5. 6. 7. 8. 9. 10.
|. General Fatigue 4824 | 21.99 [ 0.53% | 0.72%F | —0.48* | —0.39 | —0.79** | —0.84** | —0.57* | —0.18 | 0.03
(PEDsQL)"
2. Sleep-Related Fatigue | 48.07 19.48 [ 0.46* | -0.09 | —0.30 | —0.54* | —0.65% | —0.48 —0.03 | 0.34
(PEDsQL)"
3. Cognitive Fatigue 51.76 | 26.01 [ —0.44% | —0.18 | —0.65% | —0.72*%¢ | —0.43* | —0.28 | 0.22
(PEDsQL)"
4. Current Pain Intensity | 4.15 2.54 | 0.62°%¢ | 0.43* 0.31 0.52% | 0.19 0.22
(verbal NRS)
5. Average Pain Intensity | 5.19 1.92 | 0.24 0.26 0.26 0.34 0.18
(NRS)
6. Pain Interference 22.85 6.69 | 0.86** 0.63%* 0.24 —0.06
(PROMIS)
7. Functional Disability 19.35 11.48 | 0.62°* 032 | -0.18
(FDI)
8. Number of Pain Sites | 8.73 4.99 I 0.17 —0.17
(sum)
9. Cold Pain Intensity 5.98 229 | —-0.09
(verbal NRS)
10. Cold Pain Tolerance | 228.19 | 109.08 |
(sec)

Notes: 'Higher scores indicate less fatigue (ie, better functioning). *p <0.05, **p <0.01.
Abbreviations: FDI, Functional disability inventory; NRS, numeric rating scale; PEDsQL, Pediatric quality of life; PFDS, pain frequency duration severity scale; PROMIS,
Patient reported outcome measurement information system; MSK = Musculoskeletal.
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Table 3 Associations of Fatigue Subtypes with Pain Variables, Controlling for Other Fatigue Subtypes in Chronic MSK Pain Group Only (n=26)

Current Pain Intensity

Average Pain Intensity

Pain Interference

Functional Disability

B t p Adi.R? | t p Adj.R* | p t p Adi.R? | p t p Adj. R?
General Fatigue * —0.45 —1.60 0.12 0.19 —-0.31 —0.98 0.34 0.02 —-0.59 —2.98 0.007 0.60 -0.54 | —3.50 0.002 0.76
Sleep-Related Fatigue " 0.24 I.11 0.28 —-0.19 —0.81 0.43 —0.16 —-1.08 0.29 —0.28 —2.40 0.03
Cognitive Fatigue * -0.21 -0.79 0.44 0.12 0.41 0.68 —-0.16 —0.85 0.40 -0.22 —-1.50 0.15

Number of Pain Sites Cold Pain Intensity Cold Pain Tolerance

B t p Adi.R? | B t p Adj.R* | p t p Adj. R?
General Fatigue * —0.43 —-1.620 0.12 0.29 0.001 0.001 0.99 <0.001 —0.49 —1.68 0.11 0.12
Sleep-Related Fatigue —0.25 1.24 0.23 0.10 0.41 0.69 0.44 1.96 0.06
Cognitive Fatigue ' —0.02 —0.09 0.93 -032 | —-1.08 0.29 0.40 1.46 0.16

Note: "Higher scores indicate less fatigue (ie, better functioning).
Abbreviation: MSK, Musculoskeletal.
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Table 4 Joint Display of Episodic and Chronic Fatigue Themes Endorsed by Participants with Chronic MSK Pain

Chronic Fatigue (n = 13) Episodic Fatigue (n = 11)
Description
Freq.(%) 10 (77%) 10 (91%)
“It makes me feel tired and worn down.” “It makes me feel really tired and worn down.”
“Constantly tired/never get enough rest to feel refreshed.” “Tired after noon [...] somewhat achy at times.”
“l feel like 'm exhausted and took 20 exams at once 24/7.” “A very sudden tired feeling all throughout my body.”
“[1]t’s like a heavy blanket that is always on you.” “Having no energy left to run on, getting tired fast.”
Manifestation
General
Freq.(%) 4 (31%) 1 (9%)
“I can barely keep my head up. | feel like | can’t hold my head up on my own.” “After | move things or | use a lot of my energy, I'll feel
“I may have problems functioning and moving around.” a huge wave crash down on me.”
“I just can’t function or keep it together.”
“[...] having to drag through the rest of the day.”
Coghnitive
Freq.(%) 4 (31%) 1 (9%)
“I can’t focus.” “[1] have troubles thinking. It’s like my mind is a blank
“Difficulty focusing” sheet of paper.”
“I can’t focus or get distracted really easily. | would be in a conversation and forget what the
person said after [...].”
“Pm in a haze.”
Sleep-wake
Freq.(%) 8 (62%) 4 (36%)
“I fall asleep.” “Having trouble staying awake.”
“I feel like I need to rest and sleep.” “I'm very sleepy.”
“[1] always feel like | need a nap.” “l do feel sleepy.”
“Im between a state of consciousness and being asleep. Almost as if | could pass out at any “l sometimes take a nap.”
given moment, yet reluctantly | stay awake.”
“It’s an incredibly upsetting feeling.”
Broad impact
Freq.(%) 4 (31%) 2 (18%)
“It sometimes makes me struggle in school.” “Not always being able to finish what | start.”
“I feel like I can’t do certain things like keep up with sports because | just want to go home and “If ’'m out with my friends all day, | seldom wish to do
lay down.” something, even if | want to.”
“Sometimes | feel too lazy to participate in school and just want to stay home.”
“Debilitating makes normal life a lot harder.”

Discussion

Fatigue remains poorly characterized in pediatric chronic MSK pain. We found that over 90% of participants with
chronic MSK pain reported fatigue, and they rated it as moderate/severe in intensity. These results corroborate what has
been found in other pediatric MSK pain populations®?’ and suggest that fatigue is at least — if not more — prevalent and
intense in adolescents with chronic pain than in adults with chronic pain. Our study extends these findings by high-
lighting that fatigue in pediatric chronic MSK pain appears to be multidimensional, and that fatigue subtypes (particularly
general fatigue) were robustly related to specific clinical pain variables and to daily function — a finding that is strongly
consistent with the adult chronic pain literature.'>'® All three fatigue subtypes were more strongly correlated to variables
of poor pain-related functioning (ie, pain interference, disability) than to variables relating to the experience of pain
(intensity, number of pain sites), suggesting that fatigue may affect how people function with pain more than how they
experience it.

Moreover, fatigue in this population appears to have a temporal component, with over half of participants reporting it
as chronic. Results from the qualitative components of the study suggest participants described fatigue symptoms as
general, sleep-related, or cognitive. This consistency is particularly striking because these descriptions were completed
before participants completed the PEDsQL-MFS to avoid biasing their responses. Our qualitative data also suggest that
participants who report chronic versus episodic fatigue differ in their experiences of fatigue symptoms. No existing
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quantitative fatigue measures consider this distinction, and future work should determine how to best assess temporal
components of fatigue in chronic pain.

Interestingly, none of the subtypes were associated with experimental pain outcomes, indicating that experimental
pain may be driven by factors other than fatigue. Fatigue may influence people’s ability to function with pain (hence,
associations between fatigue and health-related quality of life, pain interference, and disability [eg, 14—16]) and not
people’s actual experience of pain intensity.?® It is also possible that other experimental pain paradigms may be more
sensitive to fatigue effects than the cold pressor task. For example, fatigue might impact how the central nervous system
modulates nociceptive information and may be better assessed via temporal summation or conditioned pain modulation
paradigms. These possibilities should be formally tested.

The current study has limitations. The small sample was heterogeneous and may not generalize to more specific (eg,
juvenile fibromyalgia only) or broader (ie, all chronic pain) populations. We were underpowered to assess if the
relationships among fatigue subtypes and pain outcomes were condition specific. The study did not control for
medication use or pain duration. Because patients were recruited from a hospital setting and required a physician-
confirmed pain diagnosis, adolescents who did not seek medical care were not represented. Results need to be replicated
with a larger and more representative sample.

The study also has considerable strengths. A matched design was used to control for demographic factors that have
been linked to fatigue. The use of quantitative, qualitative, and experimental pain data in this preliminary investigation
lays the foundation for more comprehensive studies to examine fatigue in pediatric chronic MSK pain. Eventually,
a better understanding of fatigue and its subtypes may lead to more effective multi-disciplinary pain management.

Key Message

General, cognitive, and sleep-related fatigue were positively associated with bodily pain intensity, pain interference,
functional disability, and the number of pain sites. Adolescents with MSK pain described their fatigue as problematic.
Providers, teachers, and family members should recognize fatigue as another disabling symptom when working with
adolescents with chronic MSK pain.
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