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Abstract

Chronic pain is a prevalent condition in children and adolescents, standing
as the primary cause of disability across the lifespan and imposing
significant burdens on healthcare systems. Research indicates that chronic
pain among youth has increased in recent decades, highlighting the need
for a comprehensive evaluation of the issues surrounding chronic pain in
this population, including strategies for an accurate assessment,

prevention, and intervention.

This doctoral dissertation addresses these challenges focusing on the
prevalence of chronic pain in children and adolescents, including high-
impact chronic pain, while also identifying potential biopsychosocial factors
contributing to its increase. Furthermore, this dissertation aims to improve
the assessment of children and adolescents with chronic pain by adapting
and validating a questionnaire to grade chronic pain severity. Lastly, this
dissertation provides new and important data on several biopsychosocial
factors that are significantly associated with physical and emotional

function, the use of medication, and sleep in this population.

The main findings of this dissertation are summarized in the following
pages, with detailed information provided in the included articles. The main

conclusions are:
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e Chronic pain prevalence among children and adolescents is very
high and increasing.

e Community-based interventions targeting modifiable factors
related to early menarche, sedentarism, obesity, sleep disturbance,
and psychological symptoms may help prevent the increase in
chronic pain among adolescents.

e The Pediatric version of the Graded Chronic Pain Scale-Revised is
a valid instrument to grade the severity of chronic pain in children
and adolescents.

e Addressing fatigue in children with chronic pain may prevent sleep
disturbance and reduce daily pain impact.

e Addressing pain catastrophizing in children and adolescents with
chronic pain using pain-related medication can reduce the risk of
medication misuse and related adverse effects.

e Addressing sleep disturbance in children and adolescents with
chronic pain who have experienced adverse childhood events may

prevent the worsening of emotional function.
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1. Introduction

This doctoral dissertation represents the culmination of four years
of research conducted at the Unit for the Study and Treatment of Pain -
ALGOS and the Chair in Pediatric Pain, Universitat Rovira i Virgili, under
the guidance of Dr. Jordi Mird, and with the invaluable support of my
colleagues at the ALGOS group.

The dissertation is organized into three main parts. The first part
presents foundational concepts of pain, distinguishing between acute and
chronic pain, and introducing the concept of high-impact chronic pain to
better identify individuals significantly affected by chronic pain.
Subsequently, it presents data on the concerning prevalence and temporal
trends of chronic pain in children and adolescents, particularly in Europe.

Following this, the biopsychosocial model of chronic pain is
introduced, emphasizing childhood vulnerabilities that influence its
development. The core outcome domains of chronic pain are then
described, along with recommended measures for their assessment.
Additionally, the introduction addresses the management of chronic pain in
children and adolescents from a biopsychosocial perspective.

The introduction concludes by highlighting the crucial role of
epidemiological research in advancing our understanding of chronic pain,
including its prevalence across various age and sociodemographic groups,
and in determining the factors contributing to its increase over time.

Furthermore, it highlights the utility of epidemiological studies in developing
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assessment tools and providing practical information for the treatment of
children and adolescents with chronic pain.

The second section of the dissertation delineates the six objectives
and an overview of the methods used, describing the selection of
participants, procedures, and measurement tools. Subsequently, the
section presents the results of the nine studies included in the dissertation.

The third section includes a comprehensive discussion synthesizes
the findings of the studies and offers insights into potential avenues for
future research. The dissertation concludes with a succinct summary of the

key findings.

1.1. Pain, acute pain, chronic pain, and high-impact

chronic pain

1.1.1. Pain

The International Association for the Study of Pain (IASP) defined
pain in 1979 as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of
such damage” (IASP, 1979). This definition remained in use for over four
decades and gained a widespread acceptance among health care
professionals and researchers. It was also endorsed by various
professional, governmental, and nongovernmental organizations, including
the World Health Organization (WHO). However, advancements in pain
research prompted a reevaluation of the definition. Consequently, the IASP

recently revisited the terminology, opting to replace phrases that relied
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solely on a person's ability to articulate the experience to qualify as pain.
The updated definition now states that pain is: “an unpleasant sensory and
emotional experience associated with, or resembling that associated with,
actual or potential tissue damage” (Raja et al., 2020).

Having pain, albeit unpleasant, is normal and could even be
adaptive; for example, when a child accidentally touches a hot stove, the
immediate sensation of pain prompts her or him to quickly retract her or his
hand, thereby preventing further injury. In this way, pain acts as a protective
mechanism, facilitating the avoidance of dangerous situations and
promoting safety. On the other hand, the continuous absence of any pain
at all is profoundly abnormal and appears only as congenital nociceptor
deficiency or dysfunction. This situation is far from adaptive, notably leading
to major clinical problems associated with the absence of defensive
responding and learning, and with a severe shortening of life expectancy
(Drissi et al., 2020; E. T. Walters & Williams, 2019; Weisman et al., 2019).

Pain can be categorized through various parameters such as

location, quality, intensity, duration, or presentation (IASP, 1994; Miro,

2010). Within the scope of this doctoral dissertation, the duration of pain is

of paramount importance, given that duration can indicate whether one’s
pain serves as adaptive or not. When describing duration, pain is classified
as either acute or chronic. The terms "acute" and "chronic" denote specific
time frames; simply put, “acute" refers to short-lived issues whereas

"chronic" indicates long-term conditions.
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1.1.2. Acute Pain

According to the IASP, acute pain is a transient response to a
noxious stimulus or injury, typically associated with tissue damage (IASP,
2022). It serves an adaptive function by signaling potential harm to the
system. Acute pain is inherently time-limited, dissipating as the threat
resolves and the damaged tissue heals (Carr & Goudas, 1999).

Acute pain typically may last up to 3 months and encompasses
anything from brief muscular discomfort to postoperative pain (Johansen et
al., 2012; Werner & Kongsgaard, 2014). It is a common and expected part
of daily life from childhood to adulthood, and most everyday acute pain does
not require clinical intervention. In adults, for example, a European study
involving 8506 patients, 70% of adults reported experiencing pain at least
once a month, such as headaches, menstrual pains, or muscle aches
(Vowles, 2014). In youths, an observational study of everyday pain in 3- to
7-year-olds reported an incident rate of 0.33 per hour per child (Noel et al.,
2018). In addition, acute pain can also occur deliberately as part of a social
process (e.g., body adornment, contact sport, or ritual), suggesting

normalized and common experiences of pain across cultures and societies.

1.1.3. Chronic pain

Pain that persists beyond the expected period of healing, is known
as “chronic pain” (IASP, 1994; Treede et al., 2019). Unlike acute pain that
serves the important function of signaling harm to the body's integrity,
chronic pain is in itself a disease with poor prognosis, featuring peripheral

and central sensitization to pain signals (Siddall & Cousins, 2004; Tracey &
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Bushnell, 2009). Temporally speaking, according to the IASP, chronic pain
is any pain that persists beyond three months (Smith et al., 2019). This
definition of chronic pain was recently included in the International
Classification of Diseases (ICD-11), which classifies chronic pain into seven
distinct groups: chronic primary pain, chronic cancer pain, chronic
posttraumatic and postsurgical pain, chronic neuropathic pain, chronic
headache and orofacial pain, chronic visceral pain, and chronic
musculoskeletal pain (Treede et al., 2015, 2019).

Historically, chronic pain was considered to start at 6 months post-

onset for adults and 3 months post-onset for children. However, although

agreed upon by the international pain research community, the temporal-
centered definition of chronic pain has some limitations (Dzau & Pizzo,
2014; Von Korff & Dunn, 2008). For example, as with acute pain, 3 months
is an absolute cutoff and does not account for life stage. For example, 3
months for a 6-month-old is 50% of his or her life but 0.4% of the life of a
60-year-old. Similarly, this definition of chronic pain would be inapplicable
to describe the experience of a child of 2 months who has experienced pain
from birth, even though having lived their life in pain is expected to be
clinically meaningful (Emre llhan et al., 2022). After discussing the problem
of definitions that rely on duration has been discussed (Von Korff & Dunn,
2008), 3 months post-onset of pain is now thought to be more clinically
relevant for adults and children alike, and it serves as the dividing boundary

that differentiates chronic from acute pain.
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The inclusion of pain frequency (e.g., daily, once or twice a week)
in the definition of chronic pain has been suggested as a potential solution
to better identify individuals with chronic pain, including treatment
responders (Deyo et al., 2014; Herman et al., 2023). Furthermore, beyond
temporal considerations, the current definition of chronic pain fails to
capture the multidimensional nature of chronic pain, including activity
limitations and participation restrictions (Dunn et al., 2008; Mackey, 2016;
Von Korff, 2011; Von Korff et al., 2016), which are classifications recognized

by the World Health Organization (World Health Organization, 2007).

1.1.4. High-impact chronic pain

In response to the criticisms around the current definition of chronic
pain, particularly when capturing activity limitations and participation
restrictions, the concept of high-impact chronic pain has emerged as a
means to identify individuals experiencing significant life disability due to
chronic pain (Von Korff et al., 2016). This concept also enables better
delineation of individuals who contribute to the substantial economic costs
associated with chronic pain (Von Korff et al., 2016), thereby facilitating
strategic economic planning. Multiple definitions of high-impact chronic pain
have been used in different studies. For example, several studies mainly
conducted with the general adult population in the United States defined
high-impact chronic pain as either pain present most days or every day in
the past three months with significant limitations in one or more activities
(Pitcher et al., 2019), or chronic pain that limited life or work activities on

most days or every day during the past 6 months (Dahlhamer et al., 2018).
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Individuals with high impact chronic pain have been shown to have
significantly higher levels of disability, anxiety, depression, fatigue, and
cognitive dysfunction than those with chronic pain that is not of high-impact

(Pitcher et al., 2019).

1.2. Chronic pain in children and adolescents: a public

health problem

Chronic pain is also a widespread problem among children and
adolescents worldwide. A recent systematic review that included studies
from 71 different countries reported that 1 in 5 children and adolescents
have chronic pain, although prevalence rates vary depending on the
assessment methods and definitions of chronic pain used (Chambers et al.,
2024). Further, the prevalence of chronic pain varies across demographic
groups, with girls reporting higher rates compared to boys (Chambers et al.,
2024). Additionally, some demographic groups such as immigrant children
and adolescents may also exhibit higher prevalence rates of chronic pain
(Alfven, 1993; Luntamo et al., 2012). Nevertheless, the high prevalence of
pediatric chronic pain inherently poses a significant burden on society. The
ongoing medical care required by children and adolescents with chronic
pain, including the use of pain medications (Huguet & Mird, 2008; Konning,
Rosenthal, Friese, et al., 2021), significantly contributes to economic strain
of healthcare systems (Groenewald et al., 2014; Groenewald & Palermo,
2015; Kitschen et al., 2024; Tumin et al., 2018). For instance, in the United
States alone, the economic costs of pediatric chronic pain averages

US$1339 per patient, and result in nationwide costs of US$19.5 billion
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annually (Groenewald et al., 2014), which is likely to increase when pain
associated with long-term conditions is also considered.

Available data from both clinical and community samples suggest
that pain conditions in childhood persist into adulthood in more than 50% of
the cases (Horst et al., 2014; Kashikar-Zuck et al., 2014, 2019; Larsson et
al., 2018; Stanford et al., 2008; Walker et al., 2010). Moreover, in many
chronic health conditions (e.g., sickle cell disease, chronic pancreatitis)
pain becomes more severe at the adult stage (Dampier et al., 2017).
Affecting between one-fifth and one-half of the general population (Breivik
et al., 2006; Fayaz et al., 2016), chronic pain poses a significant global
health challenge (James et al., 2018) and ranks as the leading cause of

disability worldwide (Rice et al., 2016).

1.2.1. Prevalence and trends of chronic pain in children and

adolescents in Europe

The prevalence of chronic pain in children and adolescents is high
in Europe (Haraldstad et al., 2011; Huguet & Miro, 2008; Perquin et al.,
2000; Roth-Isigkeit et al., 2005; Vervoort et al., 2014; Wager et al., 2020;
Walters et al., 2018). For example, a recent cross-national study showed
that up to 40% of European youths experience some form of pain weekly
over a period of 6 months (Gobina et al., 2019). Moreover, the prevalence
of pediatric chronic pain in Europe has also witnessed a notable increase
over the past decade. A number of studies from different European
countries have documented this trend, highlighting a rise in various chronic

pain conditions (Anttila et al., 2006; Bandell-Hoekstra et al., 2001; Hakala

10
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et al.,, 2002; Laurell et al., 2004; Luntamo et al., 2012). Particularly
significant is Roy and colleagues’ recent study (2022) where pooled data
from 33 primarily European countries revealed a 3.3% increase in the
prevalence of chronic back pain among adolescents over a span of 14
years, with 22% of adolescents experiencing chronic back pain in 2014.
This worrying trend highlights the need for urgent attention and concerted
efforts from healthcare providers, policymakers, and researchers to
address the multifaceted impact of pediatric chronic pain on individuals and

society as a whole, and to determine the factors contributing to its increase.

1.3. Developmental Models of Chronic Pain: The

biopsychosocial model

One of the prevailing conceptual frameworks for understanding
chronic pain is the biopsychosocial model of pain (Gatchel et al., 2007; Turk
et al., 2011), which has been applied to pediatric pain (Liossi & Howard,
2016). According to this model, the experience of chronic pain is the result
from the interaction of biological (e.g., nociceptive information is encoded
by the central nervous system), psychological (e.g., how nociception is
understood) and social factors (e.g., socioeconomic status). Extending
beyond its original formulation, researchers have adapted this model to
highlight developmental considerations, including pediatric-specific and
lifespan perspectives. (Palermo et al., 2014; Rosenbloom et al., 2017;
Walco et al., 2016). Recently, Palermo (2020) proposed a model delineating
childhood biopsychosocial vulnerabilities that influence both the

development of chronic pain in children and adolescents and long-term

11
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outcomes into adulthood. These vulnerabilities include emotional, health
behavior, social and familial, and neurobiological factors. A summary of

vulnerabilities and therefore potential actionable targets follow.

1.3.1. Emotional vulnerabilities

In Palermo's model regarding the biopsychosocial factors involved
in the development of chronic pain in children and adult outcomes,
emotional vulnerabilities play a pivotal role. These vulnerabilities
encompass various factors, including pain coping abilities, threat appraisal,
anxiety and depressive symptoms, and other psychiatric conditions.
Prospective studies indicate that early emotional concerns, such as anxiety
and depression, often precede the chronification of pain in childhood (Jones
et al., 2003; Stanford et al., 2008). Additionally, emotional vulnerabilities
frequently co-occur with chronic pain in children and adolescents,
exacerbating pain experiences and contributing to long-term adverse
outcomes in adulthood (Holley et al., 2016; Mano et al., 2019; Soltani et al.,
2019). For instance, individuals exhibiting high levels of emotional distress
during adolescence tend to experience more severe pain symptoms and
are at greater risk of developing comorbid conditions, such as functional
gastrointestinal disorders and comorbid anxiety or depressive disorders, in

adulthood (Walker et al., 2012).

1.3.2. Health behavior vulnerabilities

Health behavior vulnerabilities that arise during childhood and

adolescence, such as sleep problems, lack of physical activity, and
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nutritional factors (Christoph et al., 2019; Rovio et al., 2018; Zhang et al.,
2017), are identified as potential contributors to the development and
maintenance of chronic pain in childhood and adolescence. For example,
research suggests that sleep problems during childhood may predict the
development of chronic pain in adolescence (Incledon et al., 2016). While
there is limited data on the full range of health behavior vulnerabilities
predicting the onset of childhood pain, current research primarily focuses
on concurrent associations between childhood chronic pain and various
health behaviors. For instance, children with chronic pain often experience
declines in physical activity and struggle to engage in vigorous activities

(Swain et al., 2016; Wilson & Palermo, 2012).

1.3.3. Social and Family-related Vulnerabilities

The model underscores the importance of social and family
vulnerabilities in shaping childhood chronic pain experiences and long-term
outcomes. These vulnerabilities encompass various aspects, including the
child's relational skills, autonomy, parenting behaviors, parental
psychological distress, family functioning, and socioeconomic context.
Research has primarily examined how parent pain status and
socioeconomic indicators are associated with the onset of pain in childhood
(Fryer et al., 2017; Stone & Wilson, 2016). Findings suggest that having
one or both parents with chronic pain increases the child's risk of developing
chronic pain in a dose-response fashion (Higgins et al., 2015; Moore et al.,
2020). Moreover, specific parent and family factors, such as protective

behaviors and parental distress, are associated with increased pain and
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disability in children with chronic pain (Claar et al., 2008; Liossi & Howard,
2016; Palermo et al., 2014). Family and peer relationships are also
significantly impacted by chronic pain experiences (Cservenka et al., 2015;
Solé et al., 2023). Furthermore, social vulnerabilities during childhood
predict future adult health outcomes, with socioeconomic conditions and
housing quality in childhood linked to adult onset of chronic pain (Muthuri

et al., 2018).

1.3.4. Neurobiological Vulnerabilities

In exploring neurobiological vulnerabilities associated with chronic
pain, a crucial focus lies on understanding the structural and functional
brain circuitries involved in pain, emotion, stress, and behavior, particularly
considering the role of neuroplasticity across developmental stages from
neonatal to young adulthood. Studies investigating pain heritability offer
insights into potential neural correlates linked to the risk of chronic pain
development. For instance, a pilot fMRI study revealed altered brain activity
in adolescents with a parent experiencing chronic pain, suggesting an early
emergence of a phenotype associated with chronic pain conditions before
significant pain symptom onset (Cservenka et al., 2015). Notably, these
adolescents exhibited reduced brain activity in visual processing and
affective brain regions like the amygdala, along with differences in
frontoparietal regions, reminiscent of findings in adults and youth with
chronic pain (Cservenka et al., 2015). Additionally, research on youth with
existing chronic pain demonstrates structural changes, including

widespread gray-matter atrophy across various brain regions involved in
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motor, affective, motivational, emotional, cognitive, memory, and fear-
related functions (Simons et al., 2014). Functional connectivity changes in
neural networks and amygdala-based covariance have also been
observed. However, the direct linkage of specific childhood neurobiological
vulnerabilities to future adult outcomes remains uncertain.

Although Palermo's model does not include cognitive factors,
research has demonstrated that cognitive vulnerabilities such as pain
catastrophizing or pain threat appraisal play a significant role in chronic pain
in children and adolescents (Fisher et al., 2018) These cognitive
vulnerabilities have been suggested to amplify or maintain pain in childhood
and to predict poor long-term outcomes. For example, higher levels of pain
catastrophizing - an exaggerated negative mindset towards pain,
characterized by feelings of helplessness, excessive focus on pain
sensations, and pessimistic thoughts about the ability to control pain
(Sullivan et al., 2001) - have been associated with poorer outcomes in
children and adolescents with chronic pain including higher pain intensity

and disability, and emotional function (Miller et al., 2018).
1.4. Core domains of chronic pain in children and
adolescents

Determining the presence or absence of chronic pain in children
and adolescents is just the first step to addressing this public health
problem. To improve care, the use of appropriate psychometrically-sound
pain-related outcome measures is essential, as well as accurate

assessment of these outcomes (Laures et al., 2019).
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In 2006, a pediatric working group of the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (PedIMMPACT)
conducted a Delphi poll, reaching consensus and identifying eight core
outcome domains to consider in the treatment of children and adolescents
with chronic pain: pain intensity, physical function, symptoms/adverse
events, global satisfaction with treatment, emotional function, role function,
sleep, and economic factors (McGrath et al., 2008). These PedIMMPACT
recommendations have been available to guide outcomes measurement in
clinical registries and trials (e.g., Bhandari et al., 2016; Palermo et al.,
2016). However, some concerns about the uptake of these
recommendations over the past 12 years arose. For example, in a
systematic review of reporting practices in 107 randomized controlled trials
of pediatric chronic pain interventions (Connolly et al., 2019), nearly all trials
included pain intensity as an outcome domain. However, fewer than 35%
included outcomes in any other recommended domain, suggesting
insufficient use of this core outcome set (Connolly et al., 2019; Fillingim et
al., 2016).

In light of these concerns, in 2021, a working group headed by
Palermo developed a new set of key outcome domains that incorporated
scientific innovations in outcome measurement and include patients’
perspectives (Palermo et al., 2021). This set of domains includes three
mandatory domains (i.e., pain severity, pain interference with daily living,
and adverse events) and four optional domains (i.e., overall well-being,
emotional function, physical function, and sleep; Palermo et al., 2021).

Furthermore, this working group also developed a list of the patient-
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reported measures recommended to assess each domain, considering
their clinical utility and measurement properties (Palermo et al., 2024).
These mandatory and optional domains along with the recommended

patient-reported questionnaires are briefly described below.

1.4.1. Mandatory domains

1.4.1.1. Pain Severity

Epidemiological research has shown that up to 13% of children and
adolescents experience severe chronic pain (Vervoort et al., 2014) and that
most patients receiving medical intervention for their chronic pain have
moderate to severe chronic pain (Wager et al., 2013).

The current standard instrument to assess the severity of chronic
pain is the Graded Chronic Pain Scale (GCPS). This system was developed
by Von Korff et al. in 1992 for use in adults (Von Korff et al., 1992) and has
been subsequently adapted for use in children and adolescents either in
epidemiological (Huguet & Mir6, 2008; Kénning, Rosenthal, Brown, et al.,
2021; Vervoort et al., 2014) and clinical studies (Wager et al., 2013). This
system classifies the severity of chronic pain into different grades which
vary from 0 “no chronic pain” to 4 “severe, disabling chronic pain.” In the
original version for adults, pain severity is calculated based on an algorithm
including the patient’s rating of pain intensity, disability days (i.e., days being
kept from usual activities due to pain), and pain-related disability (i.e.,
interference of daily activities and work due to pain). In versions adapted
for children and adolescents (Huguet & Mirg, 2008; Konning, Rosenthal,

Brown, et al., 2021; Wager et al., 2013), absence from school is considered
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instead of workdays missed, and pain-related disability is assessed using
scales such as the Functional Disability Inventory (FDI; Walker & Greene,
1991).

However, Palermo and colleagues (Palermo et al.,, 2024)
determined that the GCPS was minimally validated in pediatric populations
and recommended using the Numerical Rating Scale (NRS), which is a
well-established and commonly used questionnaire for the assessment of
pain intensity in children and adolescents (Castarlenas et al., 2017). With
this measure, patients are asked to rate their pain intensity using a number
from O to 10 where 0 means no pain and 10 very much pain. However,
assessing chronic pain severity extends beyond quantifying pain intensity;
it also involves considering factors such as the frequency of pain
occurrences (Palermo et al., 2021).

Recognizing limitations in the original instrument's adaptation to
evolving definitions of chronic pain and high-impact chronic pain
(Dahlhamer et al., 2018; Deyo et al., 2014; Pitcher et al., 2019; Von Korff et
al., 2016), and the need for shorter pain metrics to reduce patient burden,
Von Korff and colleagues developed a revised, shorter version of the
instrument in 2020 (Von Korff et al., 2020). This revised version of the
GCPS (i.e., GPCS-R) uses five items to grade the severity chronic pain into
four grades: "chronic pain absent" (grade 0), "mild chronic pain" (grade 1),
"bothersome chronic pain" (grade 2), and "high-impact chronic pain" (grade
3) and has shown to be valid (Von Korff et al., 2020), hence lays the
groundwork for a new, comprehensive tool for assessing chronic pain

severity in youth.
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1.4.1.2. Pain Interference

Chronic pain can significantly disrupt the lives of children and
adolescents. For example, children and adolescents with chronic pain
report higher levels of physical disability than their healthy counterparts
(Huguet & Miré, 2008). This impairment extends to various domains of their
daily function, including their ability to attend school regularly (Groenewald
et al., 2020; Vervoort et al., 2014) and their participation in extracurricular
social, physical, and athletic activities (Palermo, 2000; Swain et al., 2016),
among others.

Assessing pain interference often involves utilizing various
measures tailored to capture its multidimensional nature. The Child Activity
Limitations Interview (CALI-9; Holley et al., 2018) has been recommended
to evaluate pain interference in pediatric pain patients. Other measures that
have proved good psychometric properties include the 8-item PROMIS
Pediatric Pain Interference (Varni et al., 2010), which has been widely used

in clinical and community samples (e.g., Noel et al., 2018; Solé et al., 2022).

1.4.1.3. Adverse events: Side Effects

Adverse events refer to undesirable symptoms or reactions
resulting from treatment, including pharmacological treatment. These
events include a spectrum of manifestations, ranging from mild discomfort
to more severe complications, contingent upon the specific intervention and
individual patient characteristics. Examples of such adverse events include
gastrointestinal disturbances like stomach upset or vomiting, sensations of

fatigue, dizziness, headaches, skin irritations, and alterations in mood or
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cognitive function. In the most severe cases, adverse events can even
result in death (Palermo et al., 2021).

Despite the importance of assessing adverse events, the
committee faced a challenge in identifying a suitable self-reported measure
for this domain and concluded that there is a lack of self-report tools to
assess adverse events comprehensively in children and adolescents with

chronic pain (Palermo et al., 2024).

1.4.2. Optional domains

1.4.2.1. Overall Well Being

The pervasive influence of pain interference on the daily lives of
children and adolescents with chronic pain profoundly diminishes their
overall quality of life and well-being. One of the firsts studies that
comprehensively assessed the multidimensional concept of quality of life of
children and adolescents with chronic pain, showed significant deficits
across psychological, social, functional, and physical domains in this
population (Hunfeld et al., 2001). Subsequent studies supported these
findings (Gold et al., 2009; Huguet & Mird, 2008), highlighting the enduring
challenges faced by children and adolescents individuals afflicted with
chronic pain.

The committee recommended the Patient Global Impression of
Change (PGIC; Dworkin et al., 2005; Guy, 1976) as the preferred
instrument for evaluating overall well-being in pediatric pain patients. Unlike
other measures such as the PedQL Generic Core (Varni et al., 2001) or the

PROMIS Pediatric Global Health (Forrest et al., 2014), which were found to
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overlap with other domains, PGIC offers a single-item patient rating of

overall treatment improvement.

1.4.2.2. Emotional Function: Anxiety and depressive symptoms

Children and adolescents with chronic pain often experience
mental health comorbidities. For example, studies have consistently shown
that children and adolescents with chronic pain experience anxiety and
depressive symptoms at significantly higher rates than those without
chronic pain (Blaauw et al., 2015; Bromberg et al., 2017; Soltani et al.,
2023; Tegethoff et al., 2015). Moreover, the prognosis for children and
adolescents with both pain and mental health problems/disorders is poorer
than that of youth who experience either condition alone (Sinclair et al.,
2016).

The recommended patient-reported measures to evaluate
emotional function based on the available evidence include the 10-item
Children’s Depression Inventory—Short Version (CDI-S; Kashikar-Zuck et
al., 2011) and those derived from the Pediatric Patient-Reported Outcomes
Measurement Information System (PROMIS): the PROMIS Pediatric
Depression 8a, PROMIS Pediatric Anxiety 8a (Irwin et al., 2010). The CDI-
S assesses depressive symptoms within the past two weeks, while the
PROMIS instruments evaluate depressive and anxiety symptoms over the
past 7 days. All of these instruments have shown good psychometric

properties (Allgaier et al., 2012; Caqueo-Urizar et al., 2014; Li et al., 2023).
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1.4.2.3. Physical function

Children and adolescents with chronic pain often face challenges
in physical function, including their ability to engage in daily activities,
school participation, and maintain overall physical well-being (Groenewald,
Tham, et al., 2020; Swain et al., 2016; Vervoort et al., 2014).

Although not considered the best option by the committee, the
Bath Adolescent Pain Questionnaire—Physical Functioning Scale
(Eccleston et al., 2005) was the instrument recommended for evaluating
overall well-being in pediatric pain patients (9 committee members voted
for the PROMIS physical activity as the best option, while just 3 voted for
the Bath questionnaire as the top option). Other measures that have proved
good psychometric properties include the 8-item PROMIS Pediatric Mobility
(Varni et al., 2014), which has been widely used for research and clinical

studies (e.g., Richardson et al., 2020).

1.4.2.4. Sleep disturbance

Sleep disturbances, including difficulties with falling asleep, staying
asleep, or experiencing non-restorative sleep, are highly prevalent among
children and adolescents with chronic pain, with more than 50%
experiencing such disturbances (Long et al., 2008; Palermo et al., 2011;
Palermo & Kiska, 2005).

The recommended patient-reported measures to evaluate sleep
disturbance based on the available evidence include the Adolescent Sleep
Wake Scale-Short Form (ASWS-SF; Sufrinko et al., 2015). The ASWS-SF

has 10 items that assess sleep patterns, including 3 subscales (i.e., Falling
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Asleep and Reinitiating Sleep, Returning to Wakefulness, and Going to
Bed), and has shown sufficient internal consistency and good known-
groups validity (Essner et al., 2015; Sufrinko et al., 2015). Other measures
that have proved good psychometric properties include the 8-item PROMIS
Pediatric Sleep Disturbance (Forrest et al., 2018), which has been widely
used in clinical and community samples (e.g., Jacobson et al., 2013; Solé

etal., 2022).

1.5. Management of chronic pain in children and

adolescents

Many children and adolescents with chronic pain seek care for their
pain, with up to 70% of them consulting healthcare providers (Kénning,
Rosenthal, Friese, et al., 2021). Timely intervention is crucial due to the
potential persistence and exacerbation of chronic pain (Grimby-Ekman et
al., 2018; Sillanpaa & Saarinen, 2017; Stanford et al., 2008). Moreover,
giving the intricate interplay of biological, psychological, and social
determinants of chronic pain (Liossi & Howard, 2016; Rajapakse et al.,
2014), effective treatment typically requires an interdisciplinary approach
(Hechler et al., 2015; Mir6 et al., 2017). However, despite this need, there
is limited availability of specialized pediatric pain programs (De La Vega &
Palermo, 2024), resulting in waiting lists averaging almost 200 days from
time of first referral to the new patient’s appointment (Palermo et al., 2019).
This delay often leads to patient deterioration, including escalating pain,

depression, and decreased health-related quality of life (Collett et al., 2010).

23



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS

Josep Roman Juan Introduction

1.5.1. The biopsychosocial approach to treatment

These interventions ideally encompass a broad spectrum of
modalities, including pain education, physical, psychological, and
pharmacological therapies (Dilini Rajapakse et al., 2014; Mir6 et al., 2017).

Pain education: Central to this paradigm is pain education, aimed
at bridging the gap between scientific insights into chronic pain and the
subjective experiences of afflicted children. Whether through educational
materials or interactive sessions, the primary objective is to dispel
misconceptions and empower children with a nuanced understanding of
pain mechanisms (Koechlin et al., 2020).

Physical therapy: Concurrently, physical interventions such as
physiotherapy, massage therapy, and innovative modalities like
Transcutaneous Electrical Nerve Stimulation and mirror box therapy
assume prominence for their rehabilitative potential and capacity to
counteract sedentary lifestyles (Dilini Rajapakse et al., 2014; Lynch-Jordan
et al., 2014). Arecent meta-analysis assessing the effectiveness of physical
therapy in alleviating pain and related outcomes revealed that physical
activity can lead to a moderate reduction in pain intensity and functional
disability post-treatment. However, uncertainties persist regarding the long-
term sustainability of these benefits. Conversely, physical therapies did not
show significant improvements in overall well-being and quality of life,
emotional function, or sleep. Furthermore, insufficient data exist regarding

adverse events associated with these therapies (Fisher et al., 2022).
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Psychological therapy: Psychological interventions for children and
adolescents with chronic pain have been developed with a focus on the
self-management of pain and related disability (Palermo, 2012). In addition,
psychological therapies are also available for parents of children and
adolescents with chronic pain, and play a pivotal role in supporting pediatric
chronic pain management. Psychological therapies targeted at parents of
children and adolescents with chronic pain include cognitive-behavioral
therapy, family therapy, motivational interviewing, multisystemic therapy,
and problem-solving therapy.

Several Cochrane Reviews confirm the effectiveness of
psychological therapies either for both children and adolescents with
chronic pain and their parents (Eccleston et al., 2016; Law et al., 2019).
Psychological interventions for pediatric chronic pain may include
relaxation, hypnosis, coping skills training, biofeedback, and cognitive
behavioral therapy, and have been proven to be effective in reducing pain
intensity and disability (Eccleston et al., 2016; Fisher et al., 2022). Similarly
to physical therapy, studies on psychological therapies did not reveal
significant improvements in overall well-being and quality of life, emotional
function, or sleep for children and adolescents with chronic pain, and it is
unclear whether they are associated with adverse events associated with
these therapies (Fisher et al., 2022). Psychological therapy may improve
parenting behavior (problem-solving therapy and cognitive-behavioral
therapy) and may also have beneficial effects on parent mental health (e.g.,

Problem-solving therapy; Law et al., 2019).
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Pharmacological therapy: Pharmacological interventions are
typically the first line of approach in pain management, involving the use of
analgesics, non-steroidal anti-inflammatory drugs, opioids,
anticonvulsants, and antidepressants. However, the effectiveness of pain
medications for pediatric chronic pain has not been consistently
demonstrated (Eccleston et al., 2019), although certain medications such
as anticonvulsants have shown efficacy in reducing pain intensity (Fisher et
al., 2022). Conversely, they have not demonstrated effectiveness in
improving emotional function, and there is insufficient data to support their
impact on functional disability, quality of life, and sleep disturbance (Fisher
et al., 2022). Moreover, adverse effects associated with the use of pain
medications include appendicitis, suicidal ideation, cholelithiasis, and major
depression (Fisher et al., 2022) with their long-term safety remaining
unclear (Cooper et al., 2017; Eccleston et al., 2017). Therefore, adequate
and appropriate use of pain medications in children and adolescents with
chronic pain is of utmost importance. Despite the lack of evidence,
analgesics are regularly prescribed to children and adolescents with
chronic pain (Walco et al., 2017), highlighting a significant gap in translating

research to clinical practice and patient care.

1.6. The Need for Epidemiological Research

Despite the high (and growing) prevalence of chronic pain in
children and adolescents, it continues to be largely unrecognized,
understudied, and undertreated (Eccleston et al., 2021). Epidemiological

research plays a crucial role in advancing our understanding of pediatric
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chronic pain (Croft et al., 2010). By investigating its prevalence across
different age and sociodemographic groups we gain insights into the
developmental trajectories of chronic pain (Jones & Botello, 2010) and can
tailor interventions and healthcare policies to address the specific needs of
vulnerable populations (e.g., females, immigrants). Furthermore, by
identifying the factors contributing to its observed increase over time (Roy
et al., 2022), tailored healthcare policies aimed at preventing chronic pain
at a community level can be designed and implemented.

Epidemiological research may also serve as an avenue for
developing new tools to measure pain-related outcomes (e.g., pain
severity), thereby improving the assessment of pain and related domains in
pediatric chronic pain patients. Additionally, it can offer valuable and
practical insights for improving current chronic pain management programs
by identifying factors associated with the worsening of the condition (e.g.,
pain interference). Finally, data from epidemiological studies can also be

used to help prevent negative or side effects associated to treatment.
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2. Objectives

The primary aim of this doctoral dissertation was to improve our
understanding of chronic pain, including high-impact chronic pain, among
children and adolescents, with a specific focus on its prevalence,
sociodemographic distribution, and impact. Additionally, the dissertation
seeks to identify key biopsychosocial factors contributing to the rising
prevalence of chronic pain in adolescents.

Furthermore, this doctoral dissertation aimed to enhance the
assessment of chronic pain in children and adolescents by adapting and
validating a new measure for assessing chronic pain severity. Finally, it
aimed to provide practical knowledge for the treatment of pediatric chronic
pain by examining the influence of several biopsychosocial factors on the
impact of chronic pain, the potential misuse of pain medication that could
lead to adverse events, the emotional functioning, and sleep of children and
adolescents with chronic pain. The specific objectives, as related to the

different studies involved, were as follows:

2.1. Objective 1

To study the prevalence of chronic pain and high-impact chronic
pain, as well as its correlates and distribution across different
sociodemographic characteristics, including sex, age, and immigration

background. This investigation is reported in Studies | and Il
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2.2. Objective 2

To study whether increases in (1) early menarche, (2) sedentary
screen-based behaviors and obesity, and (3) sleep disturbances and
psychological distress observed among European adolescents contributed
to the increase in the prevalence of chronic back pain over time in this

population. This is addressed in Studies IlI-V.

2.3. Objective 3

To translate, adapt, and study the concurrent validity of the revised
version of the Graded Chronic Pain Scale for its use with pediatric samples

(P-GCPS-R). This study is reported in Study VI.

2.4. Objective 4

To determine if fatigue underlies the co-occurrence and mutual
maintenance of sleep disturbance and pain intensity and pain interference
over time in children and adolescents with chronic pain. This research is

described in Study VII.

2.5. Objective 5

To examine the association between psychological factors and pain
medication use in adolescents with chronic pain. This study is shown in

Study VIII.
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2.6. Objective 6

To examine the influence of adverse childhood events (ACEs) on
emotional function in children and adolescents with chronic pain. This

research is shown in Study IX.
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3. Methods

This doctoral dissertation comprises nine studies. Six of these
studies (Studies | - Il and Studies VI - IX) used data from the EPIDOL project
and three studies (Studies Il - V) used data from The Health Behaviour in
School-aged Children (HBSC) study. The methods of each of the studies
are only briefly described in this section as they are described in detail in

each of the articles included in this dissertation.

3.1. Participants

Studies | - Il (Mir6 et al., 2023; Roman-Juan, Sanchez-Rodriguez
etal., 2024) and Studies VI —IX (Roman-Juan, Ceniza-Bordallo et al., 2024;
Roman-Juan, Solé, et al, 2023a, 2023b; Roman-Juan, Sanchez-
Rodriguez, et al., 2023), were conducted with a convenience sample of
children and adolescents participating in the EPIDOL project, a longitudinal
epidemiological study of pain in children and adolescents conducted by the
Chair in Pediatric Pain URV-FG and directed by Dr. Jordi Miro, the director
of this Doctoral dissertation. Data for studies lll - V (Roman-Juan et al.,
2022; Roman-Juan, Jensen, et al., 2023; Roman-Juan, Jensen, et al.,
2024) were extracted from 801,648 children and adolescents participating
in the HBSC study, a collaborative cross-sectional study facilitated by the

World Health Organization.
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3.2. Procedure and measures

The EPIDOL project underwent participant recruitment and follow-
ups once between 2018 and 2020 (pre-COVID) and once between 2022
and 2023 (post-COVID) of children and adolescents schools located in the
Camp de Tarragona, a region in the South East of Catalonia, Spain.
Participants were asked to provide sociodemographic information and
respond to a paper-and-pencil survey with questions about pain-related
characteristics and function. A more detailed explanation of the EPIDOL
project, the procedures implemented, and the measures recorded can be
found in the papers included in this dissertation (Mir6 et al., 2023; Roman-
Juan, Solé, et al., 2023a, 2023b; Roman-Juan, Sanchez-Rodriguez, et al.,
2023; Roman-Juan, Ceniza-Bordallo et al., 2024; Roman-Juan, Sanchez-
Rodriguez et al., 2024;).

The HBSC study is a repeated cross-sectional study that initiated
in 1983-1984 and collects data every 4 years from independent, nationally
representative samples of 11-, 13-, and 15-year-old school-aged children,
using multi-stage stratified random cluster sampling, with school classes or
schools as the sampling unit. Study participation is voluntary and
anonymous. Data collection is conducted through standardized self-
administered questionnaires with questions about health-related behaviors
in classroom settings. A more detailed explanation of the HBSC study and
the measures used can be found in the papers included in this dissertation
(Roman-Juan et al., 2022; Roman-Juan, Jensen, et al., 2023; Roman-Juan,

Jensen et al., 2024).
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4. Results

In this section, the nine studies included in the dissertation are
presented as published in the journals when possible. Studies 1ll and VII
are still under review.

e Study I. Mir6, J., Roman-Juan, J., Sanchez-Rodriguez, E., Solé, E.,
Castarlenas, E., & Jensen, M. P. (2023). Chronic pain and high
impact chronic pain in children and adolescents: a cross-sectional
study. The Journal of Pain, 24(5), 812-823.

e Study Il. Roman-Juan, J., Sanchez-Rodriguez, E., Solé, E.,
Castarlenas, E., Jensen, M. P., & Miro, J. (2024). Immigration
background as a risk factor of chronic pain and high-impact chronic
pain in children and adolescents living in Spain: differences as a
function of age. PAIN, 165(6), 1372-1379.

e Study lll. Roman-Juan, J., Jensen, M. P., & Mird, J. (2024) The
increase in early menarche is associated with the increase of
chronic back pain in female adolescents: The HBSC study 2002-
2014. Clinical Journal of Pain (under review).

e Study IV. Roman-Juan, J., Roy, R., Jensen, M. P., & Miro, J.
(2022). The explanatory role of sedentary screen time and obesity
in the increase of chronic back pain amongst European
adolescents: The HBSC study 2002-2014. European Journal of

Pain, 26(8), 1781-1789.
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e Study V. Roman-Juan, J., Jensen, M. P., & Mirg, J. (2024).
Increases in Sleep Difficulties and Psychological Symptoms are
Associated with the Increase of Chronic Back Pain in Adolescents:
The HBSC Study 2002 to 2018. The Journal of Pain, 25(2), 407-
417.

e Study VI. Roman-Juan, J., Solé, E., Sanchez-Rodriguez, E.,
Castarlenas, E., Jensen, M. P., & Miro, J. (2023b). Validation of the
pediatric version of the Graded Chronic Pain Scale Revised in
school-aged children and adolescents. PAIN, 164(11), 2606-2614.

e Study VI. Roman-Juan, J., Ceniza-Bordallo, G., Sanchez-
Rodriguez, E., Jensen, M. P., & Miro, J. (2024). Fatigue, sleep
disturbance, and pain interference in children and adolescents with
chronic pain: a longitudinal study. PAIN (under review).

e Study VIll. Roman-Juan, J., Sanchez-Rodriguez, E., Solé, E.,
Castarlenas, E., Jensen, M. P., & Miro, J. (2023). Psychological
factors and pain medication use in adolescents with chronic
pain. Pain Medicine, 24(10), 1183-1188.

e Study IX. Roman-Juan, J., Solé, E., Sanchez-Rodriguez, E.,
Castarlenas, E., Jensen, M. P., & Miro, J. (2023a). Adverse
childhood events and chronic pain in adolescents: the role of sleep

disturbance. Journal of pediatric psychology, 48(11), 931-939
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4.1. Study |

Chronic pain and high impact chronic pain in children and adolescents: a

cross-sectional study.
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ELSEVIER

Chronic Pain and High Impact Chronic Pain in Children R
and Adolescents: A Cross-Sectional Study

updates

Jordi Mird,* Josep Roman-Juan, *," Elisabet Sanchez-Rodriguez, *," Ester Solé, *,"
Elena Castarlenas,*," and Mark P. Jensen*

“Universitat Rovira i Virgili, 'Department of Psychology, URV, Institut d’Investigacié Sanitaria Pere Virgili, Universitat Rovira i
Virgili, Catalonia, Spain, *Department of Rehabilitation Medicine, University of Washington, Seattle, Washington

Abstract: The aims of this study were to: 1) estimate the prevalence of chronic pain (CP) and high
impact chronic pain (HICP) in a community sample of children and adolescents; and 2) compare groups
(those without CP, those with CP but no HICP, and those with HICP) with respect to demographic vari-
ables, pain variables, and physical, psychological, and school-related function. One thousand one
hundred and fifteen children and adolescents participated (56% girls; age: x = 11.67; SD = 2.47;
range = 8—18 years). The prevalence of CP and HICP was 46% and 5%, respectively, and was higher in
girls and increased with age. Participants with HICP reported greater pain intensity and higher pain
frequency than those with CP but no HICP. In addition, participants with HICP reported lower mobil-
ity, greater fatigue, worst sleep quality, more anxiety and depression symptoms, worst cognitive
function, missing more school days, and worse perceived school performance. HICP is a prevalent con-
dition in children and adolescents and is associated with many negative consequences. Stakeholders
must be aware of this and ensure that treatment programs are available to reduce the individual and
societal impact of HICP in young individuals.

Perspective: This article provides information on CP and HICP prevalence and impact in children
and adolescents. By better understanding the nature and score of these conditions, we will be able to
develop more effective early interventions to help this population and thereby reduce their long-
term negative impact.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of United States Association for the Study of
Pain, Inc. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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dren and adolescents,’® with negative conse-
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quences to the individual,'>?3?* the family,*® and
society.'® Recent studies have noted the rise in the prev-
alence of chronic pain over the past few decades. For
example, Roy and colleagues®' reported an overall
increase of 3% from 2001 to 2014 in the prevalence of
chronic back pain among adolescents, using data from
the Health Behavior in School-Aged Children study.”
Epidemiology research is key to understanding
chronic pain.? Understanding its prevalence in different
age groups helps to better appreciate developmental
trajectories,'® and epidemiological research identifying
the determinants of chronic pain can inform the devel-
opment of more effective interventions and improve
management.”® A number of studies have identified fac-
tors that are associated with chronic pain in children,
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including demographic (eg, female sex'’:), physical (eg,
pain extension'?;), psychosocial (eg, anxiety’®?";), and
school-related factors (eg, school performancezo).

Most epidemiology studies, however, report findings
as if the population of children with chronic pain was
homogenous. However, this is a heterogeneous group,
and individual differences may explain the extent and
impact of chronic pain.'*?® For example, treatment out-
comes have been shown to be associated to individual
differences.®® In addition, prior studies have mostly
defined chronic pain by its duration only (eg, as being
present for more than 3 months; cf.'®) or used a combi-
nation of duration and frequency (eg,”). However,
chronic pain does not affect individuals equally, and
these definitions of “chronic pain” do not take into con-
sideration its impact.®’

The concept of high impact chronic pain (HICP) has
been proposed to better identify individuals with sig-
nificant levels of life interference due to chronic
pain.® Moreover, individuals with HICP account for
the largest share of the economic costs of chronic
pain.”® There has been a call to study HICP in specific
populations, including children.>®> However, to the
best of our knowledge, no study has yet examined
the prevalence and correlates of HICP in children and
adolescents. Determining the prevalence of chronic
pain in general and HICP in particular in children and
adolescents can help define the special needs of
these populations, and therefore inform decisions
regarding resource allocation. In addition, most epi-
demiology studies with youth are conducted with
adolescents. Research that includes younger children
is also needed to apply a lifespan developmental per-
spective to the study and treatment of young individ-
uals with chronic pain.>’

Given these considerations, the objectives of the cur-
rent research were to: 1) estimate the prevalence of
chronic pain and HICP in a community sample of both
younger children and adolescents; and 2) compare the
subsamples within the study — specifically participants
who do not have chronic pain, those who have chronic
pain that is not high impact (No HICP), and who have
HICP — with respect to demographic, pain, and physical,
psychological, and school-related function variables.
Based on the prior studies conducted with adult sam-
ples,®” we hypothesized that: 1) participants with No
HICP would report worse functioning in all domains
compared to participants who do not have CP, and 2)
participants with HICP would report worse function in
all domains compared to participants who have chronic
pain that is not high impact.

Methods

Procedure

This is a cross-sectional analysis of data from the EPI-
DOL Project (which is a longitudinal epidemiological
study of pain in children and adolescents conducted in
the South East of Catalonia, Spain). Data for this study
were collected before the lockdown due to COVID-19.
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The ethics committee of the Universitat Rovira i Virgili
approved the study (Institut d’Investigacio Sanitaria
Pere Virgili; ref.: 136/2018). Current analysis, reported in
this article, used baseline data from the EPIDOL project
only.

Eleven schools were approached to participate; one
did not accept the invitation, reporting that the staff
did not have the time to participate. Schools were ran-
domly selected from all (nonspecial) schools in the
region. Study data were collected from children and
adolescents attending 4 primary schools, 3 secondary
schools, and 3 schools which both education levels in
Reus, Catalonia (Spain).

Following the acceptance of study participation by
the school boards, all parents of children aged from 8 to
18 attending these schools (N = 3,167) were mailed a let-
ter describing the project and asking them to provide
consent for their children to participate. Thirty-six per-
cent of these parents agreed (N = 1,142), and 35 percent
of the children (N = 1115) provided data and were
included in the analyses for this study. The children of
these parents were then asked to respond to a paper-
and-pencil survey during the school day, following
instructions provided by research staff. Of the total
school children included in the study, 12% (N = 136) did
not finish the questionnaire or skipped questions.

In order to participate, both the students and their
parents had to provide their assent and consent, respec-
tively. Participating students received a gym sack and a
calendar for their participation (approximate value = €3
each). In an effort to enroll as many interested partici-
pants as possible, we scheduled additional assessment
sessions for those that were absent at the first time of
data collection.

Measures

Demographic Information

The children who participated were asked to provide
information regarding their sex, age, and school grade.

Pain Characteristics: Pain Location, Pain
Extent, Frequency, and Intensity

The participants were asked to provide information
about the characteristics of any significant pain prob-
lem(s) they had experienced in the last 3 months, includ-
ing the pain(s)’ location(s), frequency, and intensity. We
used a pain site checklist to assess pain location. It
included 11 specific locations (ie, head, neck, chest,
shoulders, back, arms, hands, bottom/hips, belly/pelvis,
legs, and feet) and an “other” category. This pain site
checklist has been used in previous studies.®?®?’ Pain
extent was computed by summing all of the locations
with pain (possible range, 0—12). Pain frequency for
each pain problem was assessed using a 5-point Likert
scale (1 = “Every day,” 2 = “More than once a week,”
3 = “Once a week,” 4 = “Once or twice times per
month,” 5 = “Once in the last 3 months”). Finally, chil-
dren reported the usual (average) pain intensity in the
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last 7 days for each pain location, using a 0 to 10 Numer-
ical Rating Scale (NRS-11) where 0 = “No pain” and
10 = “Very much pain.” The NRS-11 has been shown to
provide reliable and valid scores when used with chil-
dren as young as 6 years old."

On the basis of current definitions®® and previous epi-
demiology studies,’’-2%%%>5% e defined chronic pain
as a pain that has lasted for at least 3 months and that
was present at least once a week during this 3-month
period. Using this definition in the current study
allowed us to be able to compare the results with other
highly cited studies (eg,”®). For descriptive purposes,
one primary pain location was chosen for each partici-
pant with chronic pain for purposes of describing pain
frequency and intensity. For those participants with
pain in only one site, their chronic pain location was
defined as the pain problem at this site. For those
reporting chronic pain at more than one site, the pri-
mary pain location was defined as that location associ-
ated with the highest reported average pain intensity.
Following Wager and colleagues’ procedures,”® when
participants reported the same pain intensity at more
than one site (n = 46 in the current study), or partici-
pants neglected to rate pain intensity at all of the pain
sites indicated (n = 68 in the current study), the partic-
ipant’s primary pain location was defined as that loca-
tion they indicated which had the highest prevalence in
the sample as a whole (ie, based on the following order
list of pain locations: headache, back pain, leg pain, feet
pain, belly/pelvis pain, neck pain, shoulder pain, arm
pain, “other” pain, chest pain, hand pain and abdomi-
nal pain and bottom/hips, respectively; for example, if a
participant rated leg pain and chest pain as having the
same pain intensity, that participant’s primary pain was
defined as being leg pain, because leg pain is more com-
mon than chest pain in the sample as a whole).

Pain-Related Interference

We used the Spanish version of the 8-item Pediatric
Patient-Reported Outcomes Measurement Information
System (PROMIS) Pain Interference scale v2.0 (PROMIS-
PI°';) to assess pain interference. With the PROMIS-PI,
respondents are asked to rate how often pain has inter-
fered with 4 activities during the last 7 days using a 5-
point Likert scale (1= “Never,” 2="Almost never,”
3="Sometimes,” 4="0Often,” and 5="Almost always").
Sample items include “It was hard for me to walk one
block I had pain” and "It was hard for me to pay atten-
tion when | had pain.” In order to obtain pain interfer-
ence scores, the participants’ ratings for each item were
summed and this total sum was transformed to a T-
score. Higher scores reflect higher pain interference.
The pediatric form of the PROMIS-PI has been shown to
provide valid and reliable data of pain interference in
children and adolescents.”® In this sample, the
Cronbach’s alpha was good (« = .86).

Based on the participants’ reports of having chronic
pain or not, as well as their level of pain interference for
those who did have chronic pain, we classified the sam-
ple into 3 groups: 1) those without chronic pain (No CP);

A Cross-Sectional Study

2) those with chronic pain but not with HICP (No HICP);
and (3) those with HICP. The definition of HICP that was
used in this study is based on the one published by von
Korff and colleagues, which defines HICP as pain limit-
ing life or work activities most or every day in the previ-
ous 3 months.>* The labels given to PROMIS Pain
Interference Scale score ranges are as follows: 0 to
49.9 = “pain interference within normal limits”; 50 to
54.9 = “mild pain interference”; 55 to 64.9 = “moderate
pain interference”; and 65 to 100 = “severe pain inter-
ference”.>? In this study, participants were classified as
having HICP if they had both CP and a PROMIS Pain
Interference Scale T-score > 65 (ie, >1.5 SD units). Those
with CP with PROMIS-PI scales <65 were classified as
being into the No HICP group. Those without CP were
put into the No CP group.

Physical Function

Participants were asked to respond to measures
assessing mobility, fatigue, and sleep quality. We used
the Spanish version of the 4-item physical function-
mobility from the Pediatric-25 Profile Form v.2 (PROMIS-
PF-M>%%;) to assess mobility. With this scale, respondents
are asked to indicate how able they were to perform 4
activities during the last 7 days using a 5-point Likert
scale (1 = “Not able to do,” 2 = “With a lot of trouble,”
3 = “With some trouble,” 4 = “With a little trouble,”
and 5 = “With no trouble”). Sample items include “I
could do sports and exercise that other kids my age
could do” and “I could walk up stairs without holding
on to anything.” Responses were summed and trans-
formed to T-scores. Higher scores reflect being better
able to be mobile. Evidence supports the reliability and
validity of the pediatric form of the PROMIS-PF-M in
children and adolescents.”® In the current sample, the
Cronbach’s alpha was acceptable (o = .79).

We used the Spanish version of the 4-item fatigue
short form from the PROMIS Pediatric-25 Profile Form v.2
(PROMIS-F%) to assess fatigue. With the PROMIS-F,
respondents are asked to rate how often they experience
each fatigue response in the last 7 days using a 5-point
Likert scale (1 = “Never,” 2 = "Almost never,”
3 = “Sometimes,” 4 = "Often,” and 5 = “Almost always”).
Sample items include “Being tired made it hard for me to
keep up with my schoolwork” and “I was too tired to
enjoy the things | like to do.” In order to obtain fatigue
scores, responses were summed and transformed to T-
scores. Higher scores in the PROMIS-F reflect greater
fatigue. Previous research supports the reliability and
validity of the PROMIS-F items provide for assessing
fatigue in children and adolescents.*® In this sample, the
Cronbach’s alpha was borderline acceptable (« = .68).

We used the Spanish version of 5 sleep disturbance
items of the item Bank v1.0 of the PROMIS®®) to assess
sleep quality. The PROMIS Sleep Disturbance scale
(PROMIS-SD) contains items that assess a variety of sleep
quality indicators, and scores from this scale have been
shown to provide valid and reliable information about
sleep quality when used with young individuals.""'*
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With this scale, respondents are asked to indicate the
frequency with which they experienced each sleep prob-
lem indicator during the last 7 days using a 5-point Lik-

ert scale (1 = “Never,” 2 = "Almost never,”
3 = “Sometimes,” 4 = "Often,” and 5 = "Almost
always”). Sample items include “My sleep was

refreshing” and “I had a problem with my sleep.” In
order to obtain sleep disturbance scores, responses were
summed and transformed to T-scores. Higher scores in
the PROMIS-SD reflect greater sleep disturbance. The
internal consistency of the measure in the current sam-
ple was good (« = .80).

Psychological Function

Participants were asked to respond to measures of
cognitive function, anxiety, and depressive symptoms.
We used the Spanish version of the 7-item PROMIS pedi-
atric cognitive function short form v1.0 (PROMIS-CF®°%)
to assess cognitive function. With this scale, respondents
are asked to indicate how often they had experienced
problems with 7 different cognitive function domains
during the last 4 weeks using a 5-point Likert scale
(1 ="All the time,” 2 = “Most of the time,” 3 = “Some of
the time,” 4 = “A little of the time,” and 5 = “None of
the time”). Sample items include “I have to read things
several times to understand them” and “I have trouble
keeping track of what | am doing if | get interrupted.”
In order to obtain cognitive function scores, the partic-
ipants’ responses were summed and transformed to T-
scores. Higher scores reflect better cognitive function.
Research supports the reliability and validity of the
scores of the pediatric form of the PROMIS-CF.*° In this
sample, the Cronbach’s alpha was good (« = .83).

Anxiety was assessed using the Spanish version of the
anxiety subscale of the PROMIS Pediatric-25 Profile Form
v2.0.°% With the PROMIS-A, respondents are asked to rate
the frequency with which they experienced 4 anxiety
symptoms in the last 7 days using a 5-point Likert scale
(1 = “Never,” 2 = "Almost never,” 3 = "“Sometimes,”
4 = "Often,” and 5 = “Almost always”). Sample items
include “I felt something awful might happen” and “I
felt nervous.” Responses to the PROMIS-A items were
summed and transformed to T-scores. Higher scores
reflect more frequent anxiety symptoms. The Pediatric-25
Profile Form scales have been shown to be able to report
reliable and valid scores of anxiety symptoms.®® In this
sample, the Cronbach’s alpha indicated good internal
consistency (« = .85).

Depressive symptom severity was assessed using the
Spanish version of the Depressive Symptoms subscale of
the PROMIS Pediatric-25 Profile Form v2.0 (PROMIS-
DS°%). With this measure, respondents are asked to rate
the frequency with which they experienced 4 depressive
symptoms in the last 7 days using a 5-point Likert scale
(1 = “Never,” 2 = "Almost never,” 3 = “Sometimes,”
4 = "Often,” and 5 = “Almost always”). Sample items
include “I felt everything in my life went wrong” and
“It was hard for me to have fun.” In order to obtain
PROMIS-DS scores, the participants’ responses were
summed and transformed to T-scores. Higher scores
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reflect greater depressive symptoms. The Pediatric-25
Profile Form scales have been shown to be able to
report reliable and valid scores depressive symptoms.>®
In this sample, the Cronbach’s alpha for the PROMIS-DS
was good (« = .83).

School Function

Participants were asked to respond to 2 different and
independent questions related to 1) the number of
missed days due to pain in the previous 3 months, and
2) perceived school performance relative to other class-
mates. In response to the question about the number of
missed days due to pain, participants were asked to
report: 1) the total number of full/complete days missed,
and 2) total number of partial/non-complete days
missed in the past 3 months. The sum of both scores was
the score used in the analysis. In relation to perceived
school performance, participants were asked to respond
to the following question “Compared to the majority of
your classmates, what is your academic performance
like?” using a 5-point Likert scale (1 = “Much worse,”
2 = "Worse,” 3 = "Equal,” 4 = “Better,” and 5 = “Much
better”). The responses to each question were examined
separately in the data analyses.

Data Analyses

We first computed percentages, means, and standard
deviations of the sociodemographic and study variables
to describe the sample. Chi-Square tests and t-tests were
conducted to compare sex and age differences on pain
locations respectively for the whole sample. Next, we
computed the number and rates of individuals in each
of the 3 study groups (No CP, No HICP, and HICP) in the
sample. We then compared the three study groups (ie,
No CP, No HICP, and HICP) with respect to demographic
and physical-, psychological-, social-, and school-related
characteristics. For continuous variables (ie, age, physi-
cal function-mobility, fatigue, sleep disturbance, cogni-
tive function, anxiety, depression, and pain-related
school absence), we used Univariate Analyses of Vari-
ance (ANOVA); for nominal variables (ie, sex), we used
Chi-Square tests; and for ordinal variables (ie, perceived
school performance), we used Kruskal-Wallis tests. Bon-
ferroni-adjusted post hoc tests were conducted to iden-
tify differences between the study groups. We then
compared the CP and the HICP groups with respect to
pain-related characteristics. For continuous variables (ie,
pain intensity and pain extension), we used univariate t-
tests; for nominal variables (ie, pain location), we used
Chi-Square tests; and for ordinal variables (ie, pain fre-
quency), we used Kruskal-Wallis tests. Pairwise deletion
was used to handle missing values.

Effect sizes were reported using the Cramér’s V (inter-
pretation depending on degrees of freedom according
to Cohen)’ for the Chi-Square tests; the partial >
(Cohen, 1988) for ANOVAs (small effect: nzp = 0.01,
medium effect: 7%, = 0.06; large effect: 1%, = 0.14); the
& (small effect: € =0.01, medium effect: & = 0.06; large
effect: £ = 0.14) ¥’ for the Kruskal-Wallis tests; and the
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Cohen’s d (small effect: d = 0.2; medium effect: d = 0.6;

large effect: d = 0.8)7 for univariate t-tests. A 2-tailed  Table 2. Descriptive Statistics for Pain-Related
significance level of P < .05 was defined as statistically ~ Characteristics of Participating Children and
significant. Data analyses were conducted using SPSS Adolescents (n = 1,115)

version 28.01 (IBM, Armonk, NY, USA), and STATA 14 VariasLE (RANGE) N %  Mean  SD
(Stata Corp., Texas, USA).

Pain prevalence

Pain in the past 3 months* 989 89
Pain location
Results Head 593 53
Py Neck 288 26
Sample Characteristics Chest 141 13
Table 1 provides a summary of the characteristics of Shoulders 186 17
the participants. The sample included a higher number Back 358 32
of girls (n = 630; 56%) than boys (n = 485; 44%). The Arms 169 15
mean age of the participants was 11.67 years (SD = 2.47; Hands 151 14
range = 8—18). This sample was a healthy sample for the Bottom/Hips 8 8
o . . . Belly/Pelvis 402 36
most part (only 27% reported having an illness in the Legs 38 3
previous 3 months). Fegt 295 26
Most of the participants (89%; see Table 2) reported Other 102 9
having experienced pain in the past three months of Pain extent (0—12) 280 224
responding to the survey, and 57% of these reported 0 126 11
that they missed school due to pain problems (mean 1 225 20
number of full days missed = 3.54, SD = 3.57; mean num- 2 257 23
ber of partial days missed = 2.52, SD = 2.56). Also, a sub- 3 167 15
stantial subset of participants reported having 24 340 30
Chronic pain (>weekly pain for >3 510 46
months)
Table 1. Descriptive Statistics for Demographic, Chronic pain location
Physical, Psychosocial, and School-Related Head 201 18
Characteristics of Participating Children and gﬁce'; 1% Z
Adolescents (n = 1,115) Shoulders! e 7
VARrIABLE (RANGE N % Mean SD Back 180 16
Arms* 48 4
Sex Hands** 42 4
Female 630 56 Bottom/hips” 23 2
Male 485 44 Belly/Pelvis' 106 10
Age* (8—18) 1,114 11.67 2.47 Legs' 122 11
Physical function Feet™ 13 10
Mobility’ (20—80) 1,076 4849  9.04 Other™* 46 4
Fatigue® (20—80) 1,071 49.88 10.93 Chronic pain extent (0-12) 1.03 149
Sleep quality” (20—80) 1,065 49.64 9.45 0! 605 54
Psychological function 1 221 20
Cognitive function” (20—80) 1,057 48.75 7.59 2 129 12
Anxiety’ (20—80) 1,071 5249  11.46 3 82 7
Depression' (20—80) 1,075 51.02  10.79 >4 78 7
Perceived School performance* Pain-related school absence'" (n = 989)
Much worse 29 3 No absence 288 29
Worse 102 9 Absence 565 57
Equal an 42 Full days®! 464 47 354 357
Better 326 29 Partial days*** 426 43 2.51 2.56
Much better 122 M Chronic pain characteristics (n = 510)
) Most intense chronic pain location
Note: Range for age is actual range in the sample, whereas Ranges for the d 132 26
measures represent possible ranges for each variable. Pain intensity reports Hea
average pain intensity. The numbers in "n" vary among variables due to the Neck 22 4
number of missing information in each case Chest 14 3
*n=1,114 (missing = 1).
n = 1,076 (missing = 39). Shoulders 23 5
n = 1,071 (missing = 44). Back 90 18
§n = 1,065 (missing = 50). Arms 14 3
#n=1,057 (missing = 58).
lin = 1,075 (missing = 40). Hands . 7 !
¥n = 853 (missing = 136). Bottom/hips 3 1
**n = 882 (missing = 107). Belly/Pelvis 59 12
ttn =881 (missing = 108). Legs 65 13

ftn = 1,050 (missing = 65).
(continued on next page)
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Table 2. Continued

VariaBLE (RANGE) N %  Mean  SD

Feet 56 11
Other 25 5

Pain frequency
Once a week 130 25
More than once a week 233 46
Every day 147 29

Pain intensity-Average in the past 7 442 6.06 2.37

days''" (0-10)
Pain interference*™ (20-80) 483 53.58 9.04

*Forty-seven participants reported pain but did not report the frequency and/or
duration, thus could not be determined if the pain was or not chronic.

tIncludes the 47 participants that reported pain in the previous 3 months but
did not provide additional information to classify the pain as chronic. The num-
bers in “n" vary among variables due to the number of missing information in
each case.
in=1,094
§n=1,100

missing = 21).
missing = 15).
#n=1,109 (missing = 6).
lIn=1,108 (missing = 7).
n =1,098 (missing = 17).
**n = 1,003 (missing = 12).
ttn = 1,095 (missing = 20).
ttn = 1,099 (missing = 16).
§§n = 1,096 (missing = 19).
##n=1,110 (missing = 5).
Ilin = 853 (missing = 136).
99n = 882 (missing = 107).
***n =881 (missing = 108).
T1in = 442 (missing = 68).
t1in = 483 (missing = 27).

experienced pain (any type of pain, including chronic
pain) in the past 3 months at more than one site
(n = 764; 68%). The most frequent locations were the
head (53%), the belly/pelvis (36%), the back and legs
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with the same percentage (32%); less common pain
locations were the chest (13%) and the bottom/hips
(8%). Girls reported pain in the head, neck, chest, back,
bottom/hips, and belly/pelvis more frequently than
boys. Boys reported pain in the legs more frequently
than girls (see Supplementary Table 1).

The analyses indicated that there were age differen-
ces with respect to pain locations, such that participants
who reported pain in the head, neck, chest, shoulders,
back, arms, hands, bottom/hips, belly/pelvis, legs, and
feet were significantly older than those that did not
report pain in those locations (see Supplementary Table
2). The sample had fewer children (n = 247; 22%) than
adolescents (n = 868; 78%; the World Health Organiza-
tion defines adolescence as the phase of life that goes
from 10 to 19 years old, see https://www.who.int/
health-topics/adolescent-health#tab=tab_1). Sixty-four
percent of children (n = 159) did not report chronic
pain, 19% (n = 48) reported no HICP, and 3% (n = 7)
reported HICP. With respect to the adolescent subsam-
ple, 46% (n = 399) did not report chronic pain, 44%
(n = 383) reported no HICP, and 5% (n = 45) reported
HICP. Given the very small sample size of children with
HICP (n = 7) compared to the sample size of adolescents
with HICP (n = 45), we compared the prevalence of
chronic pain status (ie, No CP, No HICP, and HICP) in the
sample as a whole, collapsed across age group.

Prevalence of Chronic Pain

Regardless of the impact, the prevalence of chronic
pain (ie, pain that lasted for at least three months and
was present at least once a week) in any location was

Table 3. Pain-related Characteristics of Participants in the High Impact Chronic Pain (HICP) Group
Compared With Participants in the Chronic Pain that is not High Impact (No HICP)Group

No HICP (N = 431)

HICP (N = 52)

CP CHARACTERISTICS N % WitHin SussampLe M (SD) N % WirHin SussampLe M (SD) CPvs HICP P (EFrecT Size)
Most intense chronic pain location 431 52 X211y=9.93  .536(0.14)
Head 26 31
Neck 4 4
Chest 2 8
Shoulders 4 6
Back 18 15
Arms 3 0
Hands 2 0
Bottom/hips 1 0
Belly/Pelvis 11 12
Legs 13 10
Feet 11 13
Other 5 2
Pain extent 431 2.12(1.44) 52 2.52(1.70) twus=-1.82 .069(-0.26)
Pain Frequency 431 52 sz =10.59 .001(0.02)
Once a week 27 10
More than once a week 46 46
Every day 27 44
Pain Intensity 366* 5.82(2.35) 49 7.39(2.08) t413=-4.43 <.001(-0.67)

Note: The numbers in “n” vary among variables due to the number of missing information in each case

*n = 366 (missing = 65).
n = 46 (missing = 6).
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high (n = 510; 46%). The head was the most common
location, experienced by 18% of the sample, followed
by the back (16%) and the legs (11%), whereas the arms
(4%), chest (4%), hands (4%), and bottom/hips (2%)
were the less frequently locations reported.

High Impact Chronic Pain

With the definition of HICP used in this study, the
prevalence of HICP in the sample was 5%. The preva-
lence of HICP was higher for girls than for boys (8% vs
2%, X%3) = 19.76, P < .001) and participants with HICP
were significantly older than those without HICP
(mean = 12.46, SD = 2.75 vs mean = 11.70, SD = 2.45,
t(1’038) = 216, P= 031)

The locations of reported HICP were diverse. How-
ever, the most frequent locations were the head (31%),
back (15%), and lower extremities (legs: 15%; feet:
14%). There were no significant differences in locations
between girls and boys but there were differences
related to age. In this sample, participants reporting
pain in the head were older (mean = 13.56 years,
SD = 2.73 vs mean = 11.59 years, SD = 2.49, T(sqy = 2.73,
P = .009) and participants reporting pain in the feet
were younger (mean = 10.87 years, SD = 1.86 vs
mean = 13.16 years, SD = 2.81, tso) = -2.97, P = .004).
Pain extent (ie, the number of locations with chronic
pain) was 2.52 (SD = 1.70) and most participants (n = 32;
62%) reported multi-site chronic pain. However, there
were no differences in pain extent between participants
in the HICP and No HICP group (see Table 3).

Participants in the HICP group reported greater pain
intensity (mean = 7.39; SD = 2.08) and a higher pain fre-
quency (eg, almost half of them reported experiencing
pain every day), than those in the No HICP group (see
Table 3). In addition, participants in the HICP group
reported worse physical function (ie, lower mobility,
greater fatigue, and worst sleep quality), and psycho-
logical function (ie, more anxiety and depression symp-
toms, and worst cognitive function) than those in the
No CP group (see Table 4). The data also showed signifi-
cant differences in relation to school-related character-
istics; that is, those with HICP reported missing more
school days and worse perceived school performance
than those in the No CP and the No HICP groups. Partici-
pants in the HICP group also reported worse perceived
school performance than those in the No CP group,
although no differences were found between the HICP
and No HICP groups (see Table 4).

Discussion

The aims of this study were to estimate the prevalence
of CP and HICP in a community sample of children and
adolescents, and compare individuals in the 3 groups
(ie, No CP, No HICP, and HICP) with respect to their
demographic, pain, and physical, psychological, and
school-related function. Four key findings emerged.
First, the prevalence of CP in this community sample of
children and adolescents was high (46%), in line with
findings reported in other studies of children like this

A Cross-Sectional Study

sample.'>>? However, in this study the prevalence of CP
was higher than the one found in a study that we con-
ducted 15 years ago in the same region with a similar
sample of participants (37%'’;). There are a number of
potential explanations for these differences, which are
not mutually exclusive. First, although the samples were
for the most part similar, there is a slight age-related dif-
ference between the samples (ie, the current sample
had a larger age range: 8—18 years old, whereas in the
previous study the age range was 8 to 16 years old, and
research has shown that chronic pain prevalence
increases with age.** In addition, the two samples might
be different in other ways that we could not evaluate
here. Second, we used different procedures for data col-
lection for the two studies. In our previous study (ie,"”)
the information was collected using individual inter-
views. In the current study, we used a written survey. A
recent meta-analysis*® showed that collecting data with
an interview method is associated to lower CP preva-
lence rates than data collected via questionnaires. It is
also possible that the differences in prevalence rates
found between the 2 studies might be associated with
an actual increase in the rates of CP over time. Such a
possibility would be consistent with recent findings*'
showing an increase in the prevalence of chronic back
pain among adolescents in a study with samples from 33
countries and/or regions. Studies using children and
adolescents from additional populations are needed to
confirm whether the prevalence of CP in children is
increasing in Spain and other locations. Moreover,
research to study the factors responsible for such
increases, if they are present, is also warranted.® Partic-
ularly, research should seek to identify the modifiable
factors that may be responsible for the increase in CP
prevalence, as such findings could inform the develop-
ment of strategies that could reduce the prevalence of
CP. Research has shown that as pain becomes chronic, it
becomes increasingly difficult to treat, and CP has long-
term effects on children and adolescents. For example,
in a study with a cohort of pediatric patients with func-
tional abdominal pain that was followed for 15 years,
the data showed that 35% of the patients continued to
experience abdominal pain into adulthood, and showed
an increased risk for depression and anxiety.’® Thus, it is
important to implement effective treatment as soon as
possible to help improve life course trajectories for
these individuals.

A second key finding is that the prevalence of HICP
was also found to be high, relative to the prevalence
found in other studies. The 5% rate we found here is
higher, for example, than the 1% to 2% prevalence
reported in estimations of children in the highest
level of chronic pain-related disability reported in
previous studies, including a study conducted with a
sample with similar characteristics and from the same
region,'”?° but similar to other studies with samples
of children (see®®). The same potential explanations
for the differences found between studies apply.
Nevertheless, the findings suggest that not only
might CP be increasing in frequency, but the most
severe cases may also be growing. If this were a
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Table 4. Demographic, Physical, Psychological, and School-Related Characteristics of Participants in the High Impact Chronic Pain (HICP)
Group Compared with Participants in the Chronic Pain (CP) and the Chronic Pain that is not High Impact (No HICP) Groups (n = 1,041)

No CP (N = 558; 54%) No HICP (N =431; 41%)

HICP (N = 52; 5%)

CHARACTERISTICS N % Witiin - M (SD) N % Witiin M (SD) N % Witin - M (SD) CriSquare Test P (Errect Size) - Post Hoc
SussampLE SussAmPLE SuBsAMPLE CompARISONS*
Demographics
Sex [IX%;=29.46  <.001(0.17)
Female 284 49 262 61 45 87 No CP < No HICP < HICP
Male 274 51 169 39 7 13 No CP > No HICP > HICP
One-way ANOVA P (effect size) ~ Post Hoc Comparisons
Age in years 557! 11.03(2.27) 431 12.57 (2.41) 52 12.46 (2.75)  Fpi037=54.92 <.001(0.09) No CP < NoHICP, HICP
Physical function
Mobility 537" 49.06(9.08) 423 48.63(8.44) 51" 41.90(10.60)  F2,1008=15.13  <.001(0.03) No CP, No HICP > HICP
Fatigue 531" 47.26(10.73) 425" 51.37(9.97) 52 63.27(9.63)  F1002=64.72 <.001(0.11) No CP <No HICP <HICP
Sleep quality 529%* 47.78(9.15) 423 50.93 (8.99) 52 58.57(10.26) Fp,1001=39.92 <.001(0.07) No CP < No HICP < HICP
Psychological function
Cognitive function 524" 50.17(7.20)  422° 47.90 (7.34) 52 42.56 (7.76) Fi2,005 = 31.54 <.001(0.06) No CP> No HICP > HICP
Anxiety 532 49.61(10.42) 424" 54.53(11.03) 51" 65.56(12.27)  Fp,1004=64.05 <.001(0.11) No CP < No HICP < HICP
Depressive symptom severity 532 47.78(9.28) 427" 53.54(10.71) 52 63.61(11.56) F(,1008y=82.15 <.001(0.14) No CP <No HICP < HICP
School function
Number of days of pain-related school absence 369" 2.33(3.65) 383%** 3.08(3.95) 6.09(7.53) Fi2,044y=20.63  <.001(0.04) No CP < No HICP <HICP
Kruskal Wallis test P (effect size) ~ Post Hoc Comparisons*
Perceived school performance 517 418 X% =10.42 005 (0.01)
Much worse 1 4 10 No CP < No HICP, HICP
Worse 6 1 17 No CP < No HICP, HICP
Equal 44 40 40 n.s.
Better 30 30 19 ns.
Much better " 1 10 ns.

*shows the order of groups in each comparison; The numbers in “n” vary among variables due to the number of missing information in each case.
n =557 (missing = 1).

n =537 (missing = 21)

§n =423 (missing = 8).

#n =51 (missing = 1),

In = 531 (missing = 7).

9n = 425 (missing = 6)

529 (missing = 29,

10 = 524 (missin
+1n =422 (missin
§6n = 532 (missin

llin = 427 (missing
€9n = 369 (missing = 63).
***n = 383 (missing = 48).
11in = 46 (missing = 6)

11in =517 (missing = 41)
§86n = 418 (missing = 13)
###n = 50 (missing = 2).
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reliable finding, it would mean, a call to action to
address and reduce the individual and societal impact
of No HICP and HICP in children and adolescents
should be issued. A regional or national chronic pain
strategy would require the participation of all stake-
holders and the inclusion of different actions, includ-
ing but not limited to increasing the number of
specialized treatment programs,®' improving the
training of primary healthcare professionals,*® and
taking advantage of the digital tools (eg, mobile
applications) which have already shown that can
facilitate access to health care (eg,”*?).

A third key finding from this study is that there were
differences in HICP related to sex and age, in that HICP
prevalence was higher in girls than boys, and that the
age of those with HICP was significantly higher than in
those with CP. Furthermore, in this study, 60% of the
participants with HICP reported chronic pain in at least
2 sites, and 25% reporting 4 or more sites. This finding is
consistent with research showing that multisite pain is
more prevalent than single site pain in individuals with
CP regardless of the impact.'6-3>36:46

Epidemiology studies have also shown that being
female is a risk factor for a large variety of CP condi-
tions.** Research should study the factors that are associ-
ated with the higher prevalence of CP among girls. It has
not yet been determined if there are CP treatments that
may be better suited for girls and women than for boys
and men. However, there is an evidence of different prac-
tices and treatments used with women and men. For
example, a study with adults, found that female patients
were more likely to receive a larger variety of pain treat-
ments than male patients, including both contraindi-
cated and recommended polypharmacy.®*

The fourth key study finding — perhaps not surprising
— is that participants with HICP were severely impacted
in all studied domains. Specifically, participants with
HICP reported higher levels of physical (ie, fatigue and
sleep disturbance), psychological (ie, greater symptoms
of anxiety and depression, and worst cognitive func-
tion), and school (ie, were less able to attend school due
to pain) dysfunction than those with no CP and No
HICP. There is mounting evidence showing the deterio-
rating effects of CP on young individuals’ general health
and well—being,*® which may negatively influence their
physical, psychological, and social development. This
finding has also practical implications. Importantly, that
treatments for children and adolescents with CP should
be multidisciplinary,®® and address the whole person
rather than to the CP problem alone. Different treat-
ments have been shown to help improve young individ-
uals with CP."%2°33 However, one of the limitations in
relation to treatment for this population has been the
tendency to treat all individuals with CP with essentially
the same treatment program. As noted previously,
research has shown that individuals with CP are not
equal. Therefore, those individuals should be treated
differently, based on their characteristics and needs.

The study has a number of limitations that should be
considered when interpreting the findings. First, this was
a cross-sectional study. Therefore, it precludes any

A Cross-Sectional Study

conclusions regarding causative factors, including those
that may impact the development of HICP. Longitudinal
studies to determine what factors might be associated
with both the development and resolution of CP in this
population is warranted. Second, the data for this study
were collected from a convenience sample of children
and adolescents and only 36% of parents approached
consented to have their children participate. Also,
although we put a great deal of effort to locate students
whose parents agreed they could participate in the study,
but who were not present the day of the data collection
at school, we were not able to locate them all. That said,
if this did bias the sample, it would seem likely that the
prevalence of HICP could be even higher than estimated
here, as individuals with HICP are the ones that are more
severely affected in their function and tend to miss school
more days. Similarly, characteristics of the parents (eg,
education, general health) that have been found to be
associated to CP, are an additional source of potential
bias, which could have affected (self-)selection into the
study. Measures of these potential biasing factors should
be included in future studies. In addition, although the
definition of CP used for this study has been successfully
used in previous studies (eg,"), it is not the only classifica-
tion system that could be used. Some studies in adults, for
example, use a more conservative threshold for CP (eg, CP
defined as pain that is present most day or every day;
eg,s). Researchers should carefully consider which defini-
tion to use, and base their decision on the aims of the
study, recognizing that the definition will ultimately
impact the rates of CP found in any one sample. More-
over, although we used validated measures they covered
different time spans. We cannot be certain if and how
these differences have impacted the findings. This poten-
tial problem is very common in the pain research litera-
ture (see’®). Therefore, it would be recommendable that
researchers seek to use measures that cover the same time
periods whenever possible. Finally, we were not able to
compare children and adolescents groups with respect to
HICP because of the small number of individuals who met
criteria for HICP in the children group (n = 7). Future stud-
ies with larger sample sizes are needed.

Despite these limitations, this study provides new valu-
able information that improves our understanding of the
prevalence of chronic pain and HICP in children and ado-
lescents, as well as of the associations between chronic
pain and children’s physical, psychological, and school-
related function. These findings can now be used by
stakeholders interested in improving the quality of life of
this population, as it provides important information
about the overall need of this population of children who
bear a great burden of pain. By understanding the factors
that are associated with these conditions, researchers and
clinicians will be able to develop more effective early
interventions to help better this population.

Supplementary data

Supplementary data related to this article can be
found at https://doi.org/10.1016/j.jpain.2022.12.007.
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pain and high-impact chronic pain in children and
adolescents living in Spain: differences as

a function of age
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Abstract \

The number of people immigrating from one country to another is increasing worldwide. Research has shown that immigration
background is associated with chronic pain (CP) and pain disability in adults. However, research in this issue in children and
adolescents has yielded inconsistent results. The aims of this study were to examine (1) the association between immigration
background, CP, high-impact chronic pain (HICP) in a community sample of children and adolescents; and (2) the extent these
associations differed as a function of sex and age. Participants of this cross-sectional study were 1115 school children and
adolescents (mean age = 11.67; 56% girls). Participants were asked to provide sociodemographic information and respond to
a survey including measures of pain (location, extension, frequency, intensity, and interference). Results showed that having an
immigration background was associated with a greater prevalence of CP (OR = 1.91, p <.001) and HICP (OR = 2.55, p <. 01).
Furthermore, the association between immigration background and CP was higher in children (OR = 6.92, p <.001) and younger
adolescents (OR = 1.66, p <.05) than in older adolescents. Children and adolescents with an immigration background are at higher
risk for having CP -especially younger children- and HICP. More resources should be allocated in the prevention of CP and HICP in
children and adolescents with an immigration background.
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1. Introduction background to be positively associated with recurrent head-
aches and abdominal pain in adolescents.?® Two other studies
found lower rates of recurrent pain in children and adolescents
with an immigration background when compared with those
without an immigration background.®3® In addition, 2 other
studies found no significant associations between immigration
background, CP prevalence, and CP severity in
adolescents.?'%3

Considering the worldwide increase in the number of
immigrant children and adolescents, the findings indicating
significant positive associations between immigration back-
ground and CP in adults, and the potential negative role of
immigration background in the development of CP and related
disability in children and adolescents, it is important to better
understand the association of immigration background and CP in
young individuals. Such knowledge could be used to inform the
development of new and better tailored strategies to help prevent

Immigration is a growing phenomenon worldwide that is often
associated with social conflicts, persecution, poor living
environments, and lack of personal safety.®*5% In 2020, the
number of international immigrants was estimated to be almost
281 million; 15% of these individuals were children and
adolescents.?°

Research has shown that having an immigration back-
ground is associated with poorer health in adults, including
chronic pain (CP) and related disability.*”+2%46:5% However,
studies examining these associations in children and adoles-
cents have shown inconclusive findings. For example, one
study found 2 times higher rates of abdominal pain in children
with an immigration background compared with children with
a local background,! and one study found immigration
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and treat CP and pain-related disability. Increased knowledge in
this area could also be used to inform more effective advocacy
and system planning strategies for immigrant children and
adolescents.

Given these considerations, this study sought to advance our
understanding of the association between immigration back-
ground and CP using a large community sample of children and
adolescents living in Spain. Specifically, we sought to examine
(1) the association between immigration background and the
presence of CP and high-impact chronic pain (HICP) and (2) the
extent to which these associations differed as a function of sex

PAIN®
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and age. On the basis of prior research showing significant
associations between having an immigration background and
several negative health-related outcomes in children and
adolescents,®%49%° as well as findings showing significant
associations between immigration background and both the
presence of CP and its impact in adults,®"2%4654 e
hypothesized that participants with an immigration background
would have higher rates of CP and HICP than participants with
a local background. Furthermore, considering the higher
prevalence of CP'"2%62 and HICP®® among girls and older
adolescents, we hypothesized that sex and age would
moderate the association between having an immigration
background and CP and HICP.

2. Method
2.1. Procedure and participants

The data for the analyses conducted in this study came from an
initial assessment of an ongoing longitudinal epidemiological
project that included a sample of schoolchildren recruited from 10
schools in Reus, Catalonia (Spain). A paper presenting the
primary findings for this study has been published.>® However,
that paper did not examine the association between having an
immigration background and pain-related variables, which is the
focus of this paper. All schoolchildren aged 8 to 18 years that
were able to read, write, and speak Spanish were eligible. In order
to beincluded, both students and their parents needed to provide
their assent and informed consent. Participating children were
asked to respond a paper-and-pencil survey during a period of
time when they were attending school. For their participation in
this assessment, they received a gym sack and a calendar valued
at 3€. The study was conducted in compliance with established
human research ethics standards and was approved by the
Institute for Health Research ethics committee of the Universitat
Rovira i Virgili (Institut d’Investigacié Sanitaria Pere Virgili; ref.:
136/2018).

For the survey study, 1142 schoolchildren (36% of the potential
sample of 3167 schoolchildren) provided data for the initial
survey. Of these, 1115 (99% of those participating) provided data
for the data analysis (see Miré et al.*® for additional information
about the survey study procedures).

2.2. Measures
2.2.1. Demographic characteristics

Participants were asked to provide information regarding their sex
and age. In addition, participants were asked to provide
information about their birth country and the birth country of their
parents. Based on the participants’ developmental stage®” and
consistent with procedures used in previous similar studies (eg,
Wager et al.%%), participants aged below 10 years were
considered to be “children,” participants aged 10 to 14 years
were considered to be “younger adolescents,” and participants
aged 14 to 18 years were considered to be “older adolescents.”
On the basis of previous epidemiological studies®**>% and the
guidelines of International and European organizations (such as
the International Office for Migrants and the European Commis-
sion®*%%), children and adolescents who were born outside of
Spain and with at least one of their parents also born in another
country (also known as first-generation immigrants) were
considered to have an immigration background. Additionally,
children and adolescents born in Spain but with both parents
born in another country (also known as second-generation
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immigrants) were also considered to have an immigration
background.

2.2.2. Pain characteristics

Participants were asked whether they had experienced pain in
the last 3 months. If yes, they were asked to provide information
about the pain location(s) using a pain site checklist with 11
specific locations (ie, head, neck, chest, shoulders, back, arms,
hands, bottom/hips, belly/pelvis, legs, and feet) and an “other”
category. This pain checklist has been used in previous
studies.®>®"2 Participants reporting more than one pain location
were considered to have multisite pain. For each selected pain
location, participants were then asked to report the pain
frequency in the last 3 months using a 5-point Likert scale
(1 = “every day,” 2 = “more than once a week,” 3 = “once
aweek,” 4 = “once or twice times per month,” 5 = “once in the
last 3 months”). Participants were classified as experiencing CP if

they reported pain at least once a week for at least 3
months_17,21,42,44,63,66

2.2.3. Pain-related interference

Participants were asked to respond to the Spanish version of the
8-item Pediatric Patient-Reported Outcomes Measurement
Information System (PROMIS) Pain Interference scale v2.0
(PROMIS-PI).5” With this scale, respondents are asked to indicate
how often pain has interfered with their physical, psychological,
and social functioning over the past 7 days with each response
measured on a 5-point Likert scale (1= “never” to 5= “almost
always”). Like most PROMIS measures, the response to the Pain
Interference items are scored as T-scores, with a mean of 50
points and an SD of 10 in the normative sample. Previous studies
have shown that the pediatric form of the PROMIS-PI provides
a reliable and valid measure of pain interference when used in
children and adolescents as young as 8 years.®” In the current
sample, the internal consistency (Cronbach alpha) was 0.86,
indicating good reliability. On the basis of the definition of HICP
provided by Von Korff et al.%" and consistent with procedures
used in previous epidemiological research,®® participants who
reported experiencing CP were classified as having HICP if
PROMIS-PI T-scores were =65.

2.3. Data analysis

We first computed descriptive statistics for the demographic and
study variables to describe the sample characteristics. To test the
2 study hypotheses, we planned two 3-stage hierarchical multiple
logistic regressions: one with the presence of CP as the criterion
variable and one with the presence of HICP as the criterion
variable. Assumptions of multicollinearity among the predictors
were assessed for both regression analyses by examining the
variance inflation factors associated with each predictor. Both
regression analyses followed the same strategy: we entered
immigration background, sex, and age group variables as a block
in step 1. All variables were entered as dummy-coded variables
with not having an immigration background, being male, and
being a child as the reference categories, respectively. We then
entered the first-order interactions (ie, Immigration Background X
Sex and Immigration Background X Age Group) and the second-
order interactions (ie, Immigration Background X Sex X Age
Group) in steps 2 and 3, respectively. In the event that the
second-order interaction was significant, we planned to compute
and examine the prevalence rates (%) of CP and HICP separately
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for boys and girls in the different immigration background groups
and for each of the 3 age groups (e, children, younger
adolescents, and older adolescents). If the second-order in-
teraction was not significant, we planned to follow-up any
significant first-order interaction. The Hosmer-Lemeshow test
and the Nagelkerke R® were used to evaluate the fit of the logistic
regression models. A 2-tailed significance level of P < 0.05 was
defined as statistically significant. All data analyses were
conducted using STATA 14 (Stata Corp, TX) and Jamovi version
2.2 (The Jamovi Project, 2021).

3. Results
3.1. Description of the study sample

Table 1 summarizes demographic and pain-related character-
istics of the 1115 participating schoolchildren. The mean age of
this sample was 11.67 years (SD = 2.47, range = 8-18 years),

Demographic and pain-related characteristics of the sample
(N =1115).

N % Mean SD Range

Sex

Male 485 44

Female 630 57
Age* 11.67 247 8-18
Age groups™

Children 247 22 852 051 79
Younger adolescents 591 53 1140 1.10 10-13
Older adolescents 276 25 1506 113 14-18
Immigration backgroundt

No 939 84

Yes 159 14

First-generation immigrants 36 3

Second-generation immigrants 123 11
Pain in the last 3 mo 989 89
Chronic paint 510 46
Chronic pain locations (n = 510)

Head§ 201 39

Neckll 102 20

Chest/breastq] 43 8

Shoulders# 83 16

Back™ 180 35

Armstt 48 9

Handst 42 8

Bottom/hipstt 23 5)

Belly/pelvis** 106 21

Legstt 122 24

Feett 14 22

Other§§ 46 9
Pain interference (n = 510)|lll 53.58 9.03 34-78
High-impact chronic pain (n = 510)ll 52 11

*to §: s varies because of nonresponses.
*n = 1114 (missing values = 1).
Tn = 1098 (missing values = 17).
Fn = 1068 (missing values= 47).
§n = (missing values = 5)

IIn = (missing values = 7).

4 n = (missing values = 1)

#n = (missing values = 3)

**n = (missing values = 8).

1t n = (missing values = 2).

Ftn = (missing values = 6).

§§ n = (missing values = 4).

llll'n = 483 (missing values = 27).
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and more than half of the participants were girls (57 %). Of the total
number of participants, 36 (3%) were first-generation immigrants
and 123 (11%) were second-generation immigrants. Therefore,
159 (14%) participants were considered to have an immigration
background. Almost half of all the participants’ sample (N = 510;
46%) met criteria for having CP, and 11% of these (N = 52; 5% of
the total sample) met criteria for having HICP. There were no
differences in sex (x%1) = 0.25; P > 0.05) or age (x*g) = 4.21;
P > 0.05) between participants with and without an immigration
background (Table 2).

3.2. Assumption testing

No violations of multicollinearity were identified in any regression
model; variance inflation values were all <10.0 (from 1.66 to 3.58
for the logistic regression with CP as the criterion variable and
from 1.10 to 4.42 for the logistic regression with HICP as the
criterion variable), indicating that multicollinearity would not bias
the findings. "

3.3. Logistic regression analyses
3.3.1. Chronic pain

Table 3 shows the results of the 3-stage hierarchical multiple
logistic regression using the presence of CP as the criterion
variable. The block containing the main effects (step 1) made
a significant contribution to the model, explaining an 11% of the
variance of CP (X2 = 90.95; df = 4; P < 0.001). As can be seen,
immigration background (x° = 12.56; df = 1; P < 0.001), sex
(° = 12.30; df = 1; P < 0.001), and age (x* = 65.98; df = 2;
P < 0.001) were all significantly associated with meeting criteria
for having CP. Specifically, participants with an immigration
background, girls, and adolescents (younger and older) had
significantly higher odds of meeting criteria for having CP
compared with nonimmigrant participants, boys, and children,
respectively.

The block containing the first-order interactions (step 2) also
made a significant contribution to the model, explaining an
additional 2% of the variance of CP (x? change = 17.49; df = 3;
P < 0.001), with the Immigration Background x Age Group (x°=
17.49; df = 2; P < 0.001) interaction effect emerging as
significant. A closer examination of the coefficients indicated that
the effect of immigration background on CP was lower as the age
of participant increased. The Immigration Background X Sex X
Age Group interaction (step 3) was not significant. The
Hosmer-Lemeshow goodness-of-fit statistic was C 9.94
(df = 6, P = 0.13), indicating that there was a good fit for the
final model including the first-order interactions (step 2).

Table 4 provides information on the prevalence of CP as
a function of immigration background. As can be seen, the
prevalence of CP is higher in participants with an immigration
background compared with those without an immigration
background. Table 4 also provides information on the prevalence
of CP separately for children, young adolescents, and older
adolescents for the 2 immigration background groups. As can be
seen, the prevalence of CP is higher in children and younger
adolescents with an immigration background compared with
those without an immigration background, but these rates
become similar in the oldest group of adolescents. Table 5
shows the odds ratio for having CP in participants with an
immigration background compared with those without an
immigration background (reference category) in all age groups.
Results indicated that younger participants (ie, those in the
“children” and “younger adolescents” categories) with an
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Distribution of sex and age groups by immigration background.
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Local background (N = 939)

Immigration background (N = 159)

n (%) n (%)

Sex

Male 408 (43) 8 (43)

Female 531 (57) 91 (57)
Age groups

Children 206 (22) 34 (22)

Younger adolescents 489 (52) 95 (59)

Older adolescents 243 (26) 30 (19)

immigration background had significantly higher odds of meeting
criteria for having CP compared with those who were not.

3.3.2. High-impact chronic pain

Table 6 summarizes the results of the 3-stage hierarchical
multiple logistic regression analysis with HICP as the criterion
variable. The block containing the main effects (step 1) made
a significant contribution to the model, explaining a 9% of the
variance of HICP (X2 = 29.25; df = 4; P < 0.001). As can be seen,
immigration background (x> = 6.87; df = 1; P < 0.01) and sex
(x? = 19.40; df = 1; P < 0.001) were significantly associated with
meeting criteria for having HICP. Specifically, participants with an
immigration background and girls had significantly higher odds of
meeting criteria for having HICP compared with nonimmigrant
participants and boys, respectively. Participants’ age was not
associated with meeting criteria for having HICP. The block
containing the first-order interactions (step 2) and the block
containing the second-order interactions (step 3) were not
significant. The Hosmer-Lemeshow goodness-of-fit statistic
was C = 3.77 (df = 7, P = 0.58), indicating that there was

a good fit for the final model including the block of main effects
(step 1).

Table 7 provides information on the prevalence of HICP as
a function of immigration background. As can be seen, the
prevalence of HICP is higher in participants with an immigration
background compared with those without an immigration
background.

4. Discussion

This study yielded 2 primary findings. First, and consistent with
the first study hypothesis, the rates of CP—except in older
adolescents—and HICP were higher in participants with an
immigration background compared with those with a local
background. Second, and partially supporting the second study
hypothesis, participants’ age moderated the association be-
tween immigration background and CP; specifically, the differ-
ence in the prevalence of CP between participants with an
immigration background and those with a local background was
more pronounced among children and young adolescents and
less disparate among older adolescents.

Multiple logistic regression analysis with chronic pain as the criterion variable (N = 1050).

Step and variables Total R?

R? change

X2 change Xt OR (95% Cl)

Step 1: Main effects 0.11
Immigration background
No (ref.)
Yes
Sex
Male (ref.)
Female
Age group
Children (ref.)
Younger adolescent
Older adolescent

0.1

90.95"*
12.56™
1.91 (1.33-2.75™*
12.307
1.58 (1.22-2.04)™
65.98*
2.10 (1.49-2.96)
4.73 (3.19-7.00*

Step 2: First-order interactions
Immigration background X sex
Male with a local background (ref.)
Female with an immigration background
Immigration background X age group
Children with a local background (ref.)
Younger adolescent with an immigration
background
Older adolescent with an immigration
background

0.13

17.49*

1.16 (0.56-2.39)
17.49

0.22 (0.09-0.56)"

0.09 (0.03-0.30)**

Step 3: Second-order interaction

P <0.01.

***p<0.001.

+ Omnibus likelinood ratio x? tests.
Cl, confidence interval; OR, odds ratio.
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Number and percent of participants with chronic pain by immigration background and age groups (N = 1050).

Local background (N = 897)

Immigration background (N = 153)

Total 411 (46) 91 (59)
Age groups
Children 41 (22) 22 (66)
Younger adolescents 212 (44) 52 (57)
Older adolescents 158 (66) 17 (59)

There are several potential explanations for the differences in
the prevalence of CP between children and adolescents with and
without an immigration background. First, children and adoles-
cents with an immigration background, and in particular first-
generation immigrants, might be exposed to adverse events
associated with the country of origin (eg, violence and pov-
erty®*%) and the country of destination (eg, discrimination, peer
aggression, and bullying*'**®%%). There is mounting evidence
showing that adverse childhood experiences increase the risk for
CP."22735 ggcond, first-generation immigrant children can face
challenges in adapting to a new society and its cultural
environment that can result in higher levels of psychological
distress,?®'® which could then contribute to the presence and
severity of CP.25:33:47:56:65 owever, both child’s specific ethnic
background and the receiving country they are brought up in
need to be considered as differentially contributing to these
effects.*® A similar potential explanation could apply to second-
generation immigrants. Although these individuals are not directly
exposed to adverse events associated with the immigration
process, they are still more vulnerable to adverse events such as
peer aggression and bullying*>*® and are more likely to
experience psychological distress problems than their counter-
parts without an immigration background,“® which have all been
associated with CP.%2863

Research on the association between immigration background
and CP in children and adolescents has found conflicting results.
One study conducted in Germany showed no significant
association®; 2 studies, one conducted in Germany and another
conducted in Sweden, showed lower rates of recurrent pain in
children of immigrant families®®®; and 2 studies, one conducted
in Sweden and another conducted in Finland, reported higher
rates of pain in children with an immigration background.#®
Consistent with these latter results, we found that participants
with an immigration background had almost 2 times higher odds
of reporting CP compared with participants with a local back-
ground. The discrepancies in research findings may stem from
variations in the definition of immigration background. In the
current study, participants were classified as having an immigra-
tion background if they were born in another country and had at
least one parent not born in Spain or if they were born in Spain and
both parents had been born outside Spain. Other researchers

Odds ratio for chronic pain in participants with an immigration
background relative to participants with a local background
(N = 1050).

OR (95% CI)
Age groups
Children 6.92 (3.10-15.46)**
Younger adolescents 1.66 (1.06-2.61)*
Older adolescents 0.72 (0.33-1.57)
*P< 0,05,
**p< 0,001,

Cl, confidence interval; OR, odds ratio.

only considered the country of birth of the parents®® or only
considered first-generation immigrants.?® Moreover, the partic-
ipants’ country of birth is another potential factor contributing to
the conflicting findings because the risk factors associated with
being an immigrant may vary depending on the country of origin.
For example, immigrants in Germany predominantly originate
from Turkey, Syria, and Romania, whereas immigrants in Sweden
come mostly from Syria and Iraq, in Finland from Russia, Iraq, and
Somalia, and in Spain from Morocco, Colombia, and Ecuador.®®
Furthermore, cross-national variations in the prevalence of CP'©
suggest that social factors associated with the country of
destination may also play a role. Additional research with
nationally representative samples of multiple countries using
homogenous definitions of immigration is warranted to clarify the
association between immigration status and CP.

Consistent with our hypothesis, we found higher rates of HICP
in children and adolescents with an immigration background than
in those with a local background. Thus, our results suggest that
children and adolescents with an immigration background not
only are at an increased risk of CP but also of CP that severely
impacts on their life and function. This finding contrasts with the
one reported by Kénning et al.,! who found no differences in
immigration background among the most severe cases of
individuals with CP.

To our knowledge, only one study has tested the moderating
effects of sex and age on the association between immigration
background and CP. Wager et al.,®® using a sample of
adolescents aged 10 to 18 years living in Germany, found no
significant moderating effects of sex or age. In contrast, we found
that participants’ age moderated the effect of immigration status
on CP. Specifically, we found that the difference in the prevalence
of CP between participants with and without immigration
background was higher for participants of younger age, but
these rates were less disparate between older adolescents with
and without immigration background. In view of these resullts, it
might be hypothesized that children and younger adolescents
with an immigration background, and specifically first-generation
immigrants, are more vulnerable to the potential adverse events
associated with immigration compared with the older ones. In
relation to this, eg, younger age at migration has been associated
with a greater risk of mood disorders in children.'®*® Further-
more, adverse events associated with immigration background
such as bullying victimization decrease at older ages,*® which
could partially explain why the rates of CP become similar in older
adolescents with and without immigration background. Addi-
tional research is needed to examine these hypotheses.

The findings have important financial and clinical implications.
Research has shown that CP has detrimental effects across
many domains of children and adolescents’ lives®' and that these
detrimental effects are higher for those with CP that is of high
impaot.33 Furthermore, it is well known that CP conditions in
children and adolescents result in a significant economic burden
to society'"*® and that individuals with HICP account for the
largest share of the economic costs associated with CP.%°
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Multiple logistic regression analysis with high-impact chronic pain as the criterion variable (N = 1025).

Step and variables Total R? R? change

X2 change Xt OR (95% Cl)

Step 1: Main effects 0.09 0.09
Immigration background
No (ref.)
Yes
Sex
Male (ref.)
Female
Age group
Children (ref.)
Younger adolescent
Older adolescent

29,25
6.87"
2,55 (1.32-4.92)
19.40"*

4.77 (212-10.73)*

1.28 (0.54-3.03)
1.85 (0.74-4.61)

Step 2: First-order interactions 0.09 0.00

2.01

Step 3: Second-order interaction 0.11 0.02

6.49

*P<0.01.

***p< 0,001,

+ Omnibus likelinood ratio x° tests.
Cl, confidence interval; OR, odds ratio

Indeed, high rates of health service use have been documented
for youth with CP around the world, 622385259 and there are
some studies reporting that children and adolescents with an
immigration background with CP are more likely to seek medical
help for their pain issues than their counterparts with a local
background.'®%® Therefore, if the findings reported here are
found to be reliable when examined in additional samples of
children, and if the number of children and adolescents with an
immigration background continues to increase, the economic
burden associated with CP in children and adolescents could
also be expected to increase. Also, if the findings regarding the
role of age on the association between immigration and CP and
HICP are replicated in future studies, this would suggest that
children and younger adolescents with an immigration back-
ground may be at higher risk for having CP. The findings therefore
suggest that there may be a need to provide greater resources to
children and adolescents with an immigration background,
perhaps especially younger children.

This study has limitations. First, the data from this study were
collected from a convenience sample of children and adoles-
cents, and only 36% of the parents approached consented to
their children participating. This response rate is lower than similar
studies using school-based samples.'"#*%® Second, the sample
of participants with an immigration background identified here
may not be representative of all children in Spain with an
immigration background. For example, 14% of our sample had
an immigration background compared with 20% to 30%
nationally, according to official statistics.'® Potential reasons for
this discrepancy may be related to the study’s sampling method.
For example, the requirement for written literacy in Spanish may
have reduced participation of first-generation immigrant parents.
Additionally, obtaining data in school settings might have
excluded individuals with higher family care responsibilities.

Number and percent of participants with high-impact chronic
pain by immigration background (N = 1025).
Local background Immigration background

Future research should explore alternative sampling strategies,
such as accessing community samples through immigration
registers or partnerships with immigrant organizations. Third, the
low sample of participants with an immigration background did
not allow to study the potentially different effects of first-
generation and second-generation immigrants on CP and HICP
separately. The findings therefore need to be replicated in other
samples—ideally samples that are more representative of the
population as a whole—to determine their generalizability and
reliability. Similarly, future studies could compare CP and HICP
rates among immigrants to other groups with similar socioeco-
nomic status (SES) who are not immigrants. This comparison
could provide valuable insights into the unique contribution of
immigration status vs other factors associated with SES. Fourth,
because of the cross-sectional design used, causal relationships
between immigration background and future CP and HICP
cannot be inferred. Longitudinal studies assessing immigration
background’s predictive power on pain and related domains are
needed.

Despite the study’s limitations, this study contributes valuable
insights into the association between immigration background
and CP and HICP in children and adolescents. The findings that
children and adolescent with an immigration background in Spain
report higher rates of CP, especially younger children, and HICP
provides information that could be used by stakeholders
interested in improving the quality of life of this population.
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4.3. Study Il

The increase in early menarche is associated with the increase of chronic

back pain in female adolescents: The HBSC study 2002-2014.
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Abstract

Objective: Research has shown that there has been an increase in the
prevalence of chronic back pain in adolescents, especially in female
adolescents. The purpose of the current study was to test the hypothesis
that the observed increase in the prevalence of early menarche in female
adolescents is contributing to the increase in the prevalence of chronic back
pain over time in this population.

Methods: Cross-sectional data from 251,390 female adolescents from 27
countries/regions were drawn from the HBSC questionnaire-based surveys
conducted in 2002, 2006, 2010 and 2014. The Karlson—Holm—Breen
method was used to examine the explanatory role of the increase in the
prevalence of early menarche on the increase in the prevalence of chronic
back pain whilst controlling for socioeconomic status, physical activity, body
mass index, and psychological symptoms.

Results: The increase in the prevalence of early menarche between 2002
and 2014 was associated with the increase in the prevalence of chronic
back pain (p < 0.001). The percent of chronic back pain prevalence increase
accounted for by the increase in early menarche was 2.2%.

Conclusions: The increase in the prevalence of chronic back pain in
female adolescents observed over the last decade may be explained, in
part, by the decrease in the age of menarche. This finding, coupled with
research showing a decline in early menarche worldwide, highlights the
need to delve deeper into the underlying mechanisms of the association
between early menarche and pain — particularly chronic back pain — in

female adolescents.
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INTRODUCTION

Chronic back pain in adolescence is a highly prevalent," disabling,?
and costly condition,® and is associated with a greater risk of impairment
into adulthood.* Recent studies have shown that there has been an
increase in the prevalence of chronic back pain in adolescents over the last
decades,' and that this increase has been higher in female than in male
adolescents.®

Research suggests that the increase in a number of life-style-
related factors (e.g., time spent in sedentary screen-related activities and
obesity),® as well as increases in sleep disturbance and psychological
distress ” may have contributed to the observed increase in the prevalence
of chronic back pain in this population. However, the findings of these
studies only account for a small percentage of the increases in pain
prevalence in adolescents, and the causes of the increase in chronic back
pain prevalence remain poorly understood. Additional research that
identifies the factors associated with this increase is therefore warranted,
as this could provide valuable knowledge for prevention purposes.

In female adolescents, another factor that has the potential to
explain the observed increases in chronic back pain prevalence is the
decline in the mean menarcheal age (i.e., age of the first menstruation) that
has also been observed over the last decades.® In support of this
hypothesis, there is research showing that an earlier age of first menarche
is associated with higher levels of sex-related hormones during puberty

(e.g., estradiol/estrogen),® which have been suggested to have a
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pronociceptive effect.'®" Moreover, several studies have shown that earlier
menarche onset is associated with a higher prevalence of somatic
complaints among female adolescents,? including chronic pain.'®

Given these considerations, the aim of this study was to test the
hypothesis that the increase in the prevalence of early menarche in female
adolescents is contributing to the increase in the prevalence of chronic back
pain in this population, over and above the effects of other factors
associated with early menarche and back pain, such as socioeconomic
status,™' body mass index (BMI),'®'" psychological symptoms (e.g.,
depressive symptoms),”'® and physical activity.'%2°

METHOD

Study Design, Setting, and Participants

Data for the current analyses were retrieved from the HBSC study,
an international, repeated cross-sectional study initiated by the World
Health Organization in 1983-1984. The HBSC collects data about
adolescents’ health behaviors and well-being indicators across multiple
countries and regions of Europe and North America. Participating countries
collect these data every four years from independent, nationally
representative samples of boys and girls aged 11, 13, and 15 years, using
multi-stage stratified random cluster sampling, with school classes or
schools as the sampling unit. Study participation is voluntary and
anonymous. Data collection is conducted through standardized self-
administered questionnaires in classroom settings. The HBSC study
adheres to ethical consent procedures and secures institutional consent in

compliance with local requirements from schools, parents, and
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adolescents, either through active or passive informed consent/assent
processes. Only consenting adolescents whose parents did not object to
their child participating are included in the study. Additional details regarding
the methodology of the HBSC study can be found elsewhere.?'

To test the study hypothesis, we retrieved data from 801,648
adolescents across surveys conducted in 2001/2, 2005/6, 2009/10, and
2013/14. In these analyses, data from the survey conducted in 2017/18
were not used because questions about menarche were not included in that
survey. Participating countries were eligible for the present analyses if they
had collected data on the age of menarche and back pain in the four survey
years. Although a number of papers have been published using these
data,®'7?22% none of the published papers have examined whether the
increase in early menarche contributes to the increase in the prevalence of
chronic back pain.

This study was conducted according to the STROBE guidelines for
cross-sectional studies.?*

Variables and measures
Independent variable

Survey year. The variable representing the time of assessment
was the survey year (i.e., 2001/02, 2005/06, 2009/10, and 2013/14).
Following the procedure of prior studies using data from the HBSC study,’
survey year was treated as a continuous variable, with values ranging from

1(“2002") to 4 (“2014”).
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Dependent variable

Chronic back pain. The information regarding the experience of
chronic pain back was based on the survey participant’s responses to the
back pain item of the HBSC symptom checklist (HBSC-SCL).25> With the
HBSC-SCL, respondents are asked to respond to the question “In the last
6 months, how often have you had the following...?” with respect to eight
different symptoms — including back pain — using a 5-point scale (1 = “About
every day,” 2 = “More than once a week,” 3 = “About every week,” 4 = “About
every month,” and 5 = “Rarely or never”). Following the procedure used in
prior studies using the HBSC-SCL, 57 the presence of chronic back pain
was deemed positive if adolescents reported having back pain weekly or
more often over the last 6 months.
Mediator variable

Early menarche. The variable representing the age of menarche
was computed based on the survey respondents’ answer to the question,
“Have you begun to menstruate (have periods)?” with response options
being “No, | have not yet begun to menstruate” and “Yes, | began at the age
of _ years and _ months.” Given that menarche onset varies among
different populations, there is not a universally accepted age cut-off for
classifying individuals having early menarche.?® Therefore, classification
should be determined in the context of the specific population under
investigation. In line with the approach employed by Klgven and
colleagues,’ we adopted a 25th percentile cut-off, rounded to the nearest

whole year, to define early menarche in this study. This turned out to be
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11.33 years. Therefore, in this study’s population, early menarche was
defined as occurring before the age of 11.
Control variables

On the basis of prior research on potential factors associated with
early menarche and chronic back pain,” 152027 participants’ socioeconomic
status, physical activity, body mass index, and psychological symptoms
were included as control variables in the current study.

Socioeconomic status. Information regarding the participants’
socioeconomic status was extracted from the Family Affluence Scale I
(FAS 11).28 With the FAS I, participants’ are asked “Does your family own a
car, van or truck?” with response options being (1) “No,” (2) “Yes, one,” and
(3) “Yes, two;” “Do you have your own bedroom for yourself?” with response
options being (1) “Yes” and (2) “No;” “During the past 12 months, how many
times did you travel away on holiday/ vacation with your family?” with
response options being (1) “Not at all,” (2) “Once,” (3) “Twice,” and (4) “More
than twice;” and “How many computers does your family own?” with
response options being (1) "None,” (2) “One,” (3) “Two,” and (4) “More than
two.” Responses to the items are summed into a total score, which is then
converted into proportional rankings, reflecting the comparative wealth
status of participants in their respective residential countries. Using this
approach, adolescents were classified into three categories within each
country and region: the bottom 20% (low affluence), the middle 60%
(medium affluence), and the top 20% (high affluence).?®

Physical activity. The participants’ responses to the question

“Over the past 7 days (week), on how many days were you physically active
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for a total of at least 60 min per day?” was used as the measure of physical
activity. The response options to this question range from (1) “0 days” to (7)
“7 days.” The question was preceded by explanatory text which defined
physical activity as “Any activity that increases your heart rate and makes
you get out of breath some of the time.”°

Body mass index (BMI). Participants' self-reported their body
height (cm) and weight (kg). These were used to calculate participants'
body mass index (BMI) using the kg/m2 formula.

Psychological symptoms. The variable used as an indicator of
psychological symptoms was computed based on the participant’'s
responses to the four items of the HBSC-SCL assessing psychological
symptoms (i.e., feeling low, irritability or bad temper, feeling nervous, and
sleep difficulties).?>*' Following the procedures used by prior researchers
using the HBSC-SCL,” and in line with research demonstrating the validity
of these items as a unidimensional measure of psychological symptoms in
school-aged children,®' we conducted reverse recoding on participants’
responses to each item (range: 0 to 4; higher scores indicating a greater
presence of each psychological symptom) and then we grouped these four
items to create a single, composite measure of psychological symptoms
(range: 0-16). Higher scores on this measures indicate a greater frequency
of psychological symptoms. For the current sample, Cronbach’s a = .73,
indicating good internal consistency.

Data preparation and Analysis
Data preparation included removing: (1) cases from countries that

did not provide information on back pain and/or menarche in each of the
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four measurement periods (i.e., Austria, Armenia, Albania, Austria,
Bulgaria, Denmark, Greenland, Iceland, Lithuania, Luxembourg, Malta,
Poland, Republic of Moldova, Romania, Russia, Slovakia, Turkey, and
United States of America); (2) male adolescents; (3) female adolescents
who did not provide information about their age or were under the age of
11, given that the determination of early menarche status was not possible
in this age group; and (4) female adolescents aged =11 who did not provide
answers to all the primary study variables (i.e., menarche and back pain).
Means and standard deviations for continuous variables and
number and percentages for categorical variables were computed to
describe the study sample as a whole and between the four survey years
(i.e., 2002, 2006, 2010, and 2014). Two logistic regression models, one with
chronic back pain as the criterion variable, and the other with early
menarche as the criterion variable, were fitted to evaluate the statistical
significance of the increase in the prevalence of chronic back pain and early
menarche between 2002 and 2014. In both models, survey year was
introduced as a continuous independent variable. Additionally, a third
logistic regression model with chronic back pain as the criterion variable
and early menarche as the independent variable was fitted to evaluate their
statistical association. The contribution of the increase in early menarche to
the increase in the prevalence of chronic back pain between 2002 and 2014
was examined using the Karlson-Holm-Breen (KHB) method.3?33 With this
method, we estimated the confidence intervals for the total, direct, and
specific indirect effect of survey year (i.e., predictor variable) to chronic back

pain (i.e., outcome variable) through early menarche (i.e., mediator
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variable). The significance of the indirect effect was determined through the
examination of confidence intervals that were calculated using a bias-
corrected bootstrapping procedure with n = 10,000 subsamples. This
indirect effect of early menarche on the association between survey year
and chronic back pain was considered significant if the 95% confidence
interval did not encompass zero. The KHB method is particularly suitable
for examining mediation in non-linear models®?23 and has been previously
used to examine the contribution of increases in screen time and obesity
on the increasing trend of chronic back pain in adolescents.® Participants’
socioeconomic status, level of physical activityy, BMI, and level of
psychological symptoms were included to account for the potential
confounding effects of these variables. Cluster-robust standard errors,
accounting for the nesting of adolescents within countries, were used in all
analyses. Missing data were handled using list-wise deletion. All statistical
analyses were conducted using STATA 14 (Stata Corp., Texas, USA).
RESULTS

As noted previously, we first removed data from countries that did
not participate in the four survey waves that are the focus of this study or
did not provide data on age of menarche and back pain (n = 240,685). Data
from the remaining male adolescents (n = 275,265), female adolescents
that did not provide information about their age or were under the age of 11,
(n = 4,692); female adolescents aged 211 who did not provide answers to
all the primary study variables (i.e., menarche and back pain; n = 29616)
were removed. Thus, the final sample consisted of 251,390 adolescents

from 27 countries.
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Table 1 provides a summary of the study sample. As can be seen,
the mean age of adolescents was 13.65 (SD = 1.63) and the sample size
was similar across the four survey waves. The weighted prevalence of early
menarche was 3.5% in 2002, 4.3% in 2004, 5.4% in 2010, and 5.3% in
2014. The weighted prevalence of chronic back pain was 20.7% in 2002,
22.2% in 2004, 23.2% in 2010, and 25.0% in 2014. The significance of an
increasing trend over time in both early menarche (B =.02, z=5.67, p<.001,
95% confidence interval [CI] =.01 - .03) and chronic back pain (B = .04, z =
6.96, p<.001, 95%CI = .03 - .05) was confirmed in the current sample.
Furthermore, there was a positive and statistically significant association
between early menarche and chronic back pain, such that girls with early
menarche had a 5.6% higher odds of reporting chronic back pain than girls
who did not have early menarche (OR = 1.56, z = 13.15, p<.001, 95%CI =
1.46 — 1.66). This association remained significant after controlling for
socioeconomic status, BMI, physical activity, and psychological symptoms
(OR =1.22,z=6.01, p<.001, 95%CI = 1.14 — 1.30).

Table 1. Description of the study sample (weighted estimates; N =

251,390).

Variable N/M %/SD

Survey year, N and %

2002 59,960 23.8
2006 62,103 24.8
2010 64,594 257
2014 64,733 257
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Age, N and %

11-year-olds 77,709 30.9
13-year-olds 86,641 34.4
15-year-olds 87,040 34.7

Socioeconomic status,2 N and %

Low 44,654 18.2
Medium 150,872 61.9
High 47,944 19.8

Physical activity,” N and %

0 10,948 4.5
1 22,243 9.1
2 41,826 171
3 45,863 18.7
4 38,909 15.9
5 32,944 13.5
6 19,991 8.2
7 32,088 13.1
BMI,° M and SD 19.37 3.3
Psychological symptoms,® M and SD 5.42 4.1

Early menarche, N and %
Yes 11,517 46
No 239,873 95.4
Chronic back pain, N and %

Yes 57,348 22.8
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No 194,042 77.2

Country/region of residence, N and %

Belgium Flemish 8,963 3.6
Belgium French 8,275 3.3
Canada 16,162 6.5
Croatia 9,882 3.9
Czech Republic 9,174 3.6
England 9,370 3.7
Estonia 7,198 29
Finland 9,234 3.7
France 12,589 5.0
Germany 10,531 4.2
Greece 8,210 3.3
Hungary 7,854 3.1
Ireland 7,724 3.1
Israel 8,132 3.2
Italy 7,965 3.2
Latvia 8,183 3.3
Macedonia 8,134 3.2
Netherlands 6,416 2.5
Norway 8,000 3.2
Portugal 7,980 3.2
Scotland 10,571 4.2
Slovenia 9,438 3.8
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Spain 13,472 5.4
Sweden 10,672 4.2
Switzerland 10,170 4.0
Ukraine 8,486 3.2
Wales 8,605 3.4

Note: Sample size varies due to non-responses. BMI = Body mass index.
N = Number; M = Mean; SD = Standard deviation.
an = 243,470 (missing = 7,920); °n = 244,812 (missing = 6,578); °n =

206,774 (missing = 44,616); n = 247,611 (missing = 3,779).

Table 2 shows the decomposition of the total effect of survey year
on chronic back pain into its direct and indirect effect through early
menarche while controlling for socioeconomic status, BMI, physical activity,
and psychological symptoms. As can be seen, the results supported the
mediation effect of early menarche as explaining, at least in part, the
increase in the prevalence of back pain observed over time. The total effect
of the survey year on chronic back pain was 1.02 times larger than the direct

effect, and 2.2% of the total effect was due to early menarche.
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Table 2. Decomposition of the total effects of survey year on chronic

back pain through early menarche.

Clbca Clbca
B SE robust z P-value

(LL) (UL)
Survey year
Total effect .012  .003 3.62 <.001 .005 .02
Direct effect  .011 .003 3.54 <.001 .005 .02
Indirect effect .0003 .00007 3.31 .001 .0001 .0004

Note: N for analysis is 193,929. Findings adjusted for socioeconomic status,
body mass index, physical activity, and psychological symptoms. SE =
Standard error; Clbca (LL) = lower limit of a 95% confidence interval; Clbca
(UL) = upper limit.

DISCUSSION

The findings confirmed the study hypothesis that the decrease in
the mean age of menarche over time significantly contributes to the
observed increase in the prevalence of chronic back pain in female
adolescents. This finding adds to the growing body of research examining
the factors contributing to the increase in the prevalence of chronic back
pain among adolescents.®’

Several studies have found a significant association between early
age of menarche and the prevalence of chronic pain in children and
adolescents.®® In relation to this, it has been observed that girls
experiencing early menarche tend to have higher levels of estrogen, a
hormonal pattern that may persist even after a 5-year period.®3* In addition,

research findings suggest that estradiol — a key estrogen hormone — might
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exert a nociceptive effect,'®1135 potentially increasing the risk for developing
chronic pain. This hormonal link provides a plausible biological mechanism
that may explain the observed association between early menarche and
chronic back pain in female adolescents. Further investigation into the
interplay between hormonal fluctuations and pain perception could offer
valuable insights into the increasing prevalence and complex etiology of
chronic back pain in adolescents.

In addition to the potential direct physiological-based effects of
early menarche on the prevalence and severity of chronic back pain in
female adolescents, it is possible that early menarche may elevate the risk
of chronic back pain through other psychosocial factors. For example,
menarche can be viewed as a stressful event associated with significant
physical and lifestyle changes and altered expectations from the
environment. Experiencing menarche early could therefore require
significant coping efforts before the young woman is emotionally ready.®
Consistent with this possibility, there is research showing that female
adolescents with early menarche endorse higher levels of psychological
distress (e.g., depressive symptoms)'® which in turn are associated with the
presence of chronic pain."37:38 Also consistent with this hypothesis are the
findings from a recent study showing that an increase in adolescents’
psychological symptoms was significantly associated with the increase in
the prevalence of chronic back pain in female adolescents.”

Furthermore, taking into account findings showing that early
menarche is associated with higher BMI,'” and research showing that the

increase in the levels of BMI contribute to the increase in the prevalence of
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chronic back pain in adolescents over the last decade,® it is possible that
the observed decrease in the mean menarcheal age over the last decades
may be associated with an increase in BMI in this population, which may
then contribute to the observed rise in chronic back pain in female
adolescents. Additionally, there is research showing that female
adolescents reporting early menarche also report higher rates of bullying
victimization,?® and there is evidence of higher rates of chronic pain,
including chronic back pain, among children and adolescents experiencing
bullying victimization.3® A greater understanding of the complex interplay
between early menarche, BMI, bullying, stress, and chronic pain could
inform interventions that could help to treat and/or reduce the risk of
developing chronic back pain in female adolescents.

This study has a number of limitations that should be considered
when interpreting the results. Perhaps the most notable is the cross-
sectional design of the HBSC study, which precludes drawing causal
conclusions from the analyses. Longitudinal studies examining the
temporal sequence of the association between menarche onset and
subsequent chronic back pain are needed to determine the temporal
sequencing of these variables. Moreover, the reliance on self-reported
measures for assessing early menarche and chronic back pain introduces
the potential for recall bias. However, self-reported information on these
variables is generally accepted as valid and reliable, particularly in large
epidemiological studies.*° Third, although we controlled for several possible
confounders, the unavailability of other possible confounding variables,

such as self-identified race and ethnicity and immigration status, in the
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HBSC study limits our ability to consider their influence. Lastly, the findings
of this study may not generalize to adolescent girls in populations not
represented in the HBSC study.

Despite the study's limitations, the findings provide new information
regarding the factors that may underly the observed increase in the
prevalence of chronic back pain in female adolescents. The finding that
early menarche contributes to the increase in the prevalence of chronic
back pain over time, coupled with research showing a decline in early
menarche '2 underscores the need to delve deeper into the underlying
mechanisms of the association between early menarche and pain -
particularly chronic back pain- in female adolescents.
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Abstract

Background: Previous research has shown that chronic back pain amongst
European adolescents is increasing. Determining the factors associated with this
increasing trend is crucial for developing prevention strategies. In this study, we
used data from the Health Behaviour in School-aged Children (HBSC) survey to
examine whether increases in screen time and/or obesity between 2002 and 2014
were associated with the increase in the prevalence of chronic back pain amongst
European adolescents during the 12-year period.

Methods: Data from 423,092 adolescents from 27 European countries/regions
were drawn from the HBSC questionnaire-based surveys conducted in 2002,
2006, 2010 and 2014. The Karlson-Holm-Breen method was used to examine
the explanatory role of increases in screen time and obesity on the increase in the
prevalence of chronic back pain whilst controlling for sex and age.

Results: Increases in both screen time and obesity between 2002 and 2014 were
associated with increases in the prevalence of chronic back pain (p <0.001). The
percent of chronic back pain prevalence increase accounted for by screen time
and obesity was 3.98% and 1.65%, respectively.

Conclusions: The increase in the prevalence of chronic back pain amongst
European adolescents may be explained, in part, by the rising trends in both sed-
entary screen time and obesity. The fact that screen time and obesity only ac-
counted for a small part of the increase in the prevalence of chronic back pain
indicates that other unmeasured factors also play a role.

Significance: More screen time and obesity are slightly associated with more
chronic back pain (CBP) prevalence in adolescents across the WHO European
Region. The findings may be used to identify ways to prevent or reduce the rising
trend of CBP in adolescents.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. European Journal of Pain published by John Wiley & Sons Ltd on behalf of European Pain Federation - EFIC *.
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increasing rates of screen time and obesity may be asso-

Research has shown that chronic back pain interferes
with function in adolescents (Bejia et al., 2005; Huguet
etal., 2009; Jones et al., 2004) and has an enormous societal
impact (Groenewald et al., 2015; Ochsmann et al., 2010).
Research has also shown that adolescents with low
back pain are more likely to experience low back pain
in their adulthood (Brattberg, 2004; Hestbaek, Leboeuf-
Yde, & Kyvik, 2006; Hestbaek, Leboeuf-Yde, Kyvik, &
Manniche, 2006; Jeffries et al., 2007). Moreover, low back
pain causes more global disability than any other of the
291 conditions studied in the Global Burden of Disease
Study (Hoy et al., 2014; Wu et al., 2020).

Recent findings show that the prevalence of chronic
back pain amongst European adolescents is increasing. For
example, Roy and colleagues (Roy et al., 2021) examined
pooled data from 33 countries, mainly European, of the
Health Behaviour amongst School-aged Children (HBSC)
cross-sectional survey conducted from 2002 to 2014 and
found that the prevalence of self-reported chronic back
pain had steadily increased from 18.3% to 21.6% across the
12-year period. Determining the factors that account for
such an increase in the prevalence of chronic back pain
amongst children and adolescents is important for policy-
makers to improve the development and implementation
of preventive and treatment strategies.

Another recent report from the World Health
Organization Regional Office for Europe using data from
the HBSC study (Inchley et al., 2017) revealed two addi-
tional worrisome findings. First, there has been a rapid
increase (from 2002 to 2014) in the time adolescents have
been spending in sedentary screen-based activities, with
almost 90% of European adolescents exceeding the rec-
ommendations of 2-h screen time daily in 2014 (Ghekiere
etal., 2018). Second, the number of obese adolescents had
also increased in many European countries and regions
during this period, reaching an average prevalence of 19%
of adolescents above the normal weight in 2014 (Inchley
et al., 2017).

Time spent in sedentary screen-based activities—such
as computer use, tablet, smartphones and TVs—has been
repeatedly associated with multiple health complaints
and conditions, including back pain, in adolescents (Bento
et al., 2020; Hakala et al., 2012; Joergensen et al., 2021;
Keane et al., 2017; Lemes et al., 2021; Silva et al., 2017;
Torsheim et al., 2010). There is also mounting evidence
showing a significant positive association between obe-
sity and low back pain in adolescents (Hershkovich
et al., 2013; Hestbaek, Leboeuf-Yde, & Kyvik, 2006;
Hestbaek, Leboeuf-Yde, Kyvik, & Manniche, 2006; Palmer
et al., 2020; Paulis et al., 2014). Considering these find-
ings as a group, it is reasonable to hypothesize that the

ciated, in part at least, with the increase of chronic back
pain prevalence in European adolescents. Here, we used
data from the international HBSC survey collected during
the four most recent waves (2001/2, 2005/6, 2009/10 and
2013/14) to test this hypothesis.

2 | METHOD

2.1 | Study design, setting and sample
The Health Behaviour amongst School-aged Children
(HBSC) study is a World Health Organization collabora-
tive cross-sectional study that aims to monitor the health
and well-being of adolescents across Europe and North
America using a standardized methodological approach
(Currie et al., 2014). Data have been collected every
4years since 1983/1984 in school settings from independ-
ent, nationally representative samples of 11-, 13- and
15-year-old boys and girls in each participating country/
region. Participants are recruited via multistage stratified
random cluster sampling, with school classes or the school
as the sampling unit. Each country/region obtained ap-
proval to conduct the survey from an ethics review board
or a country/region-specific equivalent regulatory body.
Further information about the methodology of the HBSC
study is available elsewhere (Currie et al., 2014; Roberts
et al., 2009). For this study, secondary data from 801,648
adolescents were retrieved from four consecutive waves,
covering the period between 2002 and 2014 (i.e. 2001/2,
2005/6, 2009/10 and 2013/14).

2.2 | Measures

2.2.1 | Chronic back pain

The presence of chronic back pain was extracted from par-
ticipants' responses to one of the questions of the HBSC
Symptom Checklist (HBSC-SCL), an 8-item symptom
checklist developed for the HBSC survey which has been
found to provide reliable and valid measures of subjec-
tive health complaints (Haugland & Wold, 2001). The
HBSC-SCL asks the participant to respond to the question
‘In the last 6 months: how often have you had the follow-
ing...?” on a variety of physical and emotional symptoms
(i.e. headache, stomach ache, backache, dizziness, feel-
ing low, irritability/bad temper, nervousness and sleep-
ing difficulties). Answer categories for each question are
as follows: (1) ‘About every day,” (2) ‘More than once a
week,” (3) ‘About every week,” (4) ‘About every month,’
and (5) ‘Rarely or never.” For the purposes of this study,
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adolescents who reported having back pain weekly or
more often over the last 6 months were considered to have
chronic back pain. This dichotomization has been previ-
ously used in studies also using items from the HBSC-SCL
(Haugland & Wold, 2001; Roy et al., 2021).

2.2.2 | Screen time

The screen time behaviour was extracted from the par-
ticipants' responses to three different questions: (1) ‘How
many hours a day, in your free time, do you usually spend
watching TV, videos, DVDs and other entertainment on
a screen?’; (2) ‘How many hours a day, in your free time,
do you usually spend playing games on a computer,
games console, tablet (like iPad) or smartphone or other
electronic devices (not only including moving or fitness
games)?” and (3) ‘How many hours a day, in your free
time, do you usually spend using electronic devices such
as computers, tablets (like iPad) or smartphones for other
purposes, for example, homework, emailing, tweeting,
Facebook, chatting, surfing the internet?” Each question
asked participants about their screen behaviour sepa-
rately for weekdays and weekends with nine response op-
tions: (1) ‘None at all,” (2) ‘About half an hour,’ (3) ‘About
1 hour a day,’ (4) ‘About 2 hours a day,’ (5) ‘About 3 hours
aday,’ (6) ‘About 4 hours a day,” (7) ‘About 5 hours a day,’
(8) ‘About 6 hours a day,” and (9) ‘About 7 or more hours
a day.” Participants’ answers to the three questions were
treated as continuous (i.e. ‘None at all’ = 0, ‘Half an hour
a day’ = 0.5, ‘About an hour a day’ = 1.0, etc.) in order to
compute a sum score measuring screen time for week and
weekend days separately. This sum score was then used to
create a weighted average mean (i.e. mean = [5 X weekday
+2 weekend day]/7 days; Rey-Lopez et al., 2010) to reflect
the average daily screen time. A cutoff at 2 h/day was set
to extract an additional dichotomized variable to conform
the current international health guidelines for screen
time, that is exceeding 2-h daily screen time (coded as
‘1”) or not (coded as ‘0’; American Academy of Pediatrics:
Children, adolescents and television, 2001).

2.2.3 | Obesity

The participants' self-reported body height (cm) and body
weight (kg) were used to calculate participants’ body mass
index (BMI) according to the kg/m?* formula. We then used
the WHO's gender-specific BMI-for-age growth charts (De
Onis et al., 2007) to determine adolescents' weight status
according to their chronological age (i.e. the difference
between the date of administration of the HBSC ques-
tionnaire and participants’ self-reported month and year

E)P__B§
of birth). Obesity was defined by the >97th percentile on

the gender-specific BMI-for-age growth charts (De Onis
et al., 2007; De Onis & Lobstein, 2010).

2.3 | Data analysis

Because this study focused on European countries, we
first eliminated data belonging to participants from non-
European countries (i.e. Canada and the United States of
America). We also eliminated data from European countries
that did not participate in the four survey waves (i.e. Albania,
Armenia, Bulgaria, Iceland, Luxemburg, Malta, Moldova,
Romania, Slovakia and Turkey) and from European coun-
tries that did not provide data on each variable of interest for
each of the four survey waves (i.e. Austria, Czech Republic,
Greenland, Norway and Ukraine). We then removed data
from respondents who had not provided answers to all the
study variables. For the remaining participants, we com-
puted the number and percentages of all categorical vari-
ables, and mean and standard deviations of all continuous
variables, across the four measurement periods (i.e. 2002,
2006, 2010 and 2014) for descriptive purposes. Logistic re-
gression models including survey year as a continuous
variable and sex and age as control variables were fitted to
evaluate the significance of time trends for each of the three
outcomes (i.e. screen time, obesity and chronic back pain).
Then, to address the study’s aim, for chronic back pain, a
second model was run that included screen time and obe-
sity to examine the explanatory role of both variables on
the trend of chronic back pain. Additionally, the interaction
term between screen time and obesity was introduced in
a third model to study if the interaction contributed to the
explanation of chronic back pain over time. The Karlson-
Holm-Breen (KHB) method (Breen et al., 2013; Kohler
et al., 2011) was used to decompose the total effect of sur-
vey year (i.e. time) on chronic back pain into its direct part
(unmediated) and indirect part (mediated) running through
screen time and obesity whilst adjusting for sex and age.
This method also displays the decomposition of the indirect
effect through multiple mediators and calculates the pro-
portion of the total association that is due to each mediator
(Kohler et al., 2011). The KHB method is appropriate for ex-
amining mediation in non-linear models (Breen et al., 2013;
Kohler et al., 2011) and has previously been used to examine
the contribution of diverse factors (e.g. daily smoking, tru-
ancy) on the decreasing trend of heavy episodic drinking in
Nordic countries (Raitasalo et al., 2021). In our study, the
KHB method provided an estimate of the contribution of
screen time and obesity on the increasing trend of chronic
back pain. In all analyses, cluster-robust standard errors (ad-
justing for adolescents being nested within countries) were
used. Statistical significance was set at p<0.05.
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tween time (i.e. survey year) and chronic back pain
through screen time and obesity whilst controlling for
sex and age. The model demonstrates a significant indi-
rect and direct effect of survey year on chronic back pain,
showing that screen time and obesity explained, in part,
the increase in the prevalence of chronic back pain over
time. The total effect of the survey year on chronic back
pain was 1.06 times larger than the direct effect, and 5.62%
of the total effect was due to screen time and obesity.

Jo sﬂmn ROMAN-JUAN ET AL.
All statistical analyses were conducted using STATA 14 TABLE 1 Sample descriptives
(StataCorp.). Age Mean: 13.67 years (SD: 1.65years)
N %
3 | RESULTS Age groups 11years old 130,257 30.79
L. 13years old 143,610 33.94
3.1 | Sample characteristics 15years old 49225 3527
As noted previously, we first removed data belonging Sex Females 216,706 3122
to participants from the two non-European countries Males 2L 48.78
(n = 54,332), from the 10 European countries that did not Year of survey 2002 107,791 25.48
participate in the four waves that are the focus of this study 2006 108,842 25.73
(n = 115,373) and from the five European countries that 2010 102,687 24.27
did not provide data on each variable of interest for each of 2014 103,772 24.53
the four survey waves (n = 78,705). Data from the remain- Country or Belgium (Flemish) 16,508 3.90
ing respondents who had not provided answers to all the region of Belgium (French) 12,390 2.93
study variables were also removed (n = 130,146). Thus, residence Croatia 19.231 A5S
the final sample consisted of 423,092 adolescents (52.77% N L4882 259
of the total/initial sample) from 27 European countries or ’ ’
regions (Mg, = 13.67; SD, = 1.65; Range = 10.16-17.16; England 8837 209
girls = 51.21%). As shown in Table 1, there was a similar Estonia 14,702 347
sample size amongst the four survey waves and the age- Finland 21,080 4.98
and sex-related groups. Table 2 provides an overview of France 22,588 5.34
the prevalence of screen time, obesity and chronic back Germany 19,035 4.50
pain across the 4 survey years. Greece 15,381 3.64
Hungry 14,485 3.42
3.2 | Regression analysis freland fos2 Lo
Israel 14,526 343
Logistic regression analysis showed a significant albeit Italy 14,980 354
small linear increase over time (i.e. survey year) in screen Latvia 15,500 3.66
time ( = 0.059; p <0.001; 95%IC = 0.035-0.085) and obe- Lithuania 15,335 3.62
sity (8 = 0.025; p <0.001; 95%IC = 0.012-0.038). Netherlands 14,331 3.39
Results for chronic back pain are presented in Table 3. Macedonia 14,621 3.46
Logistic regression analysis showed a linear increase over Ballericl 19,009 4.49
time in the prevalence of chronic back pain (Model 1), and Fi 13.578 101
screen time and obesity were associated with an increased Russian Federation 22,072 o
likelihood of chronic back pain (Model 2). In addition, by
. . . Scotland 8600 2.03
adding screen time and obesity to the model, the survey
year effect was slightly reduced but remained significant o) L2000 s
(Model 2). Results of the interaction effect between screen Spain 21,264 5.03
time and obesity (Model 3) did not emerge as significant; Sweden 17,921 4.24
therefore, they are not reported here. Switzerland 19,681 4.65
Table 4 displays the mediation of the association be- Wales 9903 234

Table 5 displays the analysis disentangling the medi-
ating effects of screen time and obesity on the trend in
chronic back pain. The contribution of each mediator to
the indirect effect is displayed in the ‘Indirect effect’ col-
umn, and the column labelled ‘Confounding percentage’
shows how much the effect of time (i.e. survey year) is due
to each mediator.
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TABLE 2 Prevalence of screen time,

2002 2006 2010 2014
obesity and chronic back pain across the
four survey waves Mean screen hours per 3.99 (2.40) 5.58 (3.66) 6.05 (3.87) 6.40 (4.28)
day (SD)
Screen time (% 80.18 87.77 89.76 88.59
exceeding 2 h/day)
BMI (mean; SD) 19.13(3.22)  19.39(3.29)  19.50(3.39)  19.56 (3.46)
Obesity (% PC>97) 4.02 4.45 5.18 5.25
Back pain (%)
Rarely or never 65.05 64.27 62.26 59.04
About every month 16.89 16.83 17.84 18.76
About every week 7.72 7.81 8.46 9.26
More than once a 5.82 6.08 6.22 7.07
week
About every day 4.52 5.00 5.22 5.87
Chronic back pain (%)  18.06 18.89 19.90 22.20

Abbreviation: BMI, body mass index.

TABLE 3 Association between survey year, screen time, obesity and chronic back pain

Model 1 Model 2
p 95%CI p-value p 95%CI p-value
Survey year 0.021 0.015-0.027 <0.001 0.019 0.014-0.026 <0.001
Screen time (ref = less than 2 h/day) 0.125 0.075-0.175 <0.001
Obesity (ref = nonobese) 0.314 0.258-0.370 <0.001
Note: Findings adjusted for sex and age.
TABLE 4 Decomposition of the total effects of the survey year 4 | DISCUSSION
on chronic back pain
B (95% CI) p-value The key finding of this study is that the rising trends in
Survey vear sedentary screen time and obesity are slightly associated
. yly 0021 (0.015-0.02 0.001 with an increase in the prevalence of chronic back pain
t X .015-0.027 <0. .

(_) & ( ) in European adolescents. The data showed that sedentary
Direct 0.019 (0.014-0.026) <0.001 screen time accounted for up to 3.98% of the variance in the
Indirect 0.001 (0.000-0.002) <0.001 upward trend of chronic back pain, and obesity accounted

Components of the difference for up to 1.65%. These results are consistent with those
B(S.E) from previous studies showing positive significant asso-

Screen time 0.0008412 (0.000245) ciations between back pain in adolescents and both screen
Obesity 0.0003485 (0.000092) time (e.g. Bento et al., 2020; Keane et al., 2017; Lemes

et al., 2021; Silva et al., 2017; Torsheim et al., 2010) and

obesity (e.g. Hershkovich et al., 2013; Hestbaek, Leboeuf-

Yde, & Kyvik, 2006; Hestbaek, Leboeuf-Yde, Kyvik, &

TABLE 5 The contribution of screen time and obesity on the Manniche, 2006; Palmer et al., 2020; Paulis et al., 2014).

trend of chronic back pain The results of this study confirm and extend preliminary
Indirect effect St findings with a wider, international and heterogeneous
(%) percentage (%) sample of adolescents.

These findings have relevant public health and eco-
nomic implications. If the trend for increasing obesity
and sedentary screen time in adolescents keeps growing,
Note: Findings adjusted for sex and age. as reported by recent studies (e.g. Ghekiere et al., 2018;

Note: Findings adjusted for sex and age.

Screen time 70.71 3.98
Obesity 29.29 1.65
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Inchley et al., 2017), then is more likely that the num-
ber of adolescents with chronic back pain will also in-
crease. In this event, an increase in adults with chronic
back pain could also be anticipated, given that adoles-
cents with a history of back pain are more likely to have
back pain in their adulthood (Brattberg, 2004; Hestbaek,
Leboeuf-Yde, & Kyvik, 2006; Hestbaek, Leboeuf-Yde,
Kyvik, & Manniche, 2006; Jeffries et al., 2007). If the
findings are confirmed in future studies, this growing
trend in the prevalence of chronic back pain in ado-
lescents (and adults) will contribute to an increase of
needed resources at the education, health and economic
levels of the European countries and regions. Indeed,
more healthcare professionals and specialized treat-
ment programmes will be required to meet the needs of
the growing number of individuals with chronic back
pain. When implemented, these actions will lead to a
greater demand for economic resources to address the
increase in spending.

The findings of this study provide additional support
for the importance of implementing public health mea-
sures to reduce sedentary screen time and prevent obe-
sity in youth. In this regard, the promotion of a more
physically active lifestyle amongst adolescents is cru-
cial. The benefits of regular moderate-to-vigorous phys-
ical activity for adolescents are numerous, including a
decrease in depressive symptoms, reduced blood pres-
sure and obesity and increased bone mineral density
(Janssen & LeBlanc, 2010). Despite the limited research
in this field, a recent systematic review of observational
studies found moderate evidence for a U-shape rela-
tionship between physical activity and low back pain in
children and adolescents (Kedra et al., 2020), suggesting
the possibility that a moderate level of physical activ-
ity has a protective effect against low back pain (Kedra
et al., 2020). In fact, regular physical activity, in addition
to postural education and hygiene, and engagement in
formal physical therapy exercises have been suggested
for the treatment and prevention of low back pain in
children and adolescents (Landry et al., 2015). However,
the extent to which these interventions prevent back
pain in younger samples needs to be more systemati-
cally studied.

This study has several limitations that must be con-
sidered when interpreting the results. First, the data
available for the current analyses were limited to just a
few of the many factors that are thought to contribute to
the complex experience that is chronic back pain. The
fact that both the rising prevalence in sedentary screen
time and obesity only accounted for a small part of the
increase in the prevalence of chronic back pain amongst
the participants indicates that there are other unmea-
sured variables which are important. We now know that

the rates of mental health problems and sleep difficulties
amongst children and adolescents have been increasing
in the last decades (Collishaw, 2015; Fleming et al., 2014;
Ghekiere et al., 2018). Research has shown that both of
these are risk factors of back pain in children and ad-
olescents (Beynon et al., 2019; Kamper et al., 2016).
Additional research to evaluate the role of these and
other factors play in back pain is needed. Second, this
study is based on cross-sectional data, which enables us
to only establish associations amongst variables but not
causation. Indeed, it could be argued that the increase in
time spent in sedentary screen-based activities is a con-
sequence of the increase in the prevalence of chronic
back pain, which, in turn, may facilitate weight gain and
obesity. Therefore, longitudinal studies examining the
temporal sequence, which is a necessary condition to es-
tablish causal relationships, are needed to determine the
direction of the effects. Third, the study only used self-
reported measures to assess screen time, body height
and body weight, and chronic back pain. Self-report
measures are known to be influenced by social desirabil-
ity and recall bias. Although self-reported information
about these variables is also known to have acceptable
validity and reliability (Aasvee et al., 2015; Bobakova
et al., 2015; Haugland & Wold, 2001; Liu et al., 2010;
Rey-Lopez et al., 2010; Schmitz et al., 2004), research
that also included objective measures of these variables
would help to increase overall trust in the findings.

Despite the study's limitation, this is the first study to
our knowledge that examines the explanatory role of two
specific factors in the rising trend of chronic back pain,
using a representative sample of European adolescents.
In addition, the finding that both increases in sedentary
screen time and obesity are slightly associated with the
rising rates of chronic back pain in this population pro-
vides important new information that may be useful for
policymakers, healthcare professionals and researchers,
as we work to evaluate and improve public health mea-
sures that can reduce the prevalence and impact of low
back pain in adolescents.
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Increases in Sleep Difficulties and Psychological
Symptoms are Associated With the Increase of Chronic
Back Pain in Adolescents: The HBSC Study 2002 to 2018
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Abstract: Cross-national research using data from the Health Behavior in School-aged Children
(HBSC) survey showed an increase in the prevalence of chronic back pain from 2002 to 2014.
However, it is unknown if this trend has persisted beyond 2014. The aims of this study were to 1)
determine if the prevalence of chronic back pain in girls and boys aged 11, 13, and 15 continued to
increase from 2014 to 2018 and if this was the case, 2) examine whether this increase in the pre-
valence of chronic back pain between 2002 and 2018 was explained indirectly by increases in sleep
difficulties and psychological symptoms. Data from 7,89,596 adolescents retrieved from 5 waves of
the HBSC survey conducted in 2002, 2006, 2010, 2014, and 2018 in 32 countries/regions were used.
Logistic regressions and path analyses were conducted. Results showed an overall increase of .5% in
the prevalence of chronic back pain between 2014 and 2018, ranging from .4% for 15-year-old girls to
1.3% for 11-year-old boys, indicating a continued overall increase in chronic back pain in adolescents
beyond 2014. For 13-year-old girls and for 15-year-old girls and boys, the increase in the prevalence
of chronic back pain between 2002 and 2018 was partially mediated by increases in sleep difficulties,
which in turn were associated with increases in psychological symptoms. The findings provide
important information that may aid stakeholders in enhancing public health initiatives to prevent or
reduce the increasing trend in the prevalence of chronic back pain in adolescents.

Perspective: This study shows that chronic back pain prevalence continues to increase among
adolescents, with sleep difficulties and psychological symptoms contributing significantly to this
trend. The findings provide insights that may inform strategies to prevent or reduce the increasing
trend of chronic back pain in adolescents.

© 2023 © Published by Elsevier Inc. on behalf of United States Association for the Study of Pain, Inc All
rights reserved.

Key Words: Chronic back pain, prevalence, adolescents, sleep difficulties, psychological symptoms

everyday functioning of adolescents."? Further- economic impact®” and is associated with a greater risk

B ack pain can have negative effects on the chronic course, which incurs a significant negative
more, back pain in adolescents can take a of impairment into adulthood.”
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Research has shown that the prevalence of chronic back
pain among adolescents has increased over the past few
decades. For example, a study conducted by Roy et al®
using data from the Health Behavior in School-aged Chil-
dren (HBSC) study reported an increase of 3% in the pre-
valence of chronic back pain among adolescents from 2002
to 2014. This increase was especially higher in girls and
older adolescents.® However, it is not known if the in-
creasing trend in the prevalence of chronic back pain has
persisted beyond 2014. Providing updated estimates of
chronic back pain is important given its association with
disability, decreased quality of life, and increased
health care costs both in adolescents and adults.”*’""*
Furthermore, if the prevalence of chronic back pain has
increased since 2014, then it would be important to iden-
tify the factors that are contributing to this increase. This
knowledge could be used by policymakers and other sta-
keholders interested in the development and im-
plementation of preventive and treatment strategies for
chronic back pain in this population.

In a recent study, we found that increases in time
spent in sedentary screen-based activities (eg, playing
computer games or using a smartphone) and obesity
between 2002 and 2014 were significantly associated
with the increase in the prevalence of chronic back pain
across the 12-year period.’ However, these increases in
sedentary screen-based activities and obesity only ac-
counted for 5% of the variance of the increase in back
pain prevalence. There are clearly other factors that are
playing a role in this increase. Two possible factors could
be an increase in sleep disturbances and psychological
symptoms. In relation to this, research has shown that
both sleep difficulties’® and psychological symptoms
(eg, psychological distress'®'®) have increased over the
last few decades. Furthermore, a substantial body of
evidence suggests that sleep disturbance is a robust
predictor of future pain-related issues,'”?* and that
psychological symptoms could mediate this relation-
ship.?*?® It is important to test whether increases in
sleep difficulties and psychological symptoms are asso-
ciated with increases in chronic back pain prevalence,
given that both factors are potentially amenable to in-
terventions. Furthermore, to fully understand these re-
lationships, it is essential to examine these associations
while considering the variations in the prevalence of
these problems by sex and age.?**?

Given these considerations, this study had 2 aims. First,
using data from the international HBSC survey collected
during the 5 most recent waves (2001/2, 2005/6, 2009/10,
2013/14, and 2017/18), we examined if the overall pre-
valence of chronic back pain in adolescent girls and boys
aged 11, 13, and 15 continued to increase from 2014 to
2018. Second, if an increase in the prevalence of chronic
back pain was identified, we examined if the increase in
the prevalence of chronic back pain from 2002 to 2018 was
explained indirectly by the increase in sleep difficulties and
increases in psychological symptoms. Based on previous
research, we hypothesized that 1) the overall prevalence of
chronic back pain among adolescent girls and boys aged
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11, 13, and 15 in 2018 would be significantly higher than in
2014 and that 2) over the 16-year time period, increases in
sleep disturbance would be associated with increases in
psychological symptoms, which in turn would be associated
with the increase in prevalence of chronic back pain.

Methods
Study Design, Setting, and Sample

The HBSC study is a collaborative cross-sectional study
conducted by the World Health Organization in multiple
countries and regions of Europe and North America. The
study was conducted at 4-year intervals beginning in 1983
to 1984, with the objective of obtaining data on the health
behaviors and well-being of adolescents utilizing a stan-
dardized research protocol. Participating countries collect
data from independent, nationally representative samples
of boys and girls aged 11, 13, and 15 years, using multi-
stage stratified random cluster sampling, with school
classes or schools as the sampling unit. Participation in the
study is voluntary and anonymous, and data are collected
through standardized self-administered questionnaires
administered in classrooms. The survey was conducted after
obtaining approval from an ethics review board or a
country/region-specific regulatory body in each partici-
pating country. Ethical consent procedures were followed,
and institutional consent was obtained based on local re-
quirements from schools, parents, and adolescents, either
through active or passive informed consent/assent. Only
consenting adolescents whose parents did not object were
included in the study. Additional information about the
methodology of the HBSC study can be found else-
where.**3*

For the purposes of this study, only countries that pro-
vided data on back pain, psychological symptoms, and
sleep difficulties in each of the 5 most recent waves of the
HBSC study (ie, 2001/2, 2005/6, 2009/10, 2013/14, and 2017/
18) were included. With these restrictions, we were able to
use data from 8,26,563 participants from 32 different
countries/regions (including Austria, Belgium Flemish,
Belgium French, Canada, Croatia, Czech Republic,
Denmark, England, Estonia, France, Germany, Greece,
Greenland, Hungary, Ireland, Israel, Italy, Latvia, Lithuania,
Macedonia, Netherlands, Norway, Poland, Portugal, Russia,
Scotland, Slovenia, Spain, Sweden, Switzerland, Ukraine,
and Wales). Five percent (36,967) of the participants were
excluded because of missing data, leaving data from
7,89,596 children and adolescents available for the current
analyses. The characteristics of the sample are presented in
Table 1.

Variables and Measures

Independent Variable

Survey year. The variable representing the time of
assessment was the survey year (ie, 2001/02, 2005/06,

2009/10, 2013/14, and 2017/18). To create a continuous
variable, a value of 1 was assigned to the survey year
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Table 1. Description of the Study Sample
(Weighted Estimates; N = 7,89,596)

VARIABLE NIm %/sp

Survey year

2002 1,44,870 18.4
2006 1,56,442 19.8
2010 1,59,493 20.2
2014 1,61,142 20.4
2018 1,67,649 21.2
Sex
Boys 3,84,022 48.8
Girls 4,05,574 51.2
Age
11-year-olds 2,55,603 324
13-year-olds 2,71,973 34.3
15-year-olds 2,62,019 333
Socioeconomic status*
Low 1,30,488 17.3
Medium 4,63,669 61.7
High 1,56,084 21.0
School pressure’ 2.26 03
Sleep difficulties 1.10 .05
Psychological symptoms 3.75 1
Chronic back pain
Yes 1,61,718 20.5
No 6,27,878 79.5
Country/region of residence
Austria 21,215 2.7
Belgium Flemish 22,988 29
Belgium French 23,248 29
Canada 49,771 6.3
Croatia 25,355 3.2
Czech Republic 29,778 3.8
Denmark 20,760 2.6
England 22,052 2.8
Estonia 21,157 2.7
France 35,046 4.4
Germany 27,534 35
Greece 19,876 2.5
Greenland 4,764 .6
Hungary 19,561 2.5
Ireland 19,552 2.5
Israel 26,698 34
Italy 20,970 2.7
Latvia 21,204 2.7
Lithuania 25,559 3.2
Macedonia 16,427 2.1
Netherlands 21,483 2.7
Norway 19,789 2.5
Poland 25,297 32
Portugal 21,187 2.7
Russia 29,374 3.7
Scotland 27,386 3.5
Slovenia 24,720 3.1
Spain 33,360 4.2
Sweden 25,900 33
Switzerland 29,129 3.7
Ukraine 25,062 3.1
Wales 33,394 4.2

NOTE. Sample size varies due to nonresponses.
SD, Standard deviation.

“n = 7,50,241 (missing = 39,355).

n = 7,74,952 (missing = 14,644).
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2002 and incremented the value by 1 for each
subsequent survey year, up to a value of 5 for the
survey year 2018.

Dependent Variable and Mediator Variables

Chronic back pain, psychological symptoms, and
sleep difficulties. The information regarding the
experience of chronic pain, back pain, psychological
symptoms, and sleep difficulties was extracted from the
HBSC symptom checklist (HBSC-SCL).>> With the HBSC-
SCL, participants are asked to respond to the question
“In the last 6 months, how often have you had the
following...?"” with respect to 8 different symptoms
using a 5-point scale (1 = "About every day,”
2 = "More than once a week,” 3 = “About every
week,” 4 = "About every month,” and 5 = “Rarely or
never”). Four of the items assess somatic symptoms (ie,
headache, stomach ache, backache, and feeling dizzy),
and 4 items assess psychological symptoms (ie, feeling
low, irritability or bad temper, feeling nervous, and
sleep difficulties®® ). We used responses to the item
assessing back pain and the 4 items assessing
psychological symptoms to address the study's aims.
On the basis of prior research using the HBSC-SCL,*"*
adolescents who reported having back pain weekly or
more often over the last 6 months were considered to
have chronic back pain. In addition, we grouped the
items of “feeling low,” “irritability or bad temper,” and
“feeling nervous” as a single, composite measure of
psychological symptoms based on prior research
showing that these 3 items, in addition to “sleep
difficulties,” provide a single valid measure of
psychological health in school-aged children.® For the
purposes of the current study, and following
Vandendriessche et al's®® procedure, the item
assessing sleep difficulties was left out from the
measure of psychological symptoms, allowing sleep to
be assessed as a domain distinct from psychological
function. In the current sample, the measure of
psychological symptoms after leaving out the sleep
difficulties item showed a slightly better internal
consistency (as reflected by Cronbach’s alpha) moving
from a = .74 to a = .76. Response categories of the items
conforming the measures of psychological symptoms
(ie, feeling low, irritability or bad temper, and feeling
nervous) and sleep difficulties were reverse recorded
(0-4) so that higher scores indicated a higher frequency
of each symptom; that is, worse psychological function
and more sleep difficulties. A total score for the
psychological symptoms measure was created by
summing the responses to each item (range 0-12).

Confounders

Socioeconomic status. Socioeconomic status was
assessed using the Family Affluence Scale (FAS). This
instrument has been updated through survey years of
the HBSC study to account for the changing societal
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patterns of consumption and lifestyles of families and
adolescents. In survey years 2002 to 2014, the FAS-II
version®® was used. This version includes 4 items asking
about the number of cars and computers in the
household, whether adolescents have their own
bedroom, and the number of overseas holidays taken.
In survey years 2014 and 2018, the FAS-II1°C was used.
This version includes 2 additional items regarding the
number of bathrooms and whether adolescents have a
dishwasher at home. For both versions of the FAS, the
sum of these scores was transformed into proportional
ranks, indicating the relative family affluence of the
adolescents in their residential country. By this method,
young people were categorized into groups of the
lowest 20% (low affluence), middle 60% (medium
affluence), and highest 20% (high affluence) within
each country and region.

School pressure. Participants were asked to respond the
question “How pressured do you feel by the schoolwork
you have to do?” with response options being 1 = “not at
all” 2 = "alittle” 3 = “some” and 4 = "“a lot.” The responses
were recorded from 0 to 3, with a higher score indicating
more perceived school pressure.'’

Data Analyses

We first computed percentages, means, and standard
errors of the 3 variables of interest (ie, chronic back
pain, sleep difficulties, and psychological symptoms)
across the 5 measurement periods (ie, 2001/2, 2005/6,
2009/10, 2013/14, and 2017/18). We then fitted 2 linear
regression models, 1 with sleep difficulties as the cri-
terion variable and 1 with psychological symptoms as
the criterion variable, to evaluate the statistical sig-
nificance of the observed increases between 2002 and
2018 in both conditions. In both, the survey year was
introduced as the independent variable. Then, to test
the first study hypothesis (ie, that the prevalence of
chronic back pain has continued to increase past 2014),
we compared the prevalence of chronic back pain in
2014 with the prevalence of chronic back pain in 2018
using logistic regression analysis. In the event that the
first hypothesis was supported, we planned to conduct a
path analysis to test if the increase in the prevalence of
chronic back pain from 2002 to 2018 was explained in-
directly by increases in sleep difficulties, which, in turn,
may be associated with increases in psychological
symptoms (ie, a serial mediation analysis). This approach
is consistent with those taken by prior studies in this
area that have used survey years as a predictor variable
in mediation analyses, demonstrating its usefulness in
examining trends over time.'* "7

Path analysis establishes a structural model by postu-
lating predetermined hypothesized relationships among
variables and utilizes a sequence of multiple regression
analyses to statistically represent and analyze the specified
pathways. Although path analysis suggests the presence
of a causal relationship, the directionality of the re-
lationship cannot be established in cross-sectional designs,
such as the one used in this study, due to the possibility of
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causal influence in the opposite direction or the presence
of unmeasured third variables. Therefore, the current
study used path analysis to test whether the data aligned
with the hypothesis but could not draw definitive con-
clusions about the direction or timing of the effects.

In this path analysis, the survey year was entered as the
independent variable, sleep difficulties as the first med-
iator, psychological symptoms as the second mediator,
and chronic back pain as the dependent variable. Survey
year, sleep difficulties, and psychological symptoms were
entered as continuous variables, whereas chronic back
pain was entered as a dichotomous variable. A bootstrap
estimation approach with 10,000 samples was used to
examine the hypothesized indirect pathways. To address
the effects of potential confounders, path analyses were
adjusted for participants’ socioeconomic status and school
pressure. All analyses were stratified by sex/age subgroups
(ie, 11-, 13-, and 15-year-old boys and girls). Cluster robust
standard errors (adjusting for adolescents being nested
within countries) and survey weights were used to ac-
count for the complex sampling method. A 2-tailed sig-
nificance level of P < .05 was defined as statistically
significant. Specific model fit indices are reported, in-
cluding the Root Mean Square Error of Approximation
(RMSEA), the Standardized Root Mean Square Residual
(SRMR), and the Comparative Fit Index (CFl). A good fit is
typically indicated by RMSEA values less than .06, SRMR
values less than .08, and CFl values greater than .90.% List-
wise deletion was used to handle missing data. All ana-
lyses were conducted using STATA 14 (StataCorp; College
Station, TX).

Results

Differences in the Prevalence of Chronic
Back Pain Between 2014 and 2018

Table 2 provides an overview of the prevalence of
chronic back pain across the 5 survey waves. As can be
seen, the overall prevalence of chronic back pain in 2018
was slightly higher (22.2%) than the prevalence of
chronic back pain in 2014 (21.6%). This increase in the
prevalence of chronic back pain between 2014 and
2018, albeit small, was statistically significant across all
subgroups considered and ranged from .4% for 15-year-
old girls to 1.3% for 11-year-old boys.

Increases in Sleep Difficulties and
Psychological Symptoms Between 2002
and 2018

Table 3 provides an overview of the frequency of
sleep difficulties and psychological symptoms across the
5 survey waves. Results from the linear regression ana-
lyses indicated that both the overall frequency of sleep
difficulties (b = .018, standard error (SE) = .004, t = 4.50,
P < .001) and psychological symptoms (b = .020,
SE =.002, t = 10.94, P < .001) increased from 2002 and
2018. The findings showed that whereas the increase in
the frequency of sleep difficulties was consistent for all
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Table 2. Prevalence of Chronic Back Pain Over Survey Years With Standard Errors (Weighted

Estimates)
PREVALENCE (%) 2014 (rer) vs 2018 2002 10 2018
2002 2006 2010 2014 2018 R 95% a P 8 95% a P
Total 18.38 (.01) 19.41(.01) 20.47 (.01) 21.59(.01) 22.16(.01) 1.05 1.03t01.07 <.001 .015 .01to .02 <.001
Subgroups
11-year-olds
Girls 14.86 (.01) 15.26 (.01) 15.90 (.01) 16.23(.01) 17.03(.01) 1.06 1.01to 1.11 .017 .010 .004 to .02 .001
Boys 13.04 (.01) 13.72(.01) 14.06 (.01) 13.87 (.01) 15.18 (.01) 1.11 1.05t0 1.17 <.001 .010 .002 to .02 .010
13-year-olds
Girls 19.99 (.01) 20.84 (.01) 21.45(.01) 24.45(.01) 24.97(.01) 1.04 1.01to 1.07 .020 .019 .01to .02 <.001
Boys 16.83 (.01) 17.30(.01) 17.94 (.01) 18.04 (.01) 19.24(.01) 1.08 1.03to0 1.13 .001 .010 .002 to .02 .012
15-year-olds
Girls 24.92 (.01) 26.82(.01) 29.42 (.01) 32.09 (.01) 32.54(.01) 1.03 1.02to 1.05 .032 .024 .02 to .03 <.001
Boys 20.80 (.01) 21.46 (.01) 23.02 (.01) 23.67 (.01) 24.38(.01) 1.04 1.02to 1.09 .001 .013 .007 to .02 <.001

Cl, confidence interval; OR, odds ratio.

Table 3. Mean of Sleep Difficulties and Psychological Symptoms Over Survey Years With Standard
Errors (Weighted Estimates) and Linear Trends

MEAN 2002 10 2018
2002 2006 2010 2014 2018 B P
Sleep difficulties (robust SE)
Total .97 (.04) .99 (.05) 1.08 (.05) 1.15 (.06) 1.30 (.05) .021 <.001
Subgroups
11-year-olds
Girls 1.01 (.06) .98 (.06) 1.09 (.06) 1.10 (.06) 1.32 (.06) .019 <.001
Boys .94 (.06) .91 (.05) .98 (.05) 1.02 (.05) 1.21 (.05) .016 <.001
13-year-olds
Girls 1.03 (.05) 1.06 (.06) 1.18 (.06) 1.29 (.07) 1.46 (.05) .027 <.001
Boys .85 (.04) .86 (.04) .95 (.04) .98 (.05) 1.14 (.04) .018 <.001
15-year-olds
Girls 1.23 (.05) 1.18 (.06) 1.30 (.06) 1.45 (.07) 1.55 (.05) .028 <.001
Boys .84 (.04) .90 (.04) .98 (.05) 1.05 (.05) 1.14 (.04) .019 <.001
Psychological symptoms (robust SE)
Total 3.76 (.13) 3.65 (.14) 3.53 (.12) 3.69 (.10) 4.09 (.10) .019 .001
Subgroups
11-year-olds
Girls 3.42 (12) 3.23 (.14) 3.19 (.12) 3.19 (112) 3.52 (\11) .004 436
Boys 3.08 (.13) 2.88 (.12) 2.78 (1) 2.76 (\11) 3.16 (\11) .003 632
13-year-olds
Girls 4.23 (.15) 4.15 (.15) 4.03 (.13) 4.37 (.12) 4.82 (.11) .036 <.001
Boys 3.33(.13) 3.18 (.\12) 3.07 (.11) 3.04 (.10) 3.51 (11) .007 164
15-year-olds
Girls 4.85 (.18) 4.83(.17) 4.63(.16) 5.20 (.11) 5.64 (.12) .050 <.001
Boys 3.58 (.14) 3.47 (13) 3.33(.12) 3.42 (.10) 3.84 (.12) .013 .041

SE, standard error.

subgroups considered, the increase in the frequency of
psychological symptoms was statistically significant only
for 13-year-old girls and 15-year-old boys and girls.
Based on these results, 3 path analyses were conducted
to test the second study hypothesis: 1 for 13-year-old
girls, 1 for 15-year-old girls, and 1 for 15-year-old boys.

Path Analysis

Fig 1 presents path coefficients of the model for the in-
crease in the prevalence of chronic back pain between 2002
and 2018 for 13-year-old girls and for 15-year-old girls and
boys. As can be seen, the path from survey year to sleep

difficulties was statistically significant for all subgroups
considered (13-year-old girls: B = .024, SE = .002, P < .001;
15-year-old girls: B = .025, SE = .002, P < .001; 15-year-old
boys: B =.018, SE =.002, P < .001), indicating a significant
increase in sleep difficulties between 2002 and 2018. Fur-
thermore, more sleep difficulties were significantly asso-
ciated with more frequent psychological symptoms (13-
year-old girls: B = .844, SE =.029, P < .001; 15-year-old girls:
B = .854, SE = .025, P < .001; 15-year-old boys: B = .858,
SE = .034, P < .001) which, in turn, were significantly as-
sociated with a higher prevalence of chronic back pain (13-
year-old girls: B=.167, SE =.006, P < .001; 15-year-old girls:
B =.155, SE = .006, P < .001; 15-year-old boys: B = .189, SE



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN

AND ADOLESCENTS
Josep Roman Juan

6 The Journal of Pain

Psychological Symptoms, Sleep Difficulties, and Pain

A)
Survey 0.0077(0.003) Chronic
year back pain
.. 0.008 (0.006)
0.024 (0.002) 0.181%(0.011)
' ' 0.1677(0.006)
A
Sleep | Psychological
difficulties | 0.844 (0.029)' symptoms
B)
Survey 0.0127(0.003) Chronic
year back pain
0.024 (0.006)
0.1777(0.010)
0.025(0.002)
0.1557(0.006)
Sleep | Psychological
difficulties | 0.854 (0.025) symptoms
Q)
Survey 0.0067 (0.003) Chronic
year back pain
\ - 0.001 (0.005)
0.2197(0.012)
0.018 (0.002)
0.189" (0.006)

Sleep

T

Psychological

difficulties | 0.858 (0.034)[ symptoms

Figure 1. Path analysis testing whether the increase in the prevalence of chronic back pain from 2002 to 2018 was explained indirectly by
the increase in the frequency of sleep difficulties, which, in turn, were associated with increases in the frequency of psychological symptoms
for 13-year-old girls (A) and for 15-year-old girls (B) and boys (C). Black solid lines indicate significant direct paths (P < .05). The gray dotted
line indicates nonsignificant direct path (P > .05). Note. 1IRegression coefficients are on a log-odds metric.

=.006, P < .001). The indirect pathway from survey year to
psychological symptoms was statistically significant for all
subgroups considered (13-year-old girls: B = .020, SE = .002,
95% confidence interval (Cl) = .017-.024, 10,000 bootstrap
resamples, P < .001; 15-year-old girls: B = .022, SE =;.002,
95% Cl =.018-.025, 10,000 bootstrap resamples, P < .001;
15-year-old boys: B = .016, SE = .002, 95% CI = .012-.019,
10,000 bootstrap resamples, P < .001), indicating that in-
creases in sleep difficulties mediated the increase in psy-
chological symptoms over time. This mediation effect was
found to be total for 13-year-old girls and 15-year-old boys
and partial for 15-year-old girls. The indirect pathway from
survey year to chronic back pain through sleep difficulties
and psychological symptoms was statistically significant (13-
year-old girls: B = .003, SE = .0003, 95% Cl = .003-.004,
10,000 bootstrap resamples, P < .001; 15-year-old girls:

B =.003, SE = .0003, 95% Cl = .003-.004, 10,000 bootstrap
resamples P < .001; 15-year-old boys: B = .003, SE = .0003,
95% Cl = .002-.004, 10,000 bootstrap resamples P < .001),
hence supporting the purposed model for the increase in
the prevalence of chronic back pain between 2002 and
2018. Overall model fit indices indicated a good fit for all
models (13-year-old girls: RMSEA = .00, SRMR = .00,
CFl = 1.00; 15-year-old girls: RMSEA = .00, SRMR = .00,
CFl = 1.00; 15-year-old boys: RMSEA = .00, SRMR = .00,
CFl = 1.00).

Conclusions

This large cross-sectional study combined data from
7,89,596 adolescents from 32 countries over 16 years
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(2002-2018) to determine 1) if there was a continued
increase in the overall prevalence of chronic back pain
in adolescents from 2014 to 2018 considering sex and
age; and 2) if the increase in the prevalence of chronic
back pain from 2002 to 2018 was explained indirectly by
the increase in the frequency of sleep difficulties and
psychological symptoms.

The study findings confirmed a small increase of .5% in
the prevalence of chronic back pain among adolescents
between 2014 and 2018. This increase ranged from .4% for
15-year-old girls to 1.3% for 11-year-old boys and indicated
that the prevalence of chronic back pain has continued
increasing in this population beyond 2014. Overall, the
data suggest that the prevalence of chronic back pain in
this population has increased by 4% in the last 2 decades,
with 22% of adolescents in 2018 reporting chronic back
pain compared to 18% in 2002. This is a concerning
finding, given the abundance of evidence that chronic pain
conditions—and chronic back pain in particular—in ado-
lescents impose a significant economic burden on
health care systems.>*** Moreover, it is well-documented
that back pain or low back pain in adolescents is positively
associated with back pain in adulthood,***® which is the
leading cause of disability worldwide.®'* Therefore, if the
findings reported here are replicated, it could be antici-
pated that the negative economic impact associated with
this condition, both in adolescents and adults, will also in-
crease. That said, however, the findings also suggested that
the rate of increase in the prevalence of chronic back pain
between 2014 and 2018 was lower than increases in prior
successive waves of the HBSC study—for example, from
19.4% to 20.5% between 2006 and 2010; from 20.5% to
21.6% between 2010 and 2014. In any case, the findings
support the importance of continuing to monitor the
trends in back pain prevalence rates in children and, if
possible, take steps to reduce this prevalence.

Consistent with the second study hypothesis, the findings
also showed that for girls aged 13 and for girls and boys
aged 15, the increase in the prevalence of chronic back
pain between 2002 and 2018 was partially indirectly ex-
plained by the increase in the frequency of sleep difficul-
ties, which were associated with increases in the frequency
of psychological symptoms. This finding is consistent with
research indicating that sleep problems are a prospective
predictor of chronic pain problems,'®?"?? and that psy-
chological symptoms may serve as mediators in this asso-
ciation.?*?®?® Moreover, these results provide valuable
insights into the potential mechanisms underlying the in-
crease in the prevalence of chronic back pain in adoles-
cents, particularly in girls and older adolescents. However,
while the results confirmed the study hypotheses, it is im-
portant to exercise caution in interpreting the findings due
to the divergent temporal trends observed in chronic back
pain, sleep difficulties, and psychological symptoms. While
the frequency of sleep difficulties and the prevalence of
chronic back pain exhibited a consistent upward trend
across survey waves, the frequency of psychological symp-
toms displayed a different pattern. It is worth noting
that psychological symptoms are influenced by various
contextual and individual factors that were not measured
in the current study. These factors could potentially
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contribute to the observed fluctuations or the absence of a
steady increase in psychological symptoms. For example, a
recent study examining temporal over time bullying victi-
mization—which has been associated with poor mental
health outcomes in adolescents*’—reported a general de-
crease in bullying victimization rates across several coun-
tries over time. This could partially explain the findings of
this study. This possibility should be tested in future studies.

Based on these findings as a group, it is possible that
if the upward trends in sleep difficulties and psycholo-
gical symptoms continue,'>'® the prevalence of chronic
back pain is likely to increase. This is particularly re-
levant in light of the recent coronavirus disease 19
(COVID-19) pandemic, as studies have shown an in-
crease in sleep problems*®**° and mental health pro-
blems such as anxiety and depressive symptoms®'>* in
children and adolescents. Furthermore, as a result of the
COVID-19 pandemic, there have been changes in daily
routines, such as increased time spent in screen time
activities,”* which has been associated with multiple
health complaints in adolescents, including back
pain.'*>>>” Taken together, the findings raise the pos-
sibility that the prevalence of chronic back pain may
have increased during the years of COVID-19 lockdown
measures,”®>? and underscore the importance of con-
tinuing to monitor back prevalence rates.

The study findings reinforce the importance of im-
plementing public health interventions to promote mental
health and prevent sleep problems in adolescents.
Considering that adolescents spend most of their waking
time in school, educational institutions are well-positioned
to play a significant role in delivering such interventions. In
this regard, whole-school interventions, that is, compre-
hensive programs or strategies that are implemented
across an entire school with collaboration and coordination
among all stakeholders within the school community, in-
cluding teachers, administrators, students, and parents,
aimed at enhancing students’ development of social and
emotional skills have shown promising results for im-
proving emotional well-being and reducing internalizing
symptoms.®® Furthermore, school-based sleep education
programs have been shown to be effective at increasing
adolescents’ sleep knowledge®' and produce short-term
benefits on sleep-related outcomes such as sleep dura-
tion.%? However, the extent to which these interventions
prevent the development of back pain and chronic back
pain or their impact on adolescents needs to be system-
atically studied.

The results of this study should be considered in light of
several limitations. First, the HBSC study data are cross-
sectional at each time point, allowing only for tests of
concurrent associations among variables; these data cannot
be used to test for and confirm causal relationships. For
example, although insufficient sleep can precede and
maintain pain, pain can also interfere with the ability to
initiate and maintain sleep.®® Therefore, and in support of
the increasing body of research suggesting a bidirectional
relationship between sleep disturbance and chronic
pain,”®?’** it could be argued that increases in sleep dif-
ficulties are a possible consequence of the increase in the
prevalence of chronic back pain. Longitudinal research is
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needed to evaluate the potential for causal relationships
between sleep, psychological function, and chronic back
pain. Second, the study was limited to the measures that
were used for the HBCS study, which only included a subset
of the many factors that are thought to contribute to the
complex experience of chronic back pain. Moreover, the
HBSC collects self-report data, which is based, at least in
part, on the respondents’ memories. Although this is the
most commonly used method in chronic pain survey stu-
dies, it may lead to overestimation of rates and associations
among study variables.®® The utilization of objective mea-
sures of sleep, such as actigraphy and polysomnography,
and the inclusion of measures of psychological symptoms
reported by multiple sources (eg, parents) would have en-
hanced the rigor of the study findings. Furthermore, our
study would also have benefitted from incorporating
other, more specific measures of psychological symptoms
such as depressive symptoms or anxiety. Future research
should include additional sources of data for assessing the
variables assessed here when possible. Additionally, while
our path analysis accounted for confounding variables as-
sociated with chronic back pain, sleep difficulties, and
psychological symptoms, it is important to note that po-
tential confounding effects of unmeasured factors, in-
cluding the influence of the delay in sleep phase/
chronotype, may still exist. The delay in sleep phase/
chronotype, which is particularly prominent during ado-
lescence, has been previously linked to psychological
symptoms, sleep difficulties, and pain in existing studies.®®*®
Therefore, the impact of this particular factor on the
observed relationships should be studied in future
research, if possible. Future research should also con-
sider the potential moderating role of adolescents' sex
when investigating the effects of sleep disturbance
on pain rather than considering it solely as a
confounding variable; there is a growing body of
evidence indicating that these effects may differ
between boys and girls.° Finally, the HBSC survey
does not collect data on self-identified race and eth-
nicity, which may prevent the generalizability of our
findings to populations with different racial and
ethnic backgrounds.

Despite the study’s limitations, the findings provide
important new information regarding the rising trend
in the prevalence of chronic back pain among adoles-
cents. Moreover, the finding that increases in sleep
difficulties and psychological symptoms are significantly
linked with the increasing rates of chronic back pain in
this population, particularly in girls and older
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Abstract \

The Graded Chronic Pain Scale (GCPS) was originally developed to grade the severity of chronic pain conditions in adults. A revised
version of this instrument (ie, GCPS-R) has been developed for use with adults to account for advances in pain metrics and new
operational definitions of chronic pain and high-impact chronic pain. The purpose of the current study was to adapt the GCPS-R for
use with pediatric samples (P-GCPS-R) and evaluate the adapted measure’s concurrent validity. One thousand five hundred sixty-
four school-aged children and adolescents (55% girls; 8-18 years) completed the P-GCPS-R and provided responses to measures
of physical health, anxiety and depressive symptoms, maladaptive pain coping strategies, and activity limitations. Results showed
that 14% of participants had chronic pain, of which 37% (5% of the whole sample) had mild chronic pain, 45% (6% of the whole
sample) bothersome chronic pain, and 18% (3% of the whole sample) high-impact chronic pain. Participants without chronic pain
and those with mild chronic pain showed no significant between-group differences in any of the study measures. Participants with
bothersome chronic pain and high-impact chronic pain reported worse physical health, more anxiety and depressive symptoms,
pain catastrophizing, and activity limitations than those with mild chronic pain. Participants with high-impact chronic pain reported
more activity limitations than those with bothersome chronic pain. The findings support the concurrent validity of the P-GCPS-R for
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1. Introduction

The Graded Chronic Pain Scale (GCPS®*) was developed to
classify the severity of pain conditions in adults and has a great
deal of evidence supporting its reliability and validity.>%'"
Moreover, several studies support the applicability and validity
of adapted versions of the GCPS to grade the severity of chronic
pain in children and adolescents. ' 18:33:37:39

Given recent advances in pain metrics as well as new
operational definitions of chronic pain and high-impact chronic
pain,®+28:35 \/on Korff et al.®® recently developed and validated a
revised version of the GCPS: the Graded Chronic Pain Scale-
Revised (GCPS-R). The GCPS-R uses 5 items to grade the
severity of chronic pain into 4 grades: “chronic pain absent”
(grade 0), “mild chronic pain” (grade 1), “bothersome chronic
pain” (grade 2), and “high-impact chronic pain” (grade 3). The
GCPS-R’s advantages over the original GCPS include simpler
test items and a simpler scoring system than the latter.®
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Furthermore, the GCPS-R allows for the identification of
individuals with chronic pain, facilitating direct comparison of
the frequencies and correlates of chronic pain in epidemiological
research,'® which is crucial to understand the prevalence and
impact of chronic pain.?

In support of the concurrent validity of the GCPS-R scores,
Von Korff et al.®® found statistically significant between-group
differences in individuals classified as having different chronic
pain grades in measures of health status, pain coping beliefs,
activity limitations, and opioid use in a sample of adults
enrolled in a healthcare plan. These differences were mostly
found between individuals with bothersome chronic pain or
high-impact chronic pain and individuals without chronic pain
or with mild chronic pain. Individuals with mild chronic pain
differed from those without chronic pain only in opioid use,
whereas activity limitations were the distinguishing factor
between individuals experiencing bothersome and high-
impact chronic pain. Based on these findings, Von Korff
et al.%® noted that more research to evaluate the concurrent
validity of the GCPS-R scores is needed, including research in
diverse populations. However, to the best of our knowledge,
no such research has been conducted with children and
adolescents.

The aims of the current study were to (1) adapt the GCPS-R
for its use with pediatric samples and to (2) evaluate its
concurrent validity in a community sample of school-aged
children and adolescents. Based on prior research in adults,3®
we hypothesized that (1) children and adolescents with mild
chronic pain would report similar levels of health, use of
maladaptive pain coping strategies, and activity limitations to

www.painjournalonline.com 1
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those without chronic pain; (2) children and adolescents with
bothersome chronic pain and high-impact chronic pain would
report significantly worse health, more use of maladaptive
coping pain strategies, and higher activity limitations than those
without chronic pain or with mild chronic pain; and (3) children
and adolescents with high-impact chronic pain would report
significantly higher activity limitations than those with bother-
some chronic pain.

2. Method
2.1. Procedure and participants

This cross-sectional study uses data from the initial assessment
of a sample of children and adolescents recruited between
February and June 2022 for their participation in the EPIDOL
project (second wave), an ongoing longitudinal epidemiological
study of pain in children and adolescents conducted in the
South East of Catalonia (Spain®¥). Data for the current analyses
were collected at 20 schools from 3 different areas that agreed
to participate in the study, which represent a 67% of the total
number of schools initially approached (n = 30). All students
aged between 8 and 18 years who were able to read, write, and
speak Spanish were eligible to participate in the study. To
participate, both the students and their parents needed to
provide informed assent and consent, respectively. Students
who met the study eligibility criteria were asked to respond a
paper-and-pencil survey while at school. The participants were
given a gym sack and a calendar valued in €3 each for their
participation. The Ethics Committee of the Universitat Rovira i
Virgili approved the study (Institut d’Investigacié Sanitaria Pere
Virgili; ref.: 136/2018).

Of the 5328 students who were eligible and invited to
participate, 1721 expressed a wilingness to participate and
received consent from their parents. Of these, 1564 (30% of
those eligible) provided complete or mostly complete data. The
data from these participants were used in the analyses for this
studly.

2.2. Variables and measures
2.2.1. Demographic variables

All participants were asked to provide information about their sex
at birth, age, and school grade.

2.2.2. Graded Chronic Pain Scale-Revised

As noted previously, the GCPS-R® classifies chronic pain
severity using 5 items. The first item aims to identify individuals
with chronic pain and asks respondents to report: “In the past 3
months, how often did you have pain?” with response options
“never,” “some days,” “most days,” and “every day.” The second
item aims to identify individuals with high-impact chronic pain
and asks respondents the following question: “Over the past 3
months, how often did pain limit your life or work activities?” with
response options “never,” “some days,” “most days,” and “every
day.” Items 3, 4, and 5 assess pain intensity and interference
over the past 7 days and are taken from the Pain, Enjoyment and
General Activities scale (PEG?°). Specifically, item 3 asks “What
number best describes your pain, on average?” Respondents
are then asked to respond to this question using a 0 to 10
Numerical Rating Scale (NRS) where O = “no pain” and 10 =
“pain as bad as you can imagine.” Item 4 asks “During the past 7
days, what number best describes how pain has interfered with
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your enjoyment of life?” Respondents then rate the frequency of
interference with life enjoyment on a 0 to 10 NRS where 0 =
“does not interfere” and 10 = “completely interferes.” Item 5
asks “During the past 7 days, what number best describes how
pain has interfered with your general activities,” and the
associated 0 to 10 NRS endpoints are 0 = “does not interfere”
and 10 = “completely interferes.” The responses to items 3, 4,
and 5 are summed to compute a PEG total score that ranges
from O to 30. Finally, although it is not used to grade the severity
of chronic pain, the GCPS-R includes an additional item (item 6)
that asks respondents, “Are you not working or unable to work
due to pain or a pain condition?” with the response options of
“yes” or “no.”

2.2.3. Adaptation of the Graded Chronic Pain Scale-Revised
for use in pediatric populations

Because the GCPS-R was developed to be used with adults, the

items were revised for administration to a pediatric population by

a group of 5 clinicians and researchers with a breadth and depth

of experience in the study and treatment of children and

adolescents with chronic pain, including the development and
validation of assessment instruments to be used with these
samples. They included a basic science researcher, 2 clinical
health psychologists, a pediatric pain psychologist, and an expert
in behavioral assessment and measurement. The resulting
measure was called the Pediatric Graded Chronic Pain Scale-

Revised (P-GCPS-R). The following specific adaptations were

made:

(1) An additional response option (“half of the days”) foritems 1 (ie,
“In the past 3 months, how often did you have pain?”) and 2 (ie,
“Over the past 3 months, how often did pain limit your life or
work?”) was added, so that the options were now “never,”
“some days,” “half of the days,” “most days,” and “every day.”
The rational for the inclusion of this additional response option
was to be more accurate in the assessment of pain and related
disability.

(2) Because children and adolescents are rarely employed, and
most attend school, item 2 was modified to ask participants
about the interference of pain on their school activities (e,
“Over the past 3 months, how often did pain limit your life or
school activities?”).

(3) Item 6 (ie, “Are you not working or unable to work due to pain
or a pain condition?”) was modified, again because children
rarely work (ie, “Are you not attending school or unable to
attend school due to pain or a pain condition?”). Although, as
noted above, item 6 is not used to rate the severity of chronic
pain®®; this additional item, however, has clinical relevance for
identifying children and adolescents who do not or cannot
attend school because of pain. However, because our sample
consisted of schoolchildren and adolescents, and all partic-
ipants that provided data on the P-GCPS-R were able to
attend school at the original time of data collection, item 6 was
not administered to participants in this study.

Because our sample was composed of Spanish-speaking
school children and adolescents, all of the P-GCPS-R items were
translated into Spanish using a back-translation procedure.?>%®
One of the benefits of this procedure is that it helps to ensure that
the final translated measure is culturally appropriate.38 This
procedure was conducted in 3 steps: first, 2 bilingual psychol-
ogists fluent in Spanish and English translated the items into
Spanish; subsequently, a professional translator who was not
familiar with the original version of the GCPS-R, back translated
the Spanish version of the items into English; last, the English
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back translation was reviewed by one of the GCPS-R developers
to ensure consistency with the intended meaning of the original
items. No changes were needed. This process has been used in
previous research.'#?® Before the administration of the ques-
tionnaire, the comprehensibility of the adapted items was tested
with 5 children and adolescents randomly selected from the study
sample. Figure 1 shows the items of the P-GCPS-R.

Following the scoring algorithm of the GCPS-R, % participants
responses to the P-GCPS-R were classified in grade O (chronic
pain absent) if they reported no pain over the past 3 months or
reported pain that is not present on most days or every day. The
remaining participants who reported chronic pain (ie, pain in
most days or every day over the past 3 months) were classified in
grades 1, 2, and 3. Among those, participants who reported that
pain did not limit their life or school activities on most days or
every day and with PEG total scores below 12 were classified in
grade 1 (mild chronic pain); participants who reported that pain
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did not limit their life or school activities on most days or every day
and with PEG total scores equal or above 12 were classified in
grade 2 (bothersome chronic pain); and participants who
reported that pain limited their life or school activities on most
days or every day were classified in grade 3 (high-impact chronic
pain), regardless of their PEG scores. Figure 2 provides a
summary of the P-GCPS-R scoring procedures.

2.2.4. Health status

2.2.4.1. Physical health

The Spanish versions of the 4-item Mobility and Fatigue scales
from the Patient-Reported Outcomes Measurement Information
System (PROMIS) Pediatric-25 Profile Form v.2 and the 4-item
PROMIS pediatric sleep disturbance short form V1.0 were used to
assess participants perceived physical health. With these forms,

1. In the past 3 months, how many times did you have pain?

I:’ Never
l:l Some days
|:| Half the days

I:l Most days
I:l Every day

2. Over the past 3 months, how often did pain limit your life or school activities?

I:’ Never
l:l Some days
|:| Half the days

I:l Most days
l:l Every day

Now think about the pain you have had over the past 7 days...

3. On average, which number best describes your pain?

Lol [a] [2] [3] 4] [s [e] [7] (8] [s] [10]

No pain

A lot of pain

4. During the past 7 days, which number best describes how pain has interfered with

your ability to have fun?

[o] [1] [2] [3] [&] [s] [e] [7] [8] [o] [10]

Does not
interfere

Interferes completely

5. During the past 7 days, which number best describes how pain has interfered with

your overall activity?

Lo [1] [2] [3] [4] [s] [e] [7] [&] [s] [20]

Does not
interfere

Interferes completely

6. Are you not attending school or not able to attend school due to pain or a pain

condition?

Yes

[ e

Figure 1. Adaptation of the Graded Chronic Pain Scale-Revised for its use with pediatric samples.
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Q1: In the past 3

Al = Never, Some days or Half of the days

months, how often
did you have pain?

Q2: Over the past 3
months, how often

Al = Most days or Every day

A2 = Most days or Every day

» GradeO

did pain limit your
life or school
activities?

Q3: During the past 7
days, what number
best describe your

pain on average

+

Q4: During the past
7 days, what
number best

describes how pain

has prevented you

to have fun?
\__ /)

¥

Q5: During the past
7 days, what
number best

describes how pain

has interfered with
your general
activity?

PEG Score Sum of
A3+ A4 +AS5

» Grade 3

A2 = Never, Some days or Half of the days

Grade 1

Figure 2. Calculation method for the Graded Chronic Pain Scale-Revised as per Von Korff et al.*® PEG indicates Pain, Enjoyment and General Activities Scale.
Grade 0 = chronic pain absent; grade 1 = mild chronic pain; grade 2 = bothersome chronic pain; grade 3 = high-impact chronic pain.

respondents are asked to indicate how often they had experienced
different physical problems related with each domain over the past
7 days using a 5-point Likert scale ranging from 1 (“never”) to 5
(“very often”). Scores are based on a T-score distribution with a
mean of 50 points and a SD of 10 in the normative sample. Lower
scores in the mobility short form reflect more frequent mobility
problems. Higher scores in the fatigue and sleep short forms reflect
more frequent fatigue and sleep problems, respectively. Pediatric
PROMIS measures have been shown to provide valid and reliable
information in individuals aged 8 to 17 years.*? In the current
sample, Cronbach alpha of the mobility, fatigue, and sleep short
forms were 0.67, 0.84, and 0.86, respectively, indicating borderline
acceptable to good internal consistency.

2.2.4.2. Anxiety and depressive symptoms severity

The Spanish versions of the 4-item Anxiety and Depression
scales from the PROMIS Pediatric-25 Profile Form v.2 were used
1o assess participants’ anxiety and depressive symptoms. With
these forms, respondents are asked to indicate how often they
had experienced different anxiety and depressive symptoms over

the past 7 days using a 5-point Likert scale ranging from 1
(“never”) to 5 (“very often”). Scores are based on a T-score
distribution with a mean of 50 points and a SD of 10 in the
normative sample. Higher scores in the anxiety and depression
short forms reflect more frequent anxiety and depressive
symptoms, respectively. Pediatric PROMIS measures have been
shown to provide valid and reliable information in individuals aged
8 to 17 years.®? In the current sample, Cronbach alpha of the
anxiety and depression short forms were 0.85 and 0.86,
respectively, indicating good internal consistency.

2.2.5. Maladaptive pain coping strategies

2.2.5.1. Pain catastrophizing

The Catalan/Spanish version of the 13-item Pain Catastrophizing
Scale for children (PCS-C)*° was used to assess pain catastroph-
izing. The PCS-C reflects a variety of negative thoughts and
feelings about the child experience in 3 domains: rumination
(sample item, “I cannot keep it [pain] out of my mind”),



UNIVERSITAT ROVIRA I VIRGILI

€202/8T/L0 U0 dATAPING
SIOXIXPITSAHISINNTINNNHYHPABAUOSEZT+SMB9 L O+ZHINADPHZUSUAMAT+OIOWAOTAHAYIGA L A2Bepd/ zmS X xexBbullA

Copyright © 2023 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

LOMHSOZ8IIODXUYSZTaWSAXHZIMNAL L +IZOIMNIO+ASNCIAZ P AQ Ured/wiod*mm| sfeunoly/:dny woly papeojumod

magnification (sample item, “l am afraid that pain will get worse”),
and helplessness (sample item, “There is nothing | can do to
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Sample characteristics (N = 1564).

have these thoughts when in pain on a 0 (“not at all”) to 4 Variable (’a"9e) M SD N %
(“extremely”) Likert scale. Reponses are summed to create a total DEEy e
score that can range from 0 to 52, with higher scores indicating Se);\/la\e 703 45
more frequent catastrophizing pain beliefs. The Catalan/Spanish Farielh 856 55
version of the PCS-C has been shown to provide valid and reliable Age (8-18) 11.08 251
information about3 Cy)aain catastrophizing when used with children Health status Indlcators

T ! Fatigue (PROMIS) (20-80) 49.57 11.16

.. . . Sleep disturbance (PROMIS)§ (20-80) 55.03 12.16

2.2.5.2. Externalizing pain coping Anxiety (PROMIS)II (20-80) 51.94  11.80
The externalizing subscale of the Catalan/Spanish version of the Depression (PROMIS)t (20-80) 5230  11.26
36-item Pain Coping Questionnaire (PCQ'®) was used to assess Maladaptive pain coping strategies
frequency of the use of externalizing as a pain coping strategy. Pain catastrophizing (PCS-C)q (0-52) 1897  11.24
With the PCQ, respondents are asked to rate how often they Externalizing pain coping (PCQ)# (1-5) 1.78 0.87
engage in each pain coping response when they are in pain using Activity limitations
a 5-point Likert scale from O (“never”) to 4 (“very often”). A sample Pain-related school absence** 201 4.09

item from the externalizing subscale is “get mad and throw or hit
something.” The Catalan/Spanish version of the PCQ has been
shown to provide valid and reliable scores when used to measure
pain coping strategies in children and adolescents.'®?° In the
current sample, Cronbach alpha of the PCQ-Externalizing was
0.77, indicating adequate internal consistency.

2.2.6. Activity limitations

2.2.6.1. Number of schooldays missed due to pain

Participants were asked to respond to the question, “In the last 3
months, how many days did you miss school because of pain?”
Self-reports of school absenteeism in adolescents with chronic
pain have been found to be consistent with objective school
reports of school absenteeism.??

2.3. Data analyses

To describe the sample and study variables, we first computed
the means and standard deviations (for continuous variables)
and number and percentages (for categorical variables) of the
demographic and study variables. Next, we computed the
number and rates of participants in each chronic pain grade in
the sample. We then used analyses of covariance (ANCOVA) to
examine the hypothesized differences in the measures of health
status, maladaptive coping strategies, and activity limitations as
a function of chronic pain grade classification, while controlling
for the participants’ sex and age. Post hoc comparisons were
made using Bonferroni tests. For any statistically significant
findings, we computed estimates of effect sizes using (1) the
partial 712 for ANCOVAs (small effect: ng = 0.01, medium effect:
n,% = 0.06; large effect: n5 = 0.14) and (2) Cohen d (small effect:
d = 0.2; medium effect: d = 0.6; large effect: d = 0.8) for
univariate t tests." Statistical significance was set at P < 0.05.
Data analyses were conducted using STATA 14 (Stata Corp,
College Station, TX).

3. Results
3.1. Sample characteristics

Table 1 provides a summary of the characteristics of the 1564
participants. As can be seen, the mean age of this sample was

Sample size varies due to nonresponses.

*n = 1559 (missing = 5).

tn = 1532 (missing = 32).

fn = 1531 (missing = 33).

§n = 1500 (missing = 64).

lln = 1535 (missing = 29).

n = 1397 (missing = 167).

#n = 1464 (missing = 100).

**n = 1494 (missing = 90).

PCQ, Pain Coping Questionnaire; PROMIS, Patient-Reported Outcomes Measurement Information System
Pediatric Measure; PCS-C, Pain Catastrophizing Scale for Children.

11.1 years (SD = 2.5; age range = 8-18 years), and a little more
than a half of the participants were girls (55%).

Table 2 shows GCPS-R classification results. As can be
seen, a total of 1348 participants (86%) did not report chronic
pain and were classified by the GCPS-R in Grade O (chronic
pain absent). Regardless of the impact, a total of 216
participants (14%) were classified as having chronic pain; that
is, pain that had been occurred on most days or every day over
the past 3 months. Eighty of these participants (37%; 5% of the
total sample) were classified by the GCPS-R in grade 1 (low-
impact chronic pain), 98 (45%; 6% of the total sample) were
classified in grade 2 (bothersome chronic pain), and 38 (18%;
3% of the total sample) were classified in grade 3 (high-impact
chronic pain).

3.2. Health status, use of maladaptive pain coping strategies,
and activity limitation as a function of chronic pain grade

Children and adolescents with bothersome and high-impact
chronic pain endorsed having lower levels of health (ie, as
reflected by worse measures of physical mobility, fatigue, sleep
disturbance, anxiety, and depressive symptoms severity) than
those with mild chronic pain and without chronic pain.
Furthermore, children and adolescents with bothersome and
high-impact chronic pain endorsed using maladaptive coping
strategies (ie, pain catastrophizing and externalizing pain coping
responses) more often and having more severe activity
limitations (ie, higher number of school days missed due to
pain in the past 3 months) than those with mild chronic pain and
without chronic pain. The between-group differences in health
status, in using maladaptive coping strategies and in activity
limitations, were statistically significant (all P < 0.001), with
effects size ranging from small to moderate (n® range, 0.03-
0.06; see Table 3).
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Response to the items of the Pediatric Graded Chronic Pain
Scale-Revised.

N % M SD

Item 1: pain in the past 3 mo
(all participants, N = 1564)

Never 208 13

Some days 1017 65

Half of the days 123 8

Most days 158 10

Every day 58 4

Chronic pain 216 14
Item 2: pain limits life or school
activities (participants with chronic
pain, N = 216)

Never 51 24

Some days 104 47

Half of the days 23 "

Most days 31 14

Every day 7 3
Item 3: pain intensity (0-10, 6.11 2.42
participants with chronic pain,
N = 216)
Item 4: pain interfered with enjoyment 3.79 2.87
of life (0-10, participants with chronic
pain, N = 216)
Item 5: pain interfered with general 4.06 3.07
activity (0-10, participants with chronic
pain, N = 216)
PEG sum score (participants with 13.96 6.94
chronic pain, N = 216)
P-GCPS-R (N = 1564)

0-no chronic pain 1348 86

1-mild chronic pain 80 5]

2-hothersome chronic pain 98 6

3-high-impact chronic pain 38 8

PEG, sum of items 3, 4, and 5; P-GCPS-R, Pediatric Graded Chronic Pain Scale-Revised.

3.2.1. Children and adolescents with mild chronic pain
(grade 1) compared with those without chronic pain (grade 0)

Post hoc comparisons between children and adolescents with
mild chronic pain and those without chronic pain showed no
statistically significant differences in any of the health status
indicators (mobility: t = 0.31, P > 0.05; fatigue: t = —0.07, P >
0.05; sleep disturbance: t = —1.10, P > 0.05; anxiety: t = —1.59,
P < 0.05; and depression: t = —0.82, P < 0.05), in the use of
maladaptive coping strategies (catastrophizing: t = —0.79, P >
0.05 and externalizing: t = —1.24, P > 0.05) and in activity
limitations (number of missed school days due to pain: t = 0.029,
P > 0.05).

3.2.2. Children and adolescents with bothersome chronic
pain (grade 2) and high-impact chronic pain (grade 3)
compared with those with mild chronic pain (grade 1)

Post hoc comparisons showed that, compared with children
and adolescents with mild chronic pain, those with bothersome
chronic pain had significantly worse scores in all of the health
status indicators (mobility: t = 3.34, P = 0.005, d = 0.51;
fatigue: t = —4.48, P < 0.001, d = —0.68; sleep disturbance: t
= —3.56,P =0.002,d = —0.54; anxiety: t = —2.72, P = 0.040,
d = —0.41; depression: t = —4.01, P < 0.001,d = —0.61) and

IMPACT, AND TRENDS IN CHILDREN

PAIN®

higher activity limitations (number of missed school days due to
pain: t = —3.43, P = 0.004, d = —0.58). In addition, children
and adolescents with high-impact chronic pain reported
significantly worse scores in all study health status indicators
(mobility: t = 4.55, P < 0.001, d = 0.93; fatigue: t = —4.19, P <
0.001, d = —0.84; sleep disturbance: t = —2.77, P =0.33,d =
—0.57; anxiety: t = —3.52, P = 0.003, d = —0.71; and
depression: t = —3.90, P < 0.001, d = —0.81) and higher
activity limitations (number of missed school days due to pain: t
= —6.26, P <0.001, d = —1.30) compared with those with mild
chronic pain. The effect sizes for these differences were in the
medium to large range (ie, 0.51-1 .30").

Differences regarding maladaptive pain coping strategies
were less consistent. Post hoc analyses showed significantly
higher scores with borderline to large effect sizes in pain
catastrophizing in children and adolescents with bothersome
chronic pain (t = —4.43, P < 0.001, d = —0.70) and high-
impact chronic pain (t = —5.16, P < 0.001, d = —1.06) in
contrast with those with mild chronic pain. However, although
children and adolescents with bothersome chronic pain and
high-impact chronic pain had higher scores in externalizing pain
coping compared with those with mild chronic pain, these
differences were not statistically significant (t = —2.42, P =
0.094; andt = —2.32, P = 0.121, respectively).

3.2.3. Children and adolescents with high-impact chronic
pain (grade 3) compared with those with bothersome
chronic pain (grade 2)

Post hoc analyses revealed no statistically significant differences
between children and adolescents with high-impact chronic pain and
those with bothersome chronic pain neither in any of the study health
status indicators (mobility: t = 2.09, P > 0.05; fatigue: t = —0.79, P>
0.05; sleep disturbance: t = —0.13, P > 0.05; anxiety: t = —1.51, P
> 0.05; and depression: t = —0.97, P > 0. 05) nor in the use of
maladaptive coping strategies (catastrophizing: t = —1.81, P > 0.05
and externalizing: t = —0.56, P > 0.05). However, children and
adolescents with high-impact chronic pain reported statistically
significantly more activity limitations (number of missed school days
due to pain: t = 3.70, P < 0.001, d = —0.77) than those with
bothersome chronic pain.

4. Discussion

To the best of our knowledge, the current study is the first to adapt
the GCPS-R®® for use in pediatric samples (P-GCPS-R) and
assess its concurrent validity using a community sample of
school-aged children and adolescents. We found that with the P-
GCPS-R most participants (86%) were classified in grade
0 (chronic pain absent). Of the participants with chronic pain,
37% were classified in grade 1 (low-impact chronic pain), 45% in
grade 2 (bothersome chronic pain), and 18% in grade 3 (high-
impact chronic pain).

The concurrent validity of the P-GCPS-R scores was
supported by the magnitude and directions of the differences
between participants classified in different grades in measures of
health status, in the use of maladaptive pain coping strategies,
and in activity limitations. Specifically, and consistent with the
study hypotheses, (1) there were no significant differences
between participants without chronic pain and participants with
mild chronic pain in any of the study measures, (2) there were
moderate-to-large differences between participants  without
chronic pain or with mild chronic pain and those with bothersome
chronic pain or high-impact chronic pain in most study measures,



UNIVERSITAT ROVIRA I VIRGILI

€202/8T/L0 U0 dATAPING
SIOXIXPITSAHISINNTINNNHYHPABAUOSEZT+SMB9 L O+ZHINADPHZUSUAMAT+OIOWAOTAHAYIGA L A2Bepd/ zmS X xexBbullA

Copyright © 2023 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

LOMHSOZ8IIODXUYSZTaWSAXHZIMNAL L +IZOIMNIO+ASNCIAZ P AQ Ured/wiod*mm| sfeunoly/:dny woly papeojumod

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS
Josep Roman Juan

Month 2023 ¢ Volume 00 ® Number 00 www.painjournalonline.com 7

Mean and standard deviation (in parenthesis) of health indicators, activity limitations, and negative pain-coping beliefs by
chronic pain grade and analyses of covariance statistics controlling for participants’ age and sex (N = 1564).

Grade 0: chronic Grade 1: mild  Grade 2: Grade 3: high-impact  df F P (n3)
pain absent chronic pain moderate chronic pain
chronic pain
Health status indicators
Mobility (PROMIS)* 48.70 (8.76) 48.53 (8.89) 44,62 (8.95) 40.49 (8.75) 3,1526 16.03 <0.001 (0.03)
Fatigue (PROMIS)t 48.83 (10.82) 48.72 (10.23) 57.16 (11.96)  57.49 (12.94) 3,1525 24.00 <0.001(0.05)
Sleep disturbance (PROMIS)t 5419 (11.90) 55.50 (12.31) 63.02 (11.76)  61.91 (12.23) 3,1494 2057 <0.001(0.04)
Anxiety (PROMIS)§ 5112 (11.43) 52.89 (11.58) 58.74 (12.79)  61.27 (13.17) 3,1529 21.23 <0.001 (0.04)
Depression (PROMIS)* 51.48 (10.81) 52.13 (10.67) 60.15 (11.75)  60.43 (15.17) 3,1526 2525 <0.001 (0.05)
Maladaptive pain coping
Pain catastrophizing (PCS-C)ll 18.08 (10.80) 18.57 (10.84) 26.14 (11.99)  30.26 (12.25) 3,1391  28.47 <0.001 (0.06)
Externalizing pain coping (PCQ)q 1.96 (0.72) 2.09 (0.71) 2.55 (0.85) 2.75(0.93) 3,1458 27.22 <0.001 (0.06)
Activity limitations
No. of missed school days due to pain# 1.89 (3.28) 1.54 (2.31) 3.59 (5.82) 6.44 (12.35) 3,1488 20.51 <0.001 (0.04)

*n = 1532 (missing = 32).
1 n = 1531 (missing = 33).
+n = 1500 (missing = 64).
§n = 1535 (missing = 29).
II'n = 1397 (missing = 167).
9 n = 1464 (missing = 100).
#n = 1494 (missing = 90).

PCQ, Pain Coping Questionnaire; PCS-C, Pain Catastrophizing Scale for Children; PROMIS, Patient-Reported Outcomes Measurement Information System Pediatric Measure.

such that children and adolescents classified in grades 2 and 3
reported poorer health status, catastrophized more about their
pain, and reported more activity limitations compared with those
classified in grades 0 and 1; and (3) participants with high-impact
chronic pain only differed from those with bothersome chronic
pain on activity limitations, which were significantly higher in
participants with high-impact chronic pain. These findings are
consistent with those found by Von Korff et al.*® in adults and
suggest that, despite their chronic pain condition, children and
adolescents with mild chronic pain have a similar health status to
those without chronic pain and do not experience major activity
limitations due to pain. Furthermore, although bothersome
chronic pain and high-impact chronic pain seem to have similar
negative effects on the overall health status of children and
adolescents, the latter is associated with more activity limitations
than the former, which is consistent with the current definition of
high-impact chronic pain.? 634

This study represents an important step forward in the
development of tools for assessing pediatric chronic pain. If
additional studies confirm the findings, this would show that the P-
GCPS-R would be a valuable valid measure for identifying children
and adolescents with chronic pain and differentiating those who,
despite their chronic pain condition, do not experience major
activity limitations from those who are more severely impaired by
their pain. This is important for treatment and cost planning
purposes. According to a recent review, between 31% and 70% of
children and adolescents with chronic pain seek healthcare for their
pain'® and those with a higher chronic pain severity are the ones
most likely to seek medical treatment.'®%” Thus, the P-GCPS-R
could be used to identify those with high-impact chronic pain,
providing insight into the proportion of children and adolescents
with chronic pain who are likely to seek medical care. This
information in turn could be used to estimate the cost of treating
this group, based on previous studies of healthcare costs related to
pediatric chronic pain.'?133" Noteworthy, the GCPS-R is being
increasingly used in studies of adults with different chronic pain
conditions, further emphasizing the potential value of a pediatric
version of this measure, 111426

The use of the P-GCPS-R would also facilitate comparability of
data across different pediatric samples in future research.
Previous studies using adapted versions of the original GCPS
have reported discrepancies in the proportions of youths with
different grades of chronic pain.'®183337:3% The variations in the
definition of chronic pain used in these studies has been
suggested as a potential explanation for these discrepancies. '®
By enabling a standard way to identify youth with chronic pain, the
P-GCPS-R could help to overcome this issue.

Furthermore, if replicated in clinical settings, the P-GCPS-R
could be used as a valid approach to screen for chronic pain
severity in pediatric pain patients and to monitor changes in pain
over time. Pain severity has been posited as one of the most
important outcome domains to be assessed in when providing
clinical care to children with pain.27 Moreover, the classification of
children with varying levels of chronic pain severity could potentially
provide valuable data for informing treatment decisions, although
specific treatment recommendations would require a more
comprehensive assessment than that provided by the P-GCPS-
R alone. Although there has been animprovement in the treatment
of pediatric chronic pain over the last decades®® and there are
currently a variety of treatments that have been shown to be
effective for reducing the severity and negative impact of chronic
pain in children and adolescents,®2% there is a tendency to provide
allindividuals with chronic pain with the same treatment. Given that
chronic pain does not affect children and adolescents equally,?* it
stands to reason that treatment for chronic pain should not be the
same for all individuals.

With reference to the above, we found that the largest
differences between children and adolescents with mild chronic
and bothersome chronic pain were found in measures of fatigue,
depression, and pain catastrophizing. We also found that the
most predominant difference between children and adolescents
with high-impact chronic and mild chronic pain was found in
activity limitations, although moderate-to-large differences were
also found in measures of physical health, psychological
symptoms, and pain catastrophizing. Therefore, and in line with
what was speculated by Von Korff et al.,*® children and
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adolescents with bothersome chronic pain could benefit from
psychological interventions addressing psychological distress
and pain catastrophizing such as cognitive-behavioral therapy,”
whereas those with high-impact chronic pain might require
additional treatments and strategies that also address the
behavioral consequences of the pain problem. For example,
promoting engagement in value-based actions through accep-
tance and commitment therapy and providing parental training to
reinforce a child’s adaptive behaviors, such as regular school
attendance, may be effective strategies.®2" Future clinical trials
using the P-GCPS-R to classify pediatric pain patients on
enrollment in chronic pain treatments are necessary to evaluate
the effectiveness of various treatment strategies for different
levels of pain severity.

The study findings should be considered in light of several
limitations. First, the data were collected from a convenience
sample of children and adolescents, and the participation rate
was relatively low (30%). This potentially limits the generalizability
of the findings. Second, given the cross-sectional nature of the
study, the P-GCPS-R’s test-retest reliability and predictive
validity could not be evaluated. Longitudinal research evaluating
the P-GCPS-R would, therefore, be useful. Third, a large number
of measures were administered for this study, which could have
led to respondents’ fatigue and thus could reduce the accuracy of
responses, especially in younger children. Despite this, the
findings from this study are very similar to those found in studies
with adults and are consistent with the study’s hypothesis.
Therefore, even if the study procedures resulted in some fatigue
for some of the participants, this did not appear to have a
significant impact on the study findings. Fourth, the measure of
activity limitations used in the study was a single question asking
participants to note the number of days missed from school due
to pain. The evaluation of the concurrent validity P-GCPS-R’s
scores would have been strengthened with additional measures
of pain-related activity limitations (eg, limitations in leisure
activities or social activities). In addition, the measure of pain-
related absenteeism relied on the participants’ memories about
school attendance over the prior 3 months, which may have
introduced some recall bias. However, as noted previously, prior
research in adolescents with chronic pain found that adolescent
self-report of school absenteeism was consistent with objective
school reports of school absenteeism.??

Despite the study’s limitations, the results provide important
new evidence regarding the concurrent validity of the P-GCPS-R
scores for use with pediatric samples. The findings support the
measure for use by researchers seeking to expand knowledge
regarding the prevalence and impact of chronic pain in children
and adolescents, knowledge of which can be used by policy-
makers and other stakeholders interested in better understand-
ing the potential need for interventions and cost planning
purposes. If additional studies confirm these findings in clinical
settings and other samples of children, the P-GCPS-R could
potentially be regarded and used as a tool to help guide and tailor
interventions for children and adolescents with chronic pain.
Furthermore, if widely adopted in epidemiology studies with
pediatric samples, the P-GCPS-R would facilitate greater
comparability of findings across studies and help identify general
needs of this population.
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4.7. Study VI

Fatigue, sleep disturbance, and pain interference in children and

adolescents with chronic pain: a longitudinal study.
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Abstract

Research has shown that pain and sleep disturbance often co-occur and
influence each other over time in children and adolescents with chronic
pain. Longitudinal studies examining the underlying mechanisms of this
association are scarce and have mainly focused on the role of internalizing
mental health symptoms and mood. This longitudinal study aimed to
determine if fatigue underlies the co-occurrence and mutual maintenance
of sleep disturbance and pain over time in children and adolescents with
chronic pain. Participants of this study were 355 school-aged children and
adolescents (mean age = 11.63; 67% female) with chronic pain.
Participants provided sociodemographic information and responded a
survey including measures of pain (duration, intensity, interference), sleep
disturbance, and fatigue at first assessment and 12 months later. Partially
latent cross-lagged structural equation panel models revealed that sleep
disturbance, pain intensity, and pain interference co-occurred at both time
points. Higher levels of sleep disturbance, pain intensity, and pain
interference at first assessment predicted higher levels of sleep
disturbance, pain intensity, and pain interference at follow-up, respectively.
Higher levels of pain interference at first assessment predicted higher levels
of sleep disturbance at follow-up while controlling for initial levels of sleep
disturbance. Furthermore, fatigue was found to mediate the association
between first assessment and follow-up sleep disturbance, the association
between first assessment and follow-up pain interference, and the

association between first assessment pain interference and follow-up sleep
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disturbance. These findings highlight the need to assess and address
fatigue in children and adolescents with chronic pain and sleep disturbance.
Keywords: Chronic pain; Children; Adolescents; Sleep disturbance;
Fatigue; Structural equation modelling.

INTRODUCTION

Chronic pain in children and adolescents is a prevalent [12,24] and
disabling condition [15,18,35,38] that often co-occurs with sleep
disturbance [9,19]. Several studies show that the prevalence of severe
sleep-related issues exceeds 50% in this population [23,26,27]. The
association between chronic pain and sleep disturbance has been
proposed to be bidirectional [21,46], and recent findings both in adults [11]
and children and adolescents [1] suggest that the effect of sleep
disturbance on pain may be stronger than vice versa.

The conceptual model developed by Valrie and colleagues [46]
suggests that psychological and physiological factors may underlie the co-
occurrence and maintenance of pain and sleep disturbance in children and
adolescents with chronic pain. To date, research has largely focused on the
role of psychological factors such as mood [1] and internalizing mental
health symptoms [28,42] as potential underlying mechanisms.

One additional physiological factor that could help explain the co-
occurrence and maintenance of sleep disturbance and pain in children and
adolescents with chronic pain over time is fatigue. Existing research has
shown that increased fatigue can result from both pain and sleep problems
[4,13,49]. Research has also shown that fatigue can be a predictor of

subsequent sleep disturbance and pain in children and adolescents with
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chronic pain [44]. Moreover, findings from cross-sectional studies are
consistent with a mediation effect of fatigue in the association between
sleep and pain interference in children and adolescents with chronic pain
[50]. However, there is a need for longitudinal research to more
systematically examine the role of fatigue in the co-occurrence and mutual
maintenance of pain and sleep disturbance among children and
adolescents with chronic pain.

Given these considerations, the aim of this study was to better
understand the role that fatigue plays in the co-occurrence and
maintenance of sleep disturbance and pain over time in children and
adolescents with chronic pain. To address this aim, we used data from an
ongoing longitudinal survey of children and adolescents with chronic pain
to examine: (1) the bidirectional association between sleep disturbance,
pain intensity, and pain interference over time; and (2) the mediating role of
fatigue in these associations. Based on research showing statistically
significant bidirectional positive associations between sleep disturbance
and pain in children and adolescents over time [2], and on research
showing both cross-sectional and longitudinal positive associations
between fatigue and pain intensity and pain interference in children and
adolescents with chronic pain [24,44,50], we hypothesized that (1) higher
levels of sleep disturbance, pain intensity, and pain interference measured
at the initial assessment would predict subsequent increases in sleep
disturbance, pain intensity, and pain interference 12 months later, and that

(2) fatigue would mediate these associations.
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METHOD
Study design and procedure

This longitudinal study uses data from a sample of children and
adolescents participating in the EPIDOL project, a longitudinal
epidemiological study of pain in children and adolescents conducted in the
South East of Catalonia (Spain; [24]). The EPIDOL project underwent
participant recruitment and follow-ups twice: once between 2018 and 2020
(pre-COVID) and once between 2022 and 2023 (post-COVID). A number of
articles have been published using cross-sectional data from the survey
conducted between 2018 and 2020 [24,31,32,41], and the survey
conducted after 2022 [33,34]. The data used for the current analyses were
exclusively derived from the survey conducted after 2022, and none of the
previous articles have addressed the study questions that are the focus of
the current analyses.

The data of the first assessment (Time 1) were gathered between
February and June 2022 at 20 schools that agreed to participate in the
study, which represent a 67% of the total number of schools initially
approached (n = 30). Follow-up data (Time 2) were collected 12 months
later from 19 of the 20 participating schools (i.e., one of the participating
schools opted for not continuing their participation due to constraints related
to time availability). At Time 1 and Time 2, eligible students were asked to
provide sociodemographic information and fill-in a paper-and-pencil survey
with questions about pain-related characteristics, and self-report measures

related to sleep disturbance and fatigue. The ethics committee of the
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Universitat Rovira i Virgili approved the study (Institut d’Investigacio
Sanitaria Pere Virgili; ref.: 136/2018).
Participants

Eligibility for study participation was limited to students that (1) were
aged between 8 and 18 years who expressed their willingness to
participate, (2) were able to read, write, and speak Spanish, (3) had
parental consent for their participation, (4) and reported experiencing
chronic pain (i.e., pain persisting 23 months) at Time 1 and Time 2.

Of the 1,721 students who expressed willingness and had parental
consent, 738 participants reported experiencing chronic pain and provided
either complete or mostly complete data at Time 1. Among these
participants, 491 provided data at Time 2, with 355 reporting chronic pain
at this time point. This subset of 355 participants constitutes the sample of
participants used in the current analysis.

Variables and Measures
Demographic variables

Participants provided information regarding their sex (i.e., boy or
girl) and age at Time 1 and Time 2.

Pain Characteristics

At both Time 1 and Time 2, participants were asked to provide
information about the characteristics of any pain problem(s) they had
experienced in the last 3 months, specifically: location, duration, intensity,
and interference. Pain location was evaluated using a pain site checklist
which asked about pain in 11 possible locations (i.e., head, neck, chest,

shoulders, back, arms, hands, bottom/hips, belly/pelvis, legs, and feet) and
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an “other location” category. This classification approach has been used in
previous studies [24,37,42]. For each selected pain location, pain duration
was evaluated by asking participants whether the pain had persisted for
over three months (yes/no). In accordance with the contemporary definition
of chronic pain established by the International Association for the Study of
Pain [25,45], participants were classified as having chronic pain if they
reported pain persisting 23 months at any of the specified locations.
Average pain intensity in the past seven days was assessed using a 0-10
Numerical Rating Scale (NRS-11) which asks respondents to rate their
average pain intensity over this time period from 0 = “No pain” to 10 = “Very
much pain”. This version of NRS-11 has shown to provide reliable and valid
pain intensity scores when used with children 6 years or over [7]. Pain
interference was measured using the Spanish version of the Pediatric
Patient-Reported Outcomes Measurement Information System (PROMIS)
Pediatric Pain Interference 8a Short Form v2.0 [8,30]. With this form,
participants rate the frequency that pain interfered with 8 different activities
over the past 7 days using a 5-point Likert scale (1= “Never” to 5= “Almost
always”). The pain interference score is computed by summing responses
and transforming them to T-scores, with higher scores reflecting greater
levels of pain interference. Previous research has demonstrated that
pediatric PROMIS measures of pain interference provides valid and reliable
information for individuals aged 8 to 17 years [48], including samples of
children and adolescents with chronic pain [31,41]. In the current sample,
the Cronbach’s alphas of the Pain Interference short form were .86 at both

Time 1 and Time 2, indicating good internal consistency.
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Sleep disturbance

At both Time 1 and Time 2, participants’ sleep disturbance was
evaluated with the Spanish versions of the 4-item PROMIS pediatric Sleep
Disturbance short form V1.0. With this form, participants rate how often they
experienced problems related sleep over the past 7 days using a 5-point
Likert scale (1= “Never’ to 5= “Almost always”). The sleep disturbance
score was computed by summing responses and transforming them to T-
scores, with higher scores reflecting more frequent sleep problems.
Previous research has demonstrated that pediatric PROMIS measures of
sleep disturbance provide valid and reliable information for individuals aged
8 to 17 years [48], including samples of children and adolescents with
chronic pain [3,39]. In the current sample, the Cronbach’s alphas of the
sleep disturbance short form at Time 1 and Time 2 were .89 and .87,
respectively, indicating good internal consistency.
Fatigue

At Time 1 only, participants’ fatigue was measured using with the
Spanish version of the 4-item Fatigue scale from the PROMIS Pediatric-25
Profile Form v.2. With this form, participants are asked to rate how often
they experienced different fatigue symptoms over the past 7 days using a
5-point Likert scale (1= “Never” to 5= “Almost always”). The fatigue scores
were computed by summing responses and transforming them to T-scores.
Higher scores in the fatigue short form indicate higher levels of fatigue.
Previous research has shown that pediatric PROMIS measures of fatigue

provide valid and reliable information when used with individuals aged 8 to
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17 years [48]. In the current sample, the Cronbach’s alpha of the fatigue
short form was .87, indicating good internal consistency.
Data analysis

We first computed number and percentages (categorical variables)
and mean and standard deviations (continuous variables) of the
demographic and primary study variables to describe the sample. We then
computed bivariate Pearson correlations between the key study variables
(i.e., sleep disturbance, pain intensity, pain interference at initial
assessment and 12 months, and fatigue) to describe their zero order
associations. We also conducted T-tests and computed bivariate
correlations to examine the associations between key study variables and
participants’ biological sex and age, for descriptive purposes.

To address the primary study aim (i.e., to examine the role that
fatigue plays in the co-occurrence and maintenance of sleep disturbance
and pain over time in children and adolescents with chronic pain), we
conducted partial cross-lagged panel structural equation analyses. The
analyses were adjusted for participants’ sex and age, given their
association with key study variables (i.e., sleep disturbance, pain intensity,
pain interference, and fatigue; see the Results section for details) at the 12-
month assessment point. In order to test the first study hypotheses, in the
first model (see Figure 1, top panel) we regressed sleep disturbance, pain
intensity, and pain interference assessed at the 12 months assessment on
the measures of these domains at the initial assessment. This model
examined whether sleep disturbance at first assessment predicted change

over time in pain intensity and pain interference while controlling for initial
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levels of pain intensity and pain interference. It also examined whether
initial levels of pain intensity and pain interference predicted change over
time in sleep disturbance while controlling for the effects of initial sleep
disturbance.

In order to test the second study hypothesis, we regressed fatigue
on sleep disturbance, pain intensity and pain interference at the initial
assessment; and sleep disturbance, pain intensity and pain interference at
the 12 months assessment on fatigue (see Figure 1, bottom panel). This
model examined whether fatigue underlined the associations between
sleep disturbance, pain intensity, and pain interference at first assessment
and at 12 months. We used a bias-corrected bootstrapping resampling
method with n = 10,000 resamples to estimate the 95% confidence intervals
for the mediating effect of fatigue on the association between the initial
measures of sleep disturbance, pain intensity, and pain interference and
the criterion variables assessed 12 months later. In both models, we used
maximum likelihood estimation to handle missing data. As measures of
goodness of fit, we estimated ¥?, the ratio of x? to degrees of freedom, the
root-mean-square error of approximation (RMSEA), and the comparative fit
index (CFl). Acceptable fit is usually concluded when x?/df < 2 [6], CFI
values > 0.90 [14], and RMSEA < 0.08 with a nonsignificant (pClose)[17].
To adhere to the principle of parsimony, we systematically removed paths
that were not statistically significant from the model, starting with the least
significant ones, based on the Wald test [16]. Subsequent to the removal of

nonsignificant paths, we performed a chi-square difference test to confirm
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that the trimmed model did not exhibit a significantly poorer fit to the data
when compared to the full model.

Atwo-tailed significance level of p < .05 was used to determine that
an association was statistically significant. Indirect effects were considered
significant if the 95% confidence interval did not include zero. All data
analyses were conducted using STATA 14 (Stata Corp., Texas, USA).

RESULTS
Sample descriptives

Table 1 presents the descriptive statistics for the demographic and
key study variables at the initial assessment and at 12 months. As can be
seen, the average age of the sample at the initial assessment was 11.6
years and more than a half of participants (67%) were female. At both the
initial assessment and at 12 months after the initial assessment, the most
frequent pain locations were the head (50% and 56%, respectively), back
(40% and 49%, respectively), and belly/pelvis (35% and 39%, respectively).
Pain intensity and pain interference levels ranged from 0 to 10 and from 34
to 79 (T-score), respectively, at both time points. Sleep disturbance levels
ranged from 35 to 78 (T-score) at both time points. Fatigue levels at the

initial assessment ranged from 35 to 78 (T-score).
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Table 1. Sample characteristics.

12-month
First assessment
assessment
Variable
M(SD) or M(SD) or
N(%) N N(%) N
Sex 355 355
Male 117 (33) 117 (33)
Female 238 (67) 238 (67)
Age (8-17) 11.63 (2.27) 355 12.66 (2.29) 355
Pain locations
Head 176 (50) 355 198 (56) 354
Neck 90 (25) 355 105 (30) 353
Chest/breast 58 (16) 355 63(18) 353
Shoulders 66 (19) 355 74 (21) 354
Back 143 (40) 355 173 (49) 353
Arms 53 (15) 355 50 (14) 354
Hands 34 (10) 355 44 (12) 353
Bottom/hips 20 (6) 355  35(10) 354
Belly/pelvis 123 (35) 355 136 (39) 352
Legs 104 (29) 355 115 (33) 353
Feet 95 (27) 355 93 (26) 353
Other location(s) 20 (6) 355  28(8) 350

Pain intensity (NRS) 4.49 (2.61) 354 413 (2.38) 355

127



UNIVERSITAT ROVIRA I VIRGILI
CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS

Josep Roman Juan Results
Pain interference 52.76 (9.44) 334 51.30 (9.02) 354
(PROMIS)
Sleep disturbance 59.36 (11.94) 345  57.41(11.45) 357
(PROMIS)
Fatigue (PROMIS) 52.78 (11.74) 351 - -

Note: M = Mean; SD = Standard Deviation; PROMIS = Patient-Reported
Outcomes Measurement Information System pediatric measure; NRS =
Numerical Rating Scale.

The average levels of the key study variables and their standard
deviations assessed at both assessment points, as a function of sex, are
presented in Table 2. As can be seen, girls reported a significantly higher
level of sleep disturbance and pain interference at both the initial
assessment and at 12 months, and more fatigue at the initial assessment
compared to boys. The difference between girls and boys for pain intensity
at both assessment points was not statistically significant.

Table 2. Differences in key variables as a function of participant sex.

Girls Boys
Variable t daf P
M SD M SD
T1-Pain 4.45 251 457 281 -042 352 .336
intensity
(NRS)
T2-Pain 4.18 234 4.03 245 056 353 .712
intensity
(NRS)
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T1-Pain 53.99 919 5024 947 347 332 <.001
interference
(PROMIS)
T2-Pain 53.00 826 47.86 952 523 352 <.00f1
interference
(PROMIS)

T1-Sleep 61.28 11.33 55.27, 1225 473 343

A

.001
disturbance
(PROMIS)

T1-Sleep 59054 10.98 53.04 11.20 518 351

A

.001
disturbance
(PROMIS)
Fatigue 5411 1214 50.09 1041 3.05 349 .002

(PROMIS)

Note: T1 = first assessment; T2 = 12 months assessment; M = Mean; SD =
Standard Deviation. PROMIS = Patient-Reported Outcomes Measurement
Information System pediatric measure; NRS = Numerical Rating Scale.
Bivariate Pearson correlation coefficients between participants’ age
and the key study variables are shown in Table 3. As can be seen,
participant's age was positively and significantly correlated with sleep
disturbance and fatigue at both assessment points. All the associations
between the pairs of key study variables were positive; most were
statistically significant and in the weak (.10 < r < .30; 48%) or moderate (r

= .30 to .49; 38%) range.
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Table 3. Bivariate Pearson correlation coefficients s between key

variables.

Variable 1 2 3 4 5 6 7 8

(1) T1-Pain intensity 1 .21%* .38* .11* 27+ .04 .29% .08
(NRS)

(2) T2-Pain intensity 1 A8+ .30+ .08 157 .18f -.01
(NRS)

(3) T1-Pain 1 42+  56* 33t .68t .08
interference

(PROMIS)

(4) T2-Pain 1 24* 60+ .35 .09
interference

(PROMIS)

(5) T1-Sleep 1 36F .47 16t
disturbance

(PROMIS)

(6) T2-Sleep 1 31 11+

disturbance

(PROMIS)

(7) Fatigue 1 141
(PROMIS)

(8) Age 1
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Note: T1 = first assessment; T2 = 12 months assessment; PROMIS =
Patient-Reported Outcomes Measurement Information System pediatric
measure; NRS = Numerical Rating Scale.
*P<.05
TP <.01
P < .001
Partial cross-lagged panel structural equation analyses

The first model (Figure 1, top panel) was fully saturated and
therefore goodness of fit statistics are omitted because these were perfect.
Sleep disturbance at first assessment was not significantly associated with
pain interference and pain intensity at 12 months; and pain intensity at first
assessment was not significantly associated with sleep disturbance and
pain interference at 12 months. Furthermore, sex was not significantly
associated with pain intensity at first assessment and at 12 months; and
age was not associated with sleep disturbance at 12 months, and pain
interference and pain intensity at both assessment points (Supplementary
Table 1). In view of these results, and to adhere to the principle of
parsimony, these nonsignificant paths were removed from the model.

Fit indices indicated an excellent fit for the trimmed model (see
Figure 2, top panel): x?(8) = 5.52, P = .701, x?/df = 0. 69, RMSEA = 0.00,
90% confidence interval [Cl] for RMSEA = 0.00-0.05, pClose = 0.96, CFl =
1.00. In this model, at both time points, there was a significant positive
association between sleep disturbance and pain intensity and pain
interference, as well as between pain intensity and pain interference. Sleep

disturbance, pain interference, and pain intensity at first assessment all

131



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS

Josep Roman Juan Results

predicted measures of these domains at the 12 months assessment point.
Pain interference at first assessment was significantly associated with pain
intensity and sleep disturbance at 12 months, over and above sex and initial
levels of sleep disturbance and pain intensity, respectively. Similarly, female
sex was significantly associated with higher levels of sleep disturbance and
pain interference at 12 months over and above initial levels of sleep
disturbance and pain interference, respectively.

The second model including fatigue as a mediator (Figure 1, bottom
panel) also showed an excellent fit to the data: x?(8) = 6.20, P = .624, x?/df
= 0. 77, RMSEA = 0.00, 90% CI for RMSEA = 0.00-0.06, pClose = 0.94,
CF1 =1.00. This model yielded no significant associations between fatigue
and pain intensity at first assessment, sex, and age. Furthermore, the effect
of pain interference at first assessment on sleep disturbance at 12 months
became non-significant (Supplementary Table 2). In view of these results,
these nonsignificant paths were removed from the model.

The final model including fatigue as a mediator (see Figure 2,
bottom panel) continued to show excellent fit to the data: x?(13) = 13.55, P
= 406, x?/df = 1. 04, RMSEA = 0.01, 90% CI for RMSEA = 0.00-0.06,
pClose = 0.92, CFI = 0.99. In this model, pain intensity, pain interference,
and sleep disturbance were significantly and positively associated at both
time points. Furthermore, higher levels of sleep disturbance and pain
interference at first assessment were associated with higher levels of
fatigue, which in turn was associated with higher levels of sleep disturbance
and pain interference at 12 months over and above sex and initial levels of

sleep disturbance and pain interference, respectively. The indirect pathway
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from sleep disturbance at initial assessment to sleep disturbance at 12
months through fatigue was statistically significant (B = 0.02, SE = 0.01, z
=2.01, P=.045, 95% CIl = <.0.01 to 0.04), indicating that fatigue mediated
the positive association between sleep disturbance at initial assessment
and sleep disturbance at 12 months. Similarly, the indirect pathway from
pain interference at initial assessment to sleep disturbance at 12 months
through fatigue was statistically significant (B = 0.13, SE = 0.04, z = 3.03,
P = .002, 95% CI = 0.04 to 0.21), indicating that fatigue mediated the
positive association between pain interference at initial assessment and
sleep disturbance at 12 months. Additionally, the indirect pathway from pain
interference at initial assessment to pain interference at 12 months through
fatigue was also statistically significant (B = 0.08, SE = 0.04, z=2.20, P =
.027, 95% CI = 0.01 to 0.15), indicating that fatigue mediated the positive
association between pain interference at initial assessment and pain

interference at 12 months.

133



UNIVERSITAT ROVIRA I VIRGILI
CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN

AND ADOLESCENTS

Josep Roman Juan Results
T1 - Sleep T2 - Sleep
disturbance disturbance
T1 - Pain T2 - Pain
interference interference
Sex
Age
T1 - Pain T2 - Pain
intensity intensity
T1 - Sleep T2 - Sleep
disturbance ) disturbance
Fatigue
T1 - Pain T2 - Pain
interference interference
Sex
Age
T1 - Pain T2 - Pain
intensity intensity

Figure 1. Non-trimmed models of bidirectional associations between sleep
disturbance and pain at first assessment (T1) and 12-month follow-up (T2;
top panel) and the role of fatigue in the associations between sleep
disturbance and pain first assessment (T1) and 12-month follow-up (T2;

bottom panel).
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T1 - Sleep oas T2 - Sleep
disturbance disturbance
A5t
T1 - Pain = T2 - Pai 7"
- - Pain
interference 36* interference
20t 1
27+
Sex
A4 241
Age
T1 - Pain T2 - Pain
. . AT . :
intensity intensity
T1 - Sleep s T2 - Sleep
disturbance disturbance
13t 17t
Fatigue
.59t 4% 54+
T1 - Pain R T2 - Pain
interference ’ interference e
9% 20 .
Sex
24t
Age
T1 - Pain oot T2 - Pain
intensity intensity

Figure 2. Trimmed models of bidirectional associations between sleep

disturbance and pain at first assessment (T1) and 12-month follow-up (T2;

top panel) and the role of fatigue in the associations between sleep

disturbance and pain first assessment (T1) and 12-month follow-up (T2;

bottom panel). Indirect significant paths are in bold font. *P < 0.05, TP <

0.01, *P < 0.001.
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DISCUSSION

This is the first study to examine the role of fatigue in the co-
occurrence and mutual maintenance of sleep disturbance and pain over
time in a sample of children and adolescents with chronic pain. We
hypothesized that sleep disturbance, pain intensity, and pain interference
measured at the initial assessment would predict subsequent sleep
disturbance, pain intensity, and pain interference 12 months later; and that
fatigue would mediate these associations over time.

The findings did not support the first study hypothesis. Although we
found that sleep disturbance and pain co-occurred at both time points — as
evidenced by positive associations between sleep disturbance, pain
intensity, and pain interference — we did not find evidence for a bidirectional
association between pain intensity, pain interference, and sleep
disturbance over time. Instead, the findings suggest that pain interference
may contribute to future sleep disturbance, but sleep disturbance does not
appear to contribute to future pain interference or pain intensity. Moreover,
although pain intensity at initial assessment is associated with sleep
disturbance and pain interference at initial assessment, pain intensity
assessed at the initial assessment does not appear to contribute to pain
interference or sleep disturbance 12 months later.

These findings are not consistent with prior research showing that
sleep disturbance predicts subsequent pain interference in children and
adolescents with chronic pain [29]. Furthermore, the study findings are not
consistent with the conceptual model developed by Valrie and colleagues

[46] which hypothesizes a reciprocal influence between pain intensity and
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sleep disturbance over time in children and adolescents with chronic pain,
or with research showing that, in this bidirectional association, the effect of
insomnia symptoms on pain (pain intensity, pain interference, and pain
frequency) is stronger than vice versa [1].

Differences in the study designs used in prior research and the
current study might help explain, at least in part, the inconsistent findings.
For example, most longitudinal studies reporting significant associations
between sleep disturbance and subsequent pain intensity and pain
interference in children and adolescents with chronic pain have used a diary
design [5,20,47] or a prospective short-term follow-up design [29]. The
current study, however, was based on data from a prospective 1-year
follow-up design. We know that the temporal distance between
assessments is important, because any causal influence of one variable on
another likely has a specific time lag associated with that influence [10]. It
is possible, for example, that sleep disturbance exerts its largest impact on
the next day's or the next week's levels of pain intensity and pain
interference, but has relatively little influence over longer time lags. A
second issue is that in the current study sleep disturbance was assessed
based on the participants' recall of sleep in the past 7 days; hence the
measure may reflect the sleep disturbance as a state variable rather than
as a trait variable. The latter is more suitable in research studying longer
lag times, such as what was studied here [22]. Chronic pain, by definition,
is a stable condition [43]. The design of the current study could therefore
potentially explain why pain interference at the initial assessment predicted

subsequent sleep disturbance 12 months later but not vice versa in the
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current study. In addition, differences in the sample characteristics between
studies might also help to explain any between-study differences. For
example, the studies showing significant associations between sleep
disturbance and subsequent pain intensity and pain interference used
mixed clinical samples of children and adolescents with chronic pain [20,29]
and other chronic conditions including sickle cell disease [47] and juvenile
idiopathic arthritis [5]. Our study used a community sample of school-
attending children and adolescents with chronic pain. It is likely that clinical
samples of children and adolescents with chronic pain experience more
severe levels of sleep disturbance than children and adolescents with
chronic pain recruited from the community [23,26,27,40]. These differences
may explain the lack of a statistically significant association between sleep
disturbance and subsequent pain intensity and pain interference in the
current study sample. Differences in participants’ age could also help
explain the different findings. For example, Arnison and colleagues [1] used
a cohort of healthy adolescents that was older than the one used in this
study, and there is research showing that age moderates the association
between sleep disturbance and pain-related outcomes (e.g., pain
perception; [36]); specifically, that the association between these two
factors increases with age.

The findings also showed that fatigue measured at the initial
assessment predicted subsequent worse pain interference and sleep
disturbance over and above the effects of pain intensity, pain interference,
and sleep disturbance measured at the first assessment; hence confirming

and extending preliminary longitudinal findings [44]. The unique
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contributions of fatigue to sleep disturbance and pain interference in
children and adolescents with chronic pain underscore the need to monitor
and manage fatigue in this population.

Consistent with the second study hypothesis, fatigue was found to
explain a portion of the association found between sleep disturbance at first
assessment and at 12 months, and the association between pain
interference at first assessment and at 12 months. Specifically, we found
that changes over time in both pain interference and sleep disturbance were
mediated by fatigue, with higher levels of pain interference and sleep
disturbance at first assessment independently contributing to higher levels
of fatigue, which, in turn, were associated with increased pain interference
and sleep disturbance as measured at 12 months. Additionally, we found
that fatigue at first assessment mediated the association found between the
initial levels of pain interference and sleep disturbance 12 months later,
such that higher levels of pain interference at first assessment were
associated with higher levels of fatigue at first assessment, which, in turn,
predicted increased sleep disturbance at the 12-months assessment.
These findings confirm and extend the preliminary findings from a cross-
sectional study in which fatigue was found to explain a statistically
significant amount of the variance of the association between pain
interference and sleep disturbance in children and adolescents with chronic
pain [50]. These findings also contribute to knowledge regarding the
complex associations between sleep disturbance, pain intensity, and pain
interference in adolescents with chronic pain, and support a conceptual

model that suggests that both psychological and physiological factors
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mediate the pain-sleep association in this population [46]. If these findings
are confirmed by future studies conducted with clinical samples, they would
suggest that by targeting the fatigue associated with or due to pain and
sleep disturbance in children and adolescents with chronic pain, it might be
possible to prevent the worsening of sleep problems and pain interference
over time and reduce the impact of pain on subsequent sleep disturbance.

This study has a number of limitations that should be considered
when interpreting the results. First, the participants were recruited from a
convenience sample of children and adolescents and therefore the
generalizability of the findings may be limited. Furthermore, given that
participants were selected if chronic pain was present at the initial
assessment and 12 months later, and chronic pain was considered to be
present if it persisted 23 months, the stability of the chronic pain problem
between the two assessment points is not known. Future research should
examine times points that are closer together, if possible. Second, the
cross-lagged panel model testing mediation effects was based on just two
timepoints. This limits the ability to test the explanatory/causal role of
fatigue in the sleep disturbance-pain interrelationship. Although fatigue at
first assessment predicted subsequent sleep disturbance and fatigue, it is
unknown if sleep disturbance and pain intensity and pain interference also
preceded and predicted fatigue over time. Additional studies using a
longitudinal design that allowed for a strict test of these mediation effects,
with predictor, mediator, and outcome variables measured on multiple
occasions is needed to determine the reliability and generalizability of the

findings. Third, all measures used in this study were based on self-report,
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which increases the risk that common method variance, may explain some
of the significant associations found. Research that also included objective
measures of the study variables when possible — such as actigraphy or
polysomnography to assess sleep duration — could help to complement and
increase the overall validity and reliability in the findings.

Despite the study’s limitations, the findings provide important new
information regarding the role of fatigue in the association between pain
intensity, and pain interference, and sleep disturbance in children and
adolescents with chronic pain. The fact that fatigue was shown to explain,
at least in part, the co-occurrence and maintenance of pain interference
(but not pain intensity) and sleep disturbance over time underscores fatigue
as a factor that deserves additional study in children and adolescents with
chronic pain.
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Supplementary Table 1. Results from the non-trimmed partial cross-

lagged panel structural equation analyses.

95%ClI | 95%CI

Variables B SE |z P
(LL) | (UP)
T2 — Sleep
disturbance
T1-Sleep | .23 | .06 | 3.90 | <.001 | .11 .35
disturbance
T1 — Pain interference | .19 | .062 | 3.12 | .002 | .07 31

T1 - Pain intensity | -.10 | .05 | -1.84 | .066 | -.20 .01

Sex|.16 | .05 |3.28 |.001 | .07 .26

Age | .04 | .05 | 0.74 | 460 | -.06 A3

T2 - Pain interference

T1-Sleep | -.03 | .06 |-047 | 636 |-.15 .09

disturbance

T1 — Pain interference | .39 | .06 | 6.52 <.001 | .27 .50

T1 - Pain intensity | -.03 | .05 |-0.54 | .592 | -.13 .07

Sex | -.03 | .05 |-0.54 | 592 | -13 .07

Age | .03 | .05 | 066 | .512 |-.06 A3

T2 - Pain intensity

T1-Sleep | -.04 | .06 |-0.56 | .572 | -.16 .09

disturbance

T1 — Pain interference | .16 | .07 2.40 .017 .03 .29

T1 - Pain intensity | .17 | .06 | 3.10 | .002 | .06 .28
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Sex|.01 | .05 | 016 | .874 |-.10 K

Age | -.04 | .05 | -0.71 | 475 |-.14 .07

Covariates

T1-Sleep | .56 | .04 | 14.96 | <.001 | .48 .63
disturbance 2> T1 —

Pain interference

T1-Sleep | .27 | .05 | 5.36 | <.001 | .17 .36
disturbance 2> T1 —

Pain intensity

T1-Sleep | .24 | .05 |4.69 | <.001]| .14 .34

disturbance = Sex

T1-Sleep | .16 | .05 | 3.13 | .002 | .06 .26

disturbance > Age

T1 — Pain interference | .38 | .05 | 8.19 <.001 | .29 .48

- T1 — Pain intensity

T1 — Pain interference | .18 | .05 | 3.53 <.001 | .08 .29

- Sex

T1 — Pain interference | .07 | .05 1.30 193 | -.03 .18

- Age

T1 - Pain intensity > | -.02 | .05 | -043 | .666 | -.13 .08

Sex

T1—Painintensity > | .08 | .05 | 1.556 | .120 | -.02 18

Age

Sex >Age | .20 | .05 |3.85 | <.001] .10 .30
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T2-Sleep | .54 | .038 | 14.21 | <.001 | .46 .61
disturbance > T2 —

Pain interference

T2 — Sleep | .11 05 | 2.1 .035 | .01 .21
disturbance > T2 —

Pain intensity

T2 — Pain interference | .24 | .05 4.79 <.001 | .14 34

- T2 — Pain intensity

Note: 95%CI (LL) = lower limit of a 95% confidence interval; Cl (UL) = upper

limit; T1 = first assessment; T2 = 12 months assessment.
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Supplementary Table 2. Results from the non-trimmed partial cross-

lagged panel structural equation analyses including fatigue as a

mediator.
95%ClI | 95%CI
Variables B SE | z P
(LL) (UP)
T2 — Sleep
disturbance
T1-Sleep | .23 | .05 | 463 | <.001 | .13 .33
disturbance
T1-Pain| .05 |.07 | 0.68 | .494 |-.09 18
interference
Fatigue | .15 | .06 | 2.37 | .018 | .03 .28
Sex | .18 | .05 | 3.65 | <.001 | .08 27
T2 - Pain
interference
T1-Pain| .26 |.06|3.99 |<.001 |.13 .39
interference
Fatigue | .14 | .06 | 2.22 | .026 | .02 27
Sex |.20 |.05|4.26 |<.001 | .11 .29
T2 - Pain intensity
T1-Pain| .07 |.07 {095 |.340 |-.07 21
interference
T1 - Pain intensity | .17 | .05 | 3.18 | .001 .07 27
Fatigue | .10 | .07 | 1.40 | .163 | -.04 23
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Fatigue
T1—Sleep | .11 05234 |.019 | .02 21
disturbance
T1-Pain | .58 | .04 | 12.80 | .000 | .49 67
interference
T1 - Painintensity | .03 | .04 | 0.77 | .440 |-.05 A2
Sex | .005 | .04 | 0.12 | .904 | -.08 .09
Age | .07 | .04 |1.72 |.086 | -.01 15
Covariates
T1-Sleep | .56 | .04 | 14.91 | <.001 | .48 .63
disturbance - T1 —
Pain interference
T1-Sleep | .27 | .05 | 540 | <.001 | .17 37
disturbance > T1 —
Pain intensity
T1-Sleep | .24 | .05 | 473 | <.001 | .14 .34
disturbance > Sex
T1-Sleep | .16 | .05 | 3.17 | 0.002 | .06 27
disturbance > Age
T1-Pain | .38 |.05|8.08 |<.001 | .29 47
interference > T1 —
Pain intensity
T1-Pain| .19 |.05|3.69 |<.001 | .09 .29
interference > Sex
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Sex >Age | .20 |.05|3.85 |<.001 | .10 .30
T2—-Sleep | .53 | .04 | 14.03 | <.001 | .46 .61
disturbance 2> T2 —
Pain interference
T2 —Sleep | .11 .05 (198 |.045 |.002 .20
disturbance 2> T2 —
Pain intensity
T2—-Pain| .23 | .05|4.68 |<.001 | .14 .33
interference > T2 —
Pain intensity

Note: 95%CI (LL) = lower limit of a 95% confidence interval; Cl (UL) = upper

limit; T1 = first assessment; T2 = 12 months assessment.
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4.8. Study VIl

Psychological factors and pain medication use in adolescents with chronic

pain.
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Abstract
Objective: The purpose of this study was to examine (1) the associations of anxiety, depressive symptoms, and pain catastrophizing with pain
medication use in adolescents with chronic pain and (2) the extent to which these associations differed as a function of adolescents’ sex.

Methods: Cross-sectional data from 320 adolescents 12-18years of age with chronic pain were drawn from an epidemiological study on pedia-
tric chronic pain conducted in Reus (Catalonia, Spain). Participants were asked to provide sociodemographic information and respond to
measures assessing pain (location, frequency, intensity, and interference), pain medication use, anxiety, depressive symptoms, and pain cata-
strophizing. Point biserial correlations were conducted to examine univariate associations between the psychological variables and pain medica-
tion use. Hierarchical logistic regression analysis was used to examine these associations while controlling for demographic characteristics, pain
intensity, and pain interference.

Results: Anxiety, depressive symptoms, and pain catastrophizing were significantly associated with pain medication use in univariate analyses.
Regression analysis identified pain catastrophizing as a unique independent predictor of pain medication use after controlling for the effect of
demographic variables (sex and age), pain intensity, and pain interference (odds ratio=1.1, P<.05). No moderating effect of adolescents’ sex on
the associations between psychological factors and pain medication use was found.

Conclusions: Adolescents with chronic pain with higher levels of pain catastrophizing use pain medications more often. Research to examine
the impact of interventions targeting pain catastrophizing on pain medication use among adolescents with chronic pain would be an important
next step.

Keywords: adolescents; pain medication; chronic pain; pain catastrophizing

as a function of pain intensity and pain-related disability.
However, if pain medication use is driven by psychological
factors (eg, psychological distress, catastrophizing) over and
above pain-related factors such as pain intensity, this would
suggest the possibility of a misguided use of pain medications.
In this case, it would be important to identify those specific
psychological factors that contribute to pain medication use,
as this would allow for the development of interventions that
could reduce misguided medication use and improve pain
management.

However, knowledge of the association between psycholog-
ical factors and pain medication use in adolescents with
chronic pain is significantly limited. We are aware of only one

Introduction

Chronic pain is a common health condition in adolescents,'™
and between 18% and 65% of adolescents with chronic pain
from the general population use pain medications to manage
their pain.* Research findings also suggest that the frequency
of medication use in this population is increasing over time.’
Although there is clearly a role for pain medications for acute
pain, long-term medication use for chronic pediatric pain is
not an optimal solution. In fact, the effectiveness of pain med-
ications for pediatric chronic pain has not been demon-
strated.® Furthermore, some of the most commonly used pain
medications, such as nonsteroidal anti-inflammatory drugs
(eg, ibuprofen) and analgesic drugs (eg, paracetamol), are

associated with several side effects, and their long-term safety
is unclear.””® Therefore, an adequate use of pain medications
in children and adolescents with chronic pain is of most
importance.

Several demographic (eg, sex, age) and pain-related charac-
teristics (eg, pain intensity, pain-related disability, pain fre-
quency, pain extent) have been found to be associated with
pain-related medication use in children and adolescents.**~!!
When pain medication is used appropriately, it would be rea-
sonable to expect pain-related medication use to vary mostly

study that has examined this issue.* The findings from that
study showed that anxiety and depressive symptoms were sig-
nificantly and positively associated with pain medication use
in adolescents with chronic pain in univariate analyses.
However, this association did not remain significant in multi-
variate analysis after other pain-related factors had been con-
trolled for, including pain intensity and pain-related
disability. Those investigators recommended that future
research should continue studying this topic and expand the
predictor variables examined to include pain-related cognitive
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factors, such as pain catastrophizing. In support of the possi-
bility that catastrophizing could be associated with pain medi-
cation use in children and adolescents, research in adults with
chronic pain has shown that pain catastrophizing is associ-
ated with pain medication use'*'? and with inappropriate use
of pain medications.'*~1°

Given these issues, the aim of the present study was to eval-
uate the extent to which anxiety, depressive symptoms, and
pain catastrophizing were associated with pain medication
use in a community sample of adolescents with chronic pain,
both in univariate analyses and with controlling for demo-
graphic factors (sex and age) and pain-related factors (pain
intensity and pain interference). On the basis of prior research
in adolescents* and adults,"*"'® we hypothesized significant
positive univariate associations between anxiety, depressive
symptoms, and pain catastrophizing and pain medication use.
We also hypothesized that the associations of anxiety and
depressive symptoms with pain medication use would be viti-
ated by controlling for sex, age, pain intensity, and pain inter-
ference, whereas pain catastrophizing would emerge as a
significant independent predictor of pain medication use.
Additionally, given prior research showing that adolescent
girls report higher levels of psychological dysfunction'”'
and pain medication use,® we also hypothesized that sex
would have a moderating effect on the associations examined.

Methods

Study design

This study used a cross-sectional observational design. Data
were collected between October 2018 and March 2020,
before the lockdown due to COVID-19, as an initial assess-
ment of an ongoing longitudinal epidemiological study at 10
schools in the Southeast of Catalonia, Spain (EPIDOL
Project). An article presenting the primary findings derived
from these data has been published.> However, that article
did not address the study questions that are the focus of the
present article. The ethics committee of the Universitat Rovira
i Virgili approved the study (Institut d’Investigacié Sanitaria
Pere Virgili; ref.: 136/2018).

Procedure

All parents of schoolchildren in the participant schools who
were 8-18years of age and able to read, write, and speak
Spanish received a letter explaining the study and asking them
to provide their consent for their children to participate.
Schoolchildren’s participation required both the students’ and
parents’ assent and consent, respectively. Participating stu-
dents completed a paper-and-pencil survey during the school
day, following the instructions provided by the research staff.
For participation in this study, children received a 3€ gym
sack and calendar (see Mir¢ et al.? for additional information
on the procedure).

Participants

For the purposes of the study presented here, only partici-
pants who reported chronic pain—defined as pain that had
lasted for at least 3 months and that was present at least once
a week—and who were 12 years of age or older were included
for data analysis, as the younger children were not asked to
report on pain medication use.

Pain Medicine, 2023, Vol. 24, No. 10

Variables and measures

Demographic characteristics

Participants were asked to provide information about their
sex and age.

Pain characteristics

Participants were asked to provide information about any
pain problem they had experienced in the previous 3 months.
The frequency of each pain problem was assessed on a 5-point
Likert scale (1= “every day,” 2= “more than once a week,”
3="“once a week,” 4=“one or two times per month,”
5 = “once in the last 3 months”). On the basis of previous epi-
demiology studies, participants were classified as experiencing
chronic pain if they reported pain at least once a week for at
least 3 months. >3 In addition, those who reported
that they had pain during the prior 3 months were provided
with a pain site checklist that had been used in previous stud-
ies®>?*2¢ to assess pain location. It included 11 specific loca-
tions (ie, head, neck, chest, shoulders, back, arms, hands,
bottom/hips, belly/pelvis, legs, feet) and an “other” category.
Participants with more than one pain location were consid-
ered to have multisite pain. Participants were also asked to
rate their usual (average) and maximum pain intensity in the
prior week for each pain location on a 0-10 numerical rating
scale (NRS-11), where 0 =“no pain” and 10 = “very much
pain.” The NRS-11 has been shown to provide reliable and
valid scores when used with children as young as 6 years of
age.”” Following the procedure of prior studies,"'"*® for
analyses we computed a mean score from the usual (average)
and maximum pain intensity scores to represent chronic pain
intensity. When participants reported multisite chronic pain,
the highest usual (average) and the highest maximum pain
intensity scores were selected to calculate chronic pain inten-
sity. When this mean score could not be calculated because of
missing values in usual (average) or maximum pain intensity,
we chose either the highest maximum or the highest usual
(average) pain intensity scores, respectively.

Pain-related interference

Pain interference was assessed with the Spanish version of the
8-item pediatric Patient-Reported Outcomes Measurement
Information System (PROMIS) Pain Interference scale v2.0
(PROMIS-PI).*? With the PROMIS-PI, respondents are asked
to rate how often pain had interfered with their physical, psy-
chological, and social functioning over the prior 7 days, with
each response measured on a Likert scale (1= “never” to
5 = “almost always”). Scores are based on a T-score distribu-
tion with a mean of 50 points and a standard deviation of 10.
Previous studies have shown that the pediatric form of the
PROMIS-PI provides reliable and valid data for pain interfer-
ence when used in children and adolescents as young as
8years of age.”” In the present sample, Cronbach’s alpha
(x=0.86) indicated good reliability for the PROMIS-PI scale.

Psychological characteristics

Anxiety and depressive symptoms were assessed with the
Spanish version of the 4-item short form from the anxiety and
depression symptom subscales of the PROMIS Pediatric-25
Profile Form v2.0.>° Participants were asked to rate the fre-
quency with which they had experienced 4 anxiety symptoms
and 4 depressive symptoms in the prior 7days, with each
response measured on a Likert scale (1=“never” to
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5 =“almost always”). Scores for anxiety and depressive
symptoms are based on a T-score distribution with a mean of
50 points and a standard deviation of 10. The Pediatric-25
Profile Form scales have been shown to be able to report reli-
able and valid scores of anxiety and depressive symptoms.>
In the present sample, Cronbach’s alpha for the measures of
anxiety («=0.84) and depressive symptoms (x=0.87) indi-
cated good reliability for these scales.

Pain catastrophizing was assessed with the Spanish version
of the Pain Catastrophizing Scale for children (PCS-C).3*33
The PCS-C is a 13-item measure that use a 5-point Likert
scale (0= “not at all” to 4 = “always”) to assess the tendency
of children to catastrophize about their pain. Items were
summed, yielding a total score ranging from 0 to 52, with
higher scores indicating greater pain catastrophizing. Reports
from the PCS-C have been shown to be valid and reliable
when used with children and adolescents.’>** In the present
sample, Cronbach’s alpha for this scale («=0.87) indicated
good reliability for the PCS-C.

Pain-related medication use

Participants were asked to respond (yes/no) to whether they
had taken medications for their pain during the prior
3 months. In the event that a “yes” was chosen, participants
were asked to indicate the type of medications they had taken,
with the following options: ibuprofen, paracetamol, aspirin,
and an “other” option. If the “other” option was chosen, par-
ticipants were asked to report the specific pain medication
they had taken.

Data analysis

We first computed descriptive statistics for the demographic
and study variables to describe the sample. Chi-squared anal-
yses were performed to study the associations between spe-
cific chronic pain locations and pain medication use for
descriptive purposes. Then, to test the hypotheses and study
questions about the univariate associations between the study
predictors and pain medication use, we computed a series of
point-biserial correlation coefficients between the study crite-
rion measure (ie, pain medication use as a dichotomous varia-
ble) and the 3 psychological variables (ie, anxiety, depressive
symptoms, and pain catastrophizing). Then, to test the
hypotheses about the role of psychological variables as pre-
dictors of medication use when controlling for sex, age, pain
intensity, and pain interference, we conducted a multivariate
logistic regression analysis, with (1) pain-related medication
use as the criterion variable, (2) adolescents’ sex and age and
measures of pain intensity and pain interference as control
variables, and (3) measures of anxiety, depressive symptoms,
and pain catastrophizing as predictors. In these analyses, we
first entered sex and age in step 1, measures of pain intensity
and pain interference in step 2, and measures of the study pre-
dictors (ie, anxiety, depressive symptoms, and pain cata-
strophizing) in step 3. Finally, to test the hypotheses about the
potential moderating effects of adolescents’ sex on the associ-
ations between psychological factors and pain-related medica-
tion use, we entered in step 4 the first-order interaction terms
between sex and the 3 psychological factors (sex x anxiety,
sex x depressive symptoms, and sex X pain catastrophizing).
In the event that any interaction effect between sex and any
psychological variable emerged as significant, we planned to
compute the zero-order associations between the psychologi-
cal factor involved and the criterion variable separately for
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boys and girls. Before conducting the multivariate analysis,
we assessed assumptions of multicollinearity of the study pre-
dictors to confirm that they met the assumptions for regres-
sion. No violations of assumptions were identified, as
variance inflation factor values were all less than 2.0 (1.07-
1.85), consistent with guidelines.** Goodness-of-fit of the
multivariable regression was assessed by computing
Nagelkerke’s R? index. A 2-tailed significance level of P <.05
was defined as statistically significant. Pairwise deletion was
used to handle missing values. All data analyses were con-
ducted in STATA 14 (Stata Corp., Texas, USA).

Results
Sample characteristics

A total of 532 schoolchildren participated. Of those, 320 par-
ticipants (60%) reported having chronic pain and comprised
the final study sample. Table 1 presents the demographic,
pain-related, and psychological characteristics of the study
sample. More than a half were girls (63%), and the mean age
of the participant sample was 14.02years (SD=1.61,
range = 12-18 years). The most common chronic pain loca-
tions in the sample were the back (45%) and the head (44%),
and more than a half of participants reported having pain at
more than one site (65%). A total of 249 adolescents (78 %)
reported that they had taken pain medications in the previous
3 months to manage pain. Most frequently, adolescents taking
pain  medications reported taking nonsteroidal anti-
inflammatory drugs (89%) such as ibuprofen or aspirin, fol-
lowed by non-opioid analgesics (52%) such as paracetamol.
Seven percent of adolescents reported taking other medica-
tions for their pain, such as calcium channel blockers or anti-
depressants. The analyses indicated that adolescents who
reported pain in the belly/pelvis were more likely to take pain
medications—especially  nonsteroidal  anti-inflammatory
drugs—whereas those who reported pain in the shoulders
were more likely to take non-opioid analgesics (see
Supplementary Table S1).

Associations between the study predictors and pain
medication use

Point-biserial correlations revealed weak and positive signifi-
cant associations between pain medication use and anxiety
(rpbis=0.15, df=291, P=.011), depressive symptoms
(*pbis=0.16, df=294, P=.007), and pain catastrophizing
(7pbis = 0.20, df =279, P <.001).

The results of the multivariable logistic regression model
predicting pain-related medication use are presented in
Table 2. As can be seen, sex and age made a significant 6%
contribution to the prediction of pain medication use ()
change =8.41, df =2, P=.015), with this effect being mostly
related to sex. Specifically, the odds of pain medication use
were almost 3 times higher in female participants than in male
participants. Pain intensity and pain interference, as a whole,
made an additional significant contribution to the prediction
of pain-related medication use (x*> change=6.39, df=2,
P =.041), accounting for 4% of the variance in the criterion
variable. However, this effect was related mostly to pain inter-
ference. As can be seen, the odds ratio associated with this
analysis indicated that for a 1-unit increase in pain interfer-
ence score, the odds of reporting pain medication use being
positive significantly increased by a factor of 1.
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The block of predictors including anxiety, depressive symp-
toms, and pain catastrophizing made an additional 8% signif-
icant contribution to the explanation of the variance in the
criterion variable (3> change =11.94, df=3, P=.008). That

Table 1. Sample characteristics of adolescents with chronic pain (n=320)

n %  Mean SD Range
Demographics
Sex
Male 117 37
Female 203 63
Age, years 14.02 1.61 12-18
Chronic pain characteristics
Pain locations
Head® 141 44
Neck” 69 22
Chest/breast® 25 8
Shoulders® 70 22
Back! 143 45
Arms© 29 9
Hands® 28 9
Bottom/hips 19 6
Belly/pelvis® 62 19
Legs® 79 25
Feet® 63 20
Other locations’ 32 10
Pain extent
Single-site chronic pain 111 35
Multisite chronic pain 209 65
Pain intensity® 6.80 1.88 0-10
Pain interference” 53.40 8.83 20-80
Pain medication use' 249 78
Nonsteroidal anti- 221 89
inflammatory drugs
Non-opioid analgesics 130 52
Other 18 7
Psychological characteristics
Anxiety’ 56.16 10.96  20-80
Depressive symptoms* 55.30  11.20  20-80
Pain catastrophizingk 21.39  10.57 0-52
af 41 varies because of nonresponses.
? n=316 (missing =4); b =314 (missing=6); ¢ n=319
(missing = 1); 7n=313 (missing=7); n =312 (missing = 8);
Fn=317 (missing=3); ® n=271 (missing=49); b =311

(missing = 9); n=296 (missing=24); ' n=315 (missing=>5);
K 51=304 (missing = 16).
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said, however, a closer look at the odds ratio indicated that
only pain catastrophizing made a significant independent con-
tribution (ie, with controlling for the other variables) to this
effect. Specifically, for a 1-unit increase in the pain cata-
strophizing score, the odds of reporting pain medication use
being positive significantly increased by a factor of 1.1. No
significant interactions between sex and any of the examined
psychological factors emerged in the regression analysis pre-
dicting pain medication use.

Discussion

The aim of this study was to evaluate the associations
between measures of three psychological factors (ie, anxiety,
depressive symptoms, and pain catastrophizing) and pain
medication use and to examine the potential moderating role
of sex and age on these associations in a community sample
of adolescents with chronic pain. This study provides new
data that could help us to better understand the factors that
might contribute to pain medication use, prevent inadequate
use of pain medications, and thereby improve the manage-
ment of chronic pain in this population.

In the present study, consistent with the findings from other
research studies on chronic pain in adolescents and
adults,**>3¢ and in support of our hypotheses, univariate
analyses revealed that anxiety, depressive symptoms, and
pain catastrophizing were positively associated with pain
medication use. However, and also supporting the study’s
hypotheses, of the 3 factors examined in the multivariate
model, only pain catastrophizing emerged as a statistically sig-
nificant predictor. These findings suggest that pain cata-
strophizing could play a unique role in pain medication use,
separate from those of pain intensity and pain interference.
This finding is consistent with results of studies showing that
pain catastrophizing independently contributes to pain medi-
cation use, and especially to the use of opioids, in adults with
chronic pain.'®3%:37:3% However, to the best of our knowl-
edge, the present study is the first study to report this in a
sample of adolescents with chronic pain. Research is needed
to confirm this finding and to study whether other pain-
related cognitive factors, such as attitudes toward pain and its
management (eg, the belief that the individual can control the

Table 2. Multivariate analyses of factors associated with pain medication use (n=231)

Step 1 OR (95% CI)

Step 2 OR (95% CI)

Step 3 OR (95% CI) Step 4 OR (95% CI)

Control variables

Sex (ref: boys) 2.7 (1.3-5.7)** 2.3 (1.1-4.9)* 2.0 (0.9-4.5) 0.5 (0.0-61.8)
Age 1.1(0.9-1.4 1.1(0.9-1.4) 1.1 (0.8-1.4) 1.0 (0.8-1.3)
Pain intensity 1.1(0.9-1.4) 1.1(0.9-1.4) 1.1 (0.9-1.4)
Pain interference 1.0 (1.0-1.1)* 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Psychological factors
Anxiety 1.0 (0.9-1.0) 1.0 (0.9-1.0)
Depressive symptoms 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Pain catastrophizing 1.1 (1.0-1.1)* 1.1 (0.9-1.6)
Interactions
Sex x anxiety 0.9 (0.9-1.0)
Sex x depression 1.1 (0.9-1.2)
Sex x pain catastrophizing 1.0 (0.9-1.1)
Nalgerke pseudo R?, % 6.2 10.8 19.1 20.8

Wald »? 8.41,df=2,P=.015

6.39, df=2, P=.041

11.94, df=3,P=.008 2.53,df=3,P= .47

* P<.0S.
#*  P<.01.
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pain or whether the individual believes in a medical cure for
the pain problem), contribute to pain medication use.

Inconsistent with the study hypotheses about interaction
effects, we found no moderating effects of sex on the associa-
tions between any of the psychological variables and pain
medication use. Research in adults with chronic pain has
shown that pain catastrophizing appears to have a stronger
relationship with opioid prescription in women than in
men." Given the inconsistent findings, as well as the limited
number of studies on this important issue, further research
addressing this question in both youth and adults is
warranted.

If the present study findings were replicated, they would
raise the possibility that adolescents with chronic pain with
higher levels of pain catastrophizing might be using pain med-
ications regardless of their pain intensity and pain interfer-
ence. If that was the case, it would raise the possibility that
these adolescents might be using pain medications misguid-
edly. In addition, pain medications for children and adoles-
cents with chronic pain represent a substantial cost to health
care systems,”” and medication use-related behavior adopted
in adolescence often continues into adulthood.*® Thus, a mis-
guided use of pain medications in adolescents with chronic
pain might contribute to a misguided use of pain medication
in adulthood, increasing the already-high financial burden of
chronic pain in adults with chronic pain.*! It is also important
to limit any misguided use of pain medications in children
and adolescents, given the negative side effects that some of
these pain medications can have in this population.”®

The present study findings also highlight the potential
importance of interventions addressing pain catastrophizing
in adolescents with chronic pain for possibly preventing or
limiting misguided pain medication use. Evidence supports
the efficacy of psychological interventions for reducing cata-
strophizing in this population.** At a community level, imple-
menting these and similar approaches in school settings could
potentially help teach adolescents more adaptive pain coping
skills. In support of this idea, school-based educational pro-
grams focusing on chronic pain have been shown to promote
students’ adaptive pain attitudes,*® as well as both adaptive
coping strategies and pain cognition changes.** However, the
extent to which these interventions also prevent misguided
medication use needs to be systematically studied.

Several limitations should be considered in the interpreta-
tion of the findings of this study. First, we used a cross-
sectional design. This precludes any causal conclusions.
Therefore, longitudinal studies examining the temporal
sequences of changes in pain medication use and catastrophiz-
ing, which are a necessary condition to establish causal rela-
tionships, are needed to determine the direction of the effects.
Second, the data for this study were collected from a conven-
ience sample of children and adolescents from the community.
Thus, the sample might or might not be representative of the
population of youth with chronic pain, including both those
receiving and those not receiving active pain treatment in pain
clinics. Research is therefore needed to determine the general-
izability of the study findings. Fourth, the definition of pain
medication use in this study was fairly liberal (ie, one pain
medication intake in the prior 3 months). Different findings
might have emerged if the participants had needed to take
more pain medications to be classified as pain medication
users. In addition, assessing pain medication differently (for
example, asking about frequency of pain medication intakes
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or number of intakes per month or week) could have resulted
in different findings. Future research should include more pre-
cise ways of assessing pain medication intake, as different psy-
chosocial factors could become relevant depending on the
patients’ characteristics (eg, being an episodic vs persistent
pain medication user).

Despite the study’s limitations, the findings provide new
information that helps us to better understand the factors
associated with more pain medication use in adolescents with
chronic pain. The finding that pain catastrophizing predicted
pain medication use over and above pain intensity and pain
interference raises the possibility that adolescents with higher
levels of pain catastrophizing could be using pain medications
misguidedly. Research to examine the impact of interventions
targeting pain catastrophizing on pain medication use is
warranted.

Supplementary material

Supplementary material is available at Pain Medicine online.
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Abstract

Objectives: This study aimed to (1) examine the extent to which the association between exposure to adverse childhood events (ACEs) and hav-
ing chronic pain in adolescents is explained by the association between exposure to ACEs and sleep disturbance and (2) explore the role of sleep
disturbance in the association between exposure to ACEs and anxiety and depressive symptoms in adolescents with chronic pain.

Methods: Cross-sectional data from 469 adolescents aged 13-18years old were drawn from an epidemiological study on pediatric chronic pain

conducted in Catalonia (Spain). Participants provided self-reports of demographic characteristics, exposure to ACEs, pain characteristics, sleep
disturbance, anxiety, and depressive symptoms. Mediation and moderation models were conducted.

Results: Sleep disturbance explained a significant amount of the variance in the association between exposure to ACEs and the presence of
chronic pain. Moreover, sleep disturbance explained a significant amount of the variance in the association between exposure to ACEs and
depressive symptoms and moderated the association between exposure to ACEs and anxiety in adolescents with chronic pain.

Conclusion: The study findings suggest the possibility that addressing sleep disturbance in adolescents exposed to ACEs may help to prevent

the development of chronic pain, anxiety, and depressive symptoms in those adolescents who already have chronic pain.
Keywords: adolescents; adverse childhood events; anxiety; chronic pain; depressive symptoms; sleep disturbance.

Introduction

Adverse childhood events (ACEs) refer to a wide range of
experiences (e.g., abuse, neglect, household dysfunction) that
occur before the age of 18 years and can exert a significant
negative impact on the individual (Centers for Disease
Control and Prevention, 2019). Research indicates that ACEs
are prevalent in the general population (Gilbert et al., 2015;
Merrick et al., 2018), with nearly half of children and adoles-
cents being exposed to one or more ACE during their child-
hood (Bethell et al., 2014; Crouch et al., 2019).

Research has shown that children and adolescents who have
been exposed to ACEs have twice the rates of chronic pain, com-
pared to those with no reported ACEs, with this association
increasing in a graded dose-response fashion (Groenewald et al.,
2020). Groenewald and colleagues (2020) recommended that
future research should seek to identify the mechanisms that
might explain this association. Specifically, they suggested that
posttraumatic stress symptoms such as sleep disturbance—
which along with hypervigilance, constitutes one of the four
symptom clusters utilized to diagnose posttraumatic stress disor-
der (American Psychiatric Association, 2013)—could serve as
potential mediators of the association between exposure to
ACEs and chronic pain. This hypothesis aligns with a concep-
tual model proposing that posttraumatic stress symptoms,
including sleep disturbance, could potentially lead to the devel-
opment of chronic pain by increasing pain sensitivity and

decreasing the child’s ability to cope adaptively with pain
(Holley et al., 2016). Furthermore, research has shown that
exposure to trauma is associated with a generalized state of
physiological and neurobiological hyperarousal that contributes
to the development of sleep disturbance (Riemann et al., 2010;
Sinha, 2016). Also, there is mounting research suggesting that
sleep problems are a reliable predictor of chronic pain in chil-
dren and adolescents (for a review see, Finanet al., 2013).

On the other hand, research has shown that a history of
exposure to ACEs is not a reliable predictor of pain-related
outcomes, including pain intensity and pain interference, in
youth with chronic pain (Nelson et al., 2017, 2018, 2021).
However, exposure to ACEs has been shown to be associated
with psychological symptoms such as anxiety and depressive
symptoms in this population in both cross-sectional (Nelson
et al., 2018) and longitudinal studies (Nelson et al., 2021). In
addition, these associations have been found to be moderated
by posttraumatic stress symptoms. For example, in one study,
Nelson et al. (2021) found that the association between expo-
sure to ACEs and anxiety and depressive symptoms was exa-
cerbated by the child’s posttraumatic stress symptoms in a
sample of children with chronic pain. However, the specific
role of sleep disturbance in the relationship between exposure
to ACEs and anxiety and depressive symptoms in youth with
chronic pain has yet to be determined.

Given that sleep disturbance is a modifiable consequence of
ACEs, it would be important to examine how these factors
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interact in order to understand the association between ACEs
and chronic pain, as well as between a history of exposure to
ACEs and anxiety and depressive symptoms in youth with
chronic pain. This knowledge could aid in reducing the risk of
developing chronic pain—which is a highly prevalent condi-
tion among children and adolescents worldwide (Gobina
et al., 2019; Roy et al., 2021)—and preventing anxiety and
depressive symptoms in youth with chronic pain who have
been exposed to ACEs.

Given these considerations, the current study had two aims.
First, we sought to determine the extent to which sleep dis-
turbance indirectly explained the association between the
number of ACEs and chronic pain in adolescents. Based on
the conceptual model developed by Holley et al. (2016),
research showing a higher prevalence of chronic pain and
sleep disturbance in children and adolescents exposed to
ACEs compared to those who are not exposed to ACEs
(Groenewald et al., 2020; Wang et al., 2016), and research
consistently showing a positive association between sleep dis-
turbance and the development chronic pain in children and
adolescents (Finan et al., 2013), we hypothesized that sleep
disturbance would explain a significant amount of the var-
iance in the association between the number of ACEs and the
presence of chronic pain. Second, we sought to determine the
extent to which the severity of sleep disturbance indirectly
explained the associations between the number of ACEs and
anxiety and depressive symptoms in adolescents with chronic
pain. Given the data showing that posttraumatic stress symp-
toms mediate the exposure to trauma and pain-related out-
comes in adults with chronic low back pain (Pegram et al.,
2017) and that posttraumatic stress symptoms moderate the
association between exposure to ACEs and anxiety and
depressive symptoms in adolescents with chronic pain
(Nelson et al., 2021), we explored two alternative models: (1)
that sleep disturbance severity would explain a significant
amount of the variance of the positive association between
the number of ACEs and both anxiety and depressive symp-
toms and (2) that sleep disturbance would moderate the asso-
ciation between the number of ACEs and both anxiety and
depressive symptoms, such that those with a higher score on a
measure of sleep disturbance would evidence a stronger asso-
ciation between the number of ACEs and anxiety and depres-
sive symptoms than those with a lower score on a measure of
sleep disturbance.

Methods
Study Design and Participants

This cross-sectional study uses data from the initial assess-
ment of a sample of children and adolescents participating in
the EPIDOL project, an ongoing epidemiological study of
pain in children and adolescents conducted in the Southeast
of Catalonia (Mir6 et al., 2023). This project was designed to
determine the factors contributing to the development and
maintenance of chronic pain in children and adolescents. In
addition, although the study did not focus specifically on
posttraumatic stress disorders, data on ACEs and sleep dis-
turbance were also collected.

Inclusion criteria for the current study were as follows: (1)
being at least 13 years old and (2) being able to read, write,
and speak Spanish. Exclusion criteria were having any cogni-
tive impairment that would limit the ability to participate.

Roman-Juan et al.

The rationale for including youth aged 13 years old or older is
that the measure of ACEs used in this study was designed to
be used by individuals aged 13-19 years old.

In total, 469 schoolchildren 13 years old or older took part
in the EPIDOL project, and this is the sample of participants
that provided data for this study.

Procedure

Data for the current analyses were collected between
February and June of 2022 at 20 schools located at the
Southeast of Catalonia, representing 67% of the total number
of schools initially approached (7 = 30). All parents of school-
children aged between 8 and 18 attending these schools
(N=35,328) were sent a letter explaining the EPIDOL project
and asked to provide consent for their child to participate. In
total, 1,721 parents agreed that their children could partici-
pate in the study. Of these, 1,564 schoolchildren provided
complete or mostly complete data (see Roman-Juan et al.,
2023 for a detailed description of the whole sample).
Participating students received a gym sack and a calendar for
their participation (approximate value = €3 each). As noted
previously, only those aged 13years old or older, whose
parents provided consent, took part in the study; the total
sample size of participants in this study is N=469. Data were
obtained using a paper-and-pencil survey that was adminis-
tered during the school day. The ethics committee of the
Universitat Rovira i Virgili approved the study (Institut
d’Investigacié Sanitaria Pere Virgili; ref.: 136/2018).

Measures
Demographic Variables

All participants were asked to provide information about
their age and biological sex at birth.

Chronic Pain and Pain Intensity

The presence/absence of chronic pain and (for those with
chronic pain) average pain intensity was assessed using the
first and second items of the pediatric version of the Graded
Chronic Pain Scale-Revised (Von Korff et al., 2020), recently
adapted and validated in a sample of children and adolescents
(Roman-Juan et al., 2023). The first item asks individuals, “In
the past 3 months, how many times did you have pain?” with
response options “Never,” “Some days,” “Most days,” and
“Every day.” Following the procedure described by Roman-
Juan et al. (2023), a participant was considered to have
chronic pain if they reported pain most days or every day.
The second item asks participants to rate the intensity of their
average pain in the past 7 days by asking them, “On average,
which number best describes your pain?” with response
options ranging from 0 = No pain to 10 = A lot of pain.

Adverse Childhood Experiences

Adverse childhood experiences were assessed using the Center
for Youth Wellness Adverse Childhood Experiences
Questionnaire Teen Self-Report (CYW ACE-Q Teen SR;
Purewal et al., 2016). With this questionnaire, respondents
are asked to indicate the number of times they have been
exposed to 19 events at any point since they were born. In
order to maintain consistency with previous research that has
assessed ACEs in the general youth population (Groenewald
et al., 2020), in this study, we used nine items that included:
(1) “Your parents or guardians were separated or divorced;”
(2) “You lived with a household member who served time in
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jail or prison;” (3) “You lived with a household member who
was depressed, mentally ill or attempted suicide;” (4) “You
saw or heard household members hurt or threaten to hurt
each other;” (5) “A household member swore at, insulted,
humiliated, or put you down in a way that scared you or a
household member acted in a way that made you afraid that
you might be physically hurt;” (6) “More than once, you
went without food, clothing, a place to live, or had no one to
protect you;” (7) “You lived with someone who had a prob-
lem with drinking or using drugs;” (8) “You have lived with a
parent or guardian who died;” and (9) “You have often been
treated badly because of race, sexual orientation, place of
birth, disability or religion.” Following the procedure
described by Nelson et al. (2021), we modified the original
questionnaire in such a way that all ACEs were categorized as
binary (Yes/No). A total score ranging from 0 to 9 was then
computed by summing all the positive responses, which
reflected the number of ACEs experienced by each partici-
pant. We used the Spanish version of the CYW ACE-Q Teen
SR available at https://centerforyouthwellness.org/aceq-pdf/.

Sleep Disturbance

Sleep disturbance was assessed using the Spanish version of
the 4-item PROMIS pediatric Sleep Disturbance short form
V1.0. With this form, respondents are asked to indicate how
often they experienced four different sleep issues over the past
7 days using a S-point Likert scale (1 = “Never,” 2 =
“Almost never,” 3 = “Sometimes,” 4 = “Often,” 5 =
“Almost always”). Sample items are “I had difficulty falling
asleep” and “I slept through the night” (negatively scored).
Raw scores are transformed to T-scores, with a mean of 50
points and an SD of 10 in the normative sample. Higher
scores reflect more frequent sleep disturbance. Pediatric
PROMIS measures have been shown to provide valid and reli-
able information in individuals aged 8-17 years (Varni et al.,
2014). The internal consistency of the scores of this short
form in the sample of adolescents as a whole was good
(Cronbach’s alpha = .89) and in the group of adolescents
with chronic pain was excellent (Cronbach’s alpha = .90).

Anxiety and Depressive Symptoms

Anxiety and depressive symptoms were assessed using the
Spanish versions of the 4-item Anxiety and Depression scales
from the PROMIS Pediatric-25 Profile Form v.2. With these
forms, respondents are asked to indicate how often they expe-
rienced different anxiety and depressive symptoms over the
past 7 days using a 5-point Likert (1 = Never, 2 = Almost
never, 3 = Sometimes, 4 = Often, 5 = Almost always).
Sample items from the Anxiety short form include “I felt like
something awful might happen” and “I felt nervous.” Sample
items from the Depression short form include “I felt every-
thing in my life went wrong” and “I felt lonely.” Raw scores
are transformed to T-scores with a mean of 50 points and an
SD of 10 in the normative sample. Higher scores on these
measures reflect more frequent anxiety and depressive symp-
toms, respectively. Pediatric PROMIS measures have been
shown to provide valid and reliable information in individuals
aged 8—17 years (Varni et al., 2014). The internal consistency
of the scores of the Anxiety and Depression short forms for
the group of adolescents with chronic pain was good
(Cronbach’s alphas = .84 and .88, respectively).

Data Analysis

For descriptive purposes, categorical variables were described
using frequency statistics, while mean values and SDs were
calculated for continuous variables. Before conducting the
planned analyses, the normality of the distributions of the
study variables (i.e., skewness and kurtosis) was evaluated.
No violations of normality were identified. We then com-
puted and examined the associations between key variables to
justify their inclusion in mediation analyses. Specifically,
before testing the study hypothesis, independent samples -
tests were computed to evaluate differences in the number of
ACEs and sleep disturbance between adolescents with and
without chronic pain, and a bivariate Pearson correlation was
computed to evaluate the association between the number of
ACEs and sleep disturbance using the sample of adolescents
as a whole. In addition, before addressing the second study
aim, bivariate Pearson correlations were computed to evalu-
ate the associations between the number of ACEs, sleep dis-
turbance, anxiety, and depressive symptoms in the group of
adolescents with chronic pain. T-tests, chi-square tests, and
bivariate Pearson correlations were also used to assess differ-
ences in key outcome variables as a function of sociodemo-
graphic variables (i.e., sex and age) and pain intensity.

Although mediation models were tested, it is important to
keep in mind that the data used for these analyses are cross-
sectional. Thus, we were unable to test for true mediation
(i.e., that the impacts of a predictor variable on a criterion
variable are explained by the impacts of that variable on a
mediator). Instead, in this study, we used mediation analyses
to determine if the (concurrent) association between the num-
ber of ACEs and the three study criterion variables is
explained by the associations between the number of ACEs
and the severity of sleep disturbance. A positive finding would
support the possibility of true mediation, but not confirm it.

To test the first study hypothesis, one mediation analysis
was conducted using the whole sample of adolescents to esti-
mate the total, direct, and specific indirect associations
between the number of ACEs and the presence of chronic
pain explained by sleep disturbance. In this model, the num-
ber of ACEs was introduced as a continuous independent var-
iable, the presence of chronic pain was introduced as a
binary-coded dependent variable (i.e., yes/no), and sleep dis-
turbance as a continuous mediator variable.

To address the second study aim, for both key dependent
variables (i.e., anxiety and depressive symptoms), two media-
tion and two moderation analyses were conducted with the
group of adolescents with chronic pain. In all models, the
number of ACEs was introduced as an independent continu-
ous variable and anxiety and depressive symptoms as depend-
ent continuous variables. Sleep disturbance was introduced as
a continuous mediator variable in all mediation models and
as a continuous moderator variable in all moderation models.
Mediation analyses estimated the total, direct, and specific
indirect associations between the number of ACEs and anxi-
ety and depressive symptoms explained by sleep disturbance.
Moderation analyses examined whether the variable sleep dis-
turbance moderates the associations between ACEs and anxi-
ety and depressive symptoms. In order to interpret any
interaction effect emerging as significant, we planned to use
the simple slopes analysis technique recommended by Hayes
and Rockwood (2017). This approach involves computing
regression lines that depict the effect of the independent
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variable (i.e., ACEs) on the dependent variable (i.e., anxiety
and depressive symptoms) at different levels of the moderator
variable (i.e., sleep disturbance). In mediation analyses, boot-
strapping methods with #=10,000 resamples were used to
estimate the 95% confidence intervals of the indirect effects.
Indirect effects were considered significant if the 95% confi-
dence interval did not cross zero. In moderation analyses, a
two-tailed significance level of p < .05 was defined as statisti-
cally significant. Pair-wise deletion was used for all analyses.
Adequacy of the chronic pain sample size for the planned
analyses was examined using a post hoc power analysis in a
statistical power analysis program (G*power; Erdfelder et al.,
1996). This power analysis was based on the observed sample
size, observed effect size, and alpha level (i.e., 0.05) used in
the study.

All analyses were conducted using the Statistical Package
for the Social Sciences (SPSS), version 28. Mediation and
moderation models were tested using the PROCESS macro
v.4.2 for SPSS developed by Hayes (http://athayes.com/intro-
duction-to-mediation-moderation-and-conditional-process-
analysis.html).

Availability of the Data
Data available on request.

Results

Sample Characteristics

Characteristics of the study sample are presented in Table L.
As can be seen, the sample included a greater number of girls
than boys, and the mean age of participants was 14.28 years
(SD =1.74; age range = 13-18). Among all participants, 56%
(N=263) reported that they had experienced at least one
ACE and 19% (N = 88) reported having chronic pain. There
were no significant differences as a function of sex (y*(1) =

IMPACT, AND TRENDS IN CHILDREN
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2.72, p = .099) and age between participants with chronic
pain and participants without chronic pain (#467) = 0.88,
p = .380). Therefore, in the mediation model with chronic
pain as the dependent variable, we did not control for partici-
pants’ sex and age. Participants with chronic pain reported
statistically significantly higher levels of anxiety (¢463) =
3.94, p < .001) and depressive symptoms (#(464) = —4.29,
p < .001) compared to participants without chronic pain.

Participants in the chronic pain group reported an average
level of pain intensity over the past 7days of 5.82/10
(SD=1.97), and 73% (n=63) reported that they had experi-
enced at least one ACE (M =1.58; SD =1.52). Girls reported
more anxiety (M=50.77, SD=11.19 vs M=61.68,
SD=10.38, #(84) = —4.81, p = < .001) and depressive symp-
toms (M=51.55, SD=12.03 vs M=63.90, SD=10.18,
#(85) = —4.81, p = < .001) than boys. Participants’ age and
pain intensity were not significantly associated with anxiety
(age: 7(84) = .08, p = .450; pain intensity: #(84) = .15, p =
.163) or depressive symptoms (age: 7(85) = .16, p = .145;
pain intensity: #(85) = .09, p = .392). Therefore, the media-
tion and moderation models with anxiety and depressive
symptoms as dependent variables only controlled for the par-
ticipants’ sex.

The adequacy of the chronic pain sample size for the
planned analyses was confirmed. For both outcomes (i.e.,
anxiety and depressive symptoms), power analysis yielded a
very high level of power (.99), indicating that the sample size
of the chronic pain subsample was adequate to detect signifi-
cant effects with a high degree of confidence.

Bivariate Associations Between the Number of
ACEs, Sleep Disturbance, and Chronic Pain
Adolescents with chronic pain reported a greater number of
ACEs compared to those without chronic pain (¢467) =
—3.05, p = .002). Adolescents with chronic pain reported

Table I. Characteristics of the Entire Sample of Adolescents, the Subsample of Adolescents Without Chronic Pain, and the Subsample of Adolescents

With Chronic Pain

Adolescents Without Adolescents With Chronic

Study Sample (rn = 469) Chronic Pain (nz=381) Pain (7 = 88)
% within % within

Variable (Range) N % M SD N subsample M  SD N subsample M SD
Sex identified at birth

Male 202 43 171 45 31 35

Female 267 57 210 55 51 65
Age (range, 13-18) 469 1428 1.74 381 1432 1.76 88 14.14 1.69
Anxiety symptoms (PROMIS; range, 36-80) 465 53.47 1133 379° 52.50 11.00 86° 57.75 11.85
Depression symptoms (PROMIS; range, 38-79) 466¢ 54.71 11.74 379° 53.62 11.33 87°¢ 59.50 12.33
Sleep disturbance (PROMIS; range, 39-79) 464f 5712 11.97 3778 55.70 11.52 87¢ 63.24 11.99
History of ACEs

Yes 263 56 200 52 63 72

No 206 44 181 48 25 28
Number of ACEs (CYW-ACE-Q Teen SR; range, 0-7) 469 1.17 142 381 1.07 1.38 88 1.58 1.52
Pain intensity (range, 0-10) 466" 3.68 247 378" 327 227 88 582 1.97

Note. Sample size varies due to non-responses. PROMIS = Patient-Reported Outcomes Measurement Information System pediatric measure; CYW-ACE-Q
Teen SR = Center for Youth Wellness Adverse Childhood Experiences Questionnaire Teen Self-Report.

o

n=465 (missing =4).
n=2379 (missing =2).
n =86 (missing =2).

7n =466 (missing = 3).
n =87 (missing =1).

n =464 (missing = 5).
n=2377 (missing =4).
n =378 (missing = 3).

T® me o6 o
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greater sleep disturbance than those without chronic pain
(#(462) = 5.46, p < .001). The number of ACEs and sleep dis-
turbance were positively and significantly associated
(n=464,r = 318, p < .001).

Bivariate Correlations Between the Number of
ACEs, Sleep Disturbance, Anxiety, and Depressive
Symptoms in Adolescents With Chronic Pain

Table II presents the bivariate Pearson correlations between
key variables and dependent variables. As can be seen, among
participants with chronic pain, the number of ACEs and sleep
disturbance were positively and significantly associated with
anxiety and depressive symptoms. The number of ACEs was
also positively and significantly correlated with sleep
disturbance.

Association Between the Number of ACEs and
Chronic Pain Explained by Sleep Disturbance

Table III presents the results of the mediation analysis exam-
ining total, direct, and specific indirect associations between
the number of ACEs and chronic pain explained by sleep dis-
turbance. In this analysis, the a coefficient denotes the associa-
tion between the number of ACEs and sleep disturbance; the
b coefficient denotes the association between sleep disturb-
ance and having chronic pain; the ¢ coefficient denotes the

Table Il. Bivariate Correlations Between Key Variables in the Sample of
Adolescents With Chronic Pain (N =88)

1. 2. 3. 4.
1. Number of ACEs -
2. Sleep disturbance 25% -
n=2387
3. Anxiety symptoms .30%* 39%H* -
n=2386 n=28S
4. Depressive symptoms 34%* S5 62FE* -
n=2387 n=86 n=_86
* p<.05, ** p<.01, *** p<.001.

Table lll. Results of the Tested Association Between the Number of
ACEs and Chronic Pain Explained by Sleep Disturbance Using the Whole
Sample of Adolescents

Model B SE  t/z p  PCI(LL) PCI(UL)

Chronic pain

Number of ACEs —
sleep disturbance
(a)

Sleep disturbance —  0.06* 0.01 5.12 <.001  0.03 0.08
chronic pain (b)

Number of ACEs —  0.23* 0.08 2.97 .003 0.08 0.04
chronic pain (c)
Number of ACEs —
chronic pain (¢)
Number of ACEs —  0.14* 0.04 0.07 0.22
sleep disturbance

— chronic pain

(@*b)

266 0.37 721 <.001 1.96 3.39

0.11* 0.08 1.28 .20 —0.06 0.27

Note. N for analysis is 464 cases. Number of ACEs was the independent
variable. Chronic pain was the dependent variable. Sleep disturbance was
the mediator variable. PCI (LL) = lower limit of a 95% percentile
confidence interval; PCI (UL) = upper limit of a 95% percentile confidence
interval.

? Regression coefficients are on a log-odds metric.

association between the number of ACEs and having chronic
pain without the inclusion of the mediator variable (i.e., total
association); and the ¢’ coefficient denotes the association
between the number of ACEs and having chronic pain after
the mediator variable was included in the model (i.e., direct
effect). The product-of-coefficients (a*b) were calculated
using bootstrapping methods (7=10,000 bootstrap resam-
ples) in order to estimate the indirect association between the
number of ACEs and having chronic pain explained by sleep
disturbance.

As can be seen, the findings support a mediation model in
which sleep disturbance explained a significant amount of the
association between the number of ACEs and having chronic
pain (n=464, B=0.14, SE=0.01, 95% percentile confi-
dence interval [PCI| = 0.07-0.22). After including sleep dis-
turbance in the model, the association between the number of
ACEs and having chronic pain (i.e., direct effect) became non-
significant, hence consistent with the conclusion that the asso-
ciation between both variables is explained by sleep
disturbance.

Association Between the Number of ACEs and
Anxiety and Depressive Symptoms Explained by
Sleep Disturbance in Adolescents With Chronic Pain
Table IV shows two separate analyses examining total, direct,
and specific indirect associations between the number of
ACEs and anxiety and depressive symptoms, respectively,
explained by sleep disturbance while controlling for adoles-
cents’ sex. As can be seen, the results did not support the
mediation model in which sleep disturbance explained the
association between the number of ACEs and anxiety in ado-
lescents with chronic pain. However, support for a model in
which sleep disturbance explained the association between
the number of ACEs and depressive symptoms in adolescents
with chronic pain was found (n =84, B=0.845, SE=0.330,
95% PCI = 0.262-1.550). After including sleep disturbance
in the model, the association between the number of ACEs
and depressive symptoms (i.e., direct effect) became non-
significant, hence consistent with the conclusion that the asso-
ciation between both wvariables is explained by sleep
disturbance.

Sleep Disturbance as a Moderator of the
Association Between the Number of ACEs and
Anxiety and Depressive Symptoms in Adolescents
With Chronic Pain

Two separate models were conducted to test whether sleep
disturbance moderates the association between the number of
ACEs and anxiety and depressive symptoms while controlling
for adolescents’ sex. For anxiety symptoms, results indicated
that the interaction effect of the number of ACEs x sleep dis-
turbance was statistically significant (=83, #=2.29,
SE=0.06, p = .003). The simple slopes analysis was con-
ducted to better understand the significant interaction. This
analysis revealed that the positive association between the
number of ACEs and anxiety symptoms was statistically sig-
nificant specifically for those adolescents with levels of sleep
disturbance >18SD above the mean (§=0.63, t=3.13, p =
.008). However, for adolescents with sleep disturbance levels
<1S8D below the mean (f = —0.38, t=1.98, p = .065) and
those with a mean sleep disturbance (§=0.21, t=1.57 p =
.122), this association was not statistically significant (see
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Table IV. Results of the Tested Associations Between the Number of
ACEs and Anxiety and Depressive Symptoms Explained by Sleep
Disturbance in the Sample of Adolescents With Chronic Pain

Model B SE t p PCI(LL) PCI(UL)

Anxiety symptoms

Number of ACEs —  1.61 0.80 2.02 .045 0.02 3.19
sleep disturbance
(a)

Sleep disturbance —  0.22 0.10 2.17 .033 0.02 0.42
anxiety symptoms
()

Number of ACEs —  1.87 0.75 2.51 .014 0.39 3.36
anxiety symptoms
(o)

Number of ACEs —  1.52 0.75 2.03 .045 0.03 3.01

anxiety symptoms
(c)

Number of ACEs —  0.35 0.23
sleep disturbance
— anxiety symp-
toms (a*b)

Depressive symptoms

Number of ACEs — 198 0.81 2.44 .017 0.36 3.60
sleep disturbance
(@)

Sleep disturbance —  0.43 0.09 4.66 <.001  0.24 0.61
depressive symp-
toms (b)

Number of ACEs —  1.79 0.75 240 .019  0.031 3.28
depressive symp-
toms (c)

—0.02 0.87

Number of ACEs —  0.95 0.69 1.37 .173 —0.42 2.32
depressive symp-
toms (c’)

Number of ACEs —  0.84 0.33 0.26 1.55

sleep disturbance
— depressive
symptoms (a * b)

Note. N for analysis is 83 cases for models including anxiety symptoms and
84 for models including depressive symptoms. The number of ACEs was the
independent variable in all models. Anxiety and depressive symptoms were
the dependent variables. Sleep disturbance was the mediator variable in all
models. PCI (LL) = lower limit of a 95% percentile confidence interval; PCI
(UL) = upper limit of a 95% percentile confidence interval.

Figure 1). For depressive symptoms, the data indicated that
the number of ACEs x sleep disturbance interaction effect
was not statistically significant (n=84, t=0.02, SE=0.07, p
>.05).

Discussion

This study used a sample of adolescents recruited from the
community to examine the role of sleep disturbance—one of
the symptoms used to diagnose posttraumatic stress disorders
(American Psychiatric Association, 2013)—in the association
between exposure to ACEs and the presence of chronic pain,
as well as in the association between exposure to ACEs and
anxiety and depressive symptoms in adolescents with chronic
pain.

The results indicated that more than a half of the entire
sample reported having been exposed to ACEs, with more
than 70% of the subsample with chronic pain reporting at
least one ACE during their childhood. These findings are con-
sistent with previous research examining the prevalence of
ACEs and chronic pain in the general youth population

Roman-Juan et al.

(Groenewald et al., 2020; Mansuri et al., 2020). For example,
Groenewald et al. (2020), using data from the National
Survey of Children’s Health conducted in United States, found
parental reports of ACE exposure in 50% of children,
whereas in those with chronic pain, parents reports about
ACE exposure went to over 70% of cases. The high rates of
ACEs among adolescents with chronic pain found in this
study are also consistent with those reported in clinical sam-
ples of youth with chronic pain (Nelson et al., 2018; Nelson
& Logan, 2018).

Consistent with the study hypothesis, we also found that
sleep disturbance explained a significant amount of the var-
iance in the association between the number of ACEs and the
presence of chronic pain in adolescents. This is consistent
with prior studies showing a higher prevalence of sleep dis-
turbance in adolescents exposed to ACEs (Wang et al., 2016).
In addition, this finding provides empirical support to a con-
ceptual model highlighting the role of sleep disturbance has in
the context of posttraumatic stress symptoms and the devel-
opment of chronic pain in youth (Holley et al., 2016). If this
finding is replicated in longitudinal prospective studies, it
would raise the possibility that sleep disturbance could be
playing a significant role in the development of chronic pain
in adolescents who have been exposed to ACEs. Such a find-
ing would support the need for interventions targeting sleep
disturbance in adolescents who have experienced ACEs, as a
potential strategy to decrease the risk for developing chronic
pain in this population.

The study findings are also consistent with previous cross-
sectional and longitudinal studies that have reported a signifi-
cant positive association between the exposure to ACEs and
anxiety and depressive symptoms in clinical samples of youth
with chronic pain (Nelson et al., 2018, 2021) and extend
these findings to children with chronic pain living in the com-
munity. Furthermore, the results of this study build upon
those reported by Nelson et al. (2021) who found that post-
traumatic stress-related symptoms exacerbated the effects of
ACEs on anxiety and depressive symptoms and extend them
by highlighting the specific role of sleep disturbance in these
associations. Specifically, we found that sleep disturbance
moderated the association between the number of ACEs and
anxiety; that is, the association between the number of ACEs
and anxiety was stronger in adolescents with chronic pain
that presented higher levels of sleep disturbance compared to
those with low levels. Furthermore, we found that sleep dis-
turbance concurrently mediated the association between the
number of ACEs and depressive symptoms, hence suggesting
the possibility that that sleep disturbance could be playing a
significant role in the development of depressive symptoms in
adolescents with chronic pain who have been exposed to
ACEs. This is consistent with research showing that sleep dis-
turbance (e.g., insomnia) is a consistent predictor of the devel-
opment of depression (Baglioni et al., 2011) and that the
prevalence of sleep disturbance among adolescents exposed to
ACEs is higher than in those with no ACEs exposure (Wang
etal., 2016).

The study findings, when considered in light of those
reported by prior studies (Noel et al., 2018; Pavlova et al.,
2020), provide additional evidence of the need to address
sleep disturbance in youth with chronic pain who have been
exposed to ACEs and who may therefore experience posttrau-
matic stress symptoms. For example, Noel et al. (2018) and
Pavlova et al. (2020) found that sleep disturbance mediated
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Figure 1. Sleep disturbance as a significant moderator in the association between the number of ACEs and anxiety symptoms in the sample of

adolescents with chronic pain. ACE = adverse childhood event.

the association between posttraumatic stress symptoms and
pain intensity and pain interference in clinical samples of chil-
dren with chronic pain using cross-sectional and longitudinal
data, respectively. Although cross-sectional and longitudinal
studies have not found a significant association between the
exposure to ACEs and pain-related outcomes in youth with
chronic pain (e.g., pain intensity, pain interference; Nelson
et al., 2017, 2018, 2021), these studies have found a signifi-
cant association between exposure to ACEs and anxiety and
depressive symptoms in children with chronic pain. This
could explain, at least in part, the association between sleep
disturbance and chronic pain-related disability (Pavlova et al.,
2017). For example, an abundance of research has demon-
strated statistically significant associations between measures
of psychological dysfunction and pain presence, pain severity,
and pain-related disability in youth with chronic pain
(Gauntlett-Gilbert & Eccleston, 2007; Kashikar-Zuck et al.,
2008; Konning et al., 2021; Huguet & Mird, 2008; Wager
et al., 2020). Therefore, as speculated by Nelson et al. (2018),
exposure to ACEs could potentially indirectly contribute to
the maintenance of chronic pain and pain-related disability
through its effects on internalizing mental health problems,
which in turn could be influenced by posttraumatic stress
symptoms and, specifically, sleep disturbance. Again, longitu-
dinal research that evaluates these possibilities is warranted.
The study has a number of important limitations that
should be considered when interpreting the findings. First,
this study used cross-sectional data which precludes drawing
causal conclusions regarding the associations between the
study variables. For example, it is possible that sleep disturb-
ance is a component or manifestation of chronic pain and
other psychological symptoms (e.g., anxiety and depressive
symptoms) rather than a factor that contributes to the devel-
opment or maintenance of anxiety and depression. At the
same time, and given the cross-sectional nature of the study,
the possibility that exposure to ACEs could contribute to ele-
vated anxiety and depressive symptoms, which could in turn
impact sleep in adolescents with chronic pain, should be con-
sidered. In any case, because the results of the mediation anal-
yses using cross-sectional data cannot be used to test actual
(causal) mediation (Maxwell et al., 2011), the current findings
can help identify associations that warrant further

examination to determine causal relationships in future longi-
tudinal studies. Second, all of the study variables were
assessed with self-reported measures. This may have artifi-
cially increased the estimates of the associations among the
variables through shared method variance. Future research
should use additional strategies to assess study variables when
possible. For example, diagnostic clinical interviews could be
used to assess anxiety and depressive symptoms and objective
assessment approaches (e.g., actigraphy; Pavlova et al., 2020)
could be used to assess activity level. Additionally, although
self-report questionnaires are frequently used to evaluate
ACEs, they might not be the most effective method (Bethell
et al., 2017; Gerson & Rappaport, 2013; Jones et al., 2009).
Moreover, while our measure of ACEs aligns with the
approach used in similar population-based studies
(Groenewald et al., 2020), it did not include an assessment of
items related to physical or sexual abuse, which limits a com-
prehensive assessment of ACEs in this study. Third, this study
focused exclusively on sleep disturbance as one of the multiple
components of posttraumatic stress symptoms. It is important
for future research to consider other posttraumatic stress
symptoms (e.g., hypervigilance, behavioral avoidance), as this
will provide a more comprehensive understanding of the
impact of ACEs on chronic pain and on psychological symp-
toms in adolescents with chronic pain. Fourth, we did not
study pain-related variables other than pain intensity (e.g.,
pain location, pain etiology, health history). Therefore, we
were not able to determine if any of these influenced the asso-
ciations between the study variables. Future studies examin-
ing the relationships between chronic pain, sleep disturbance,
and psychological symptoms in adolescents with chronic pain
exposed to ACEs should consider the potential effects of these
other pain-related characteristics. Finally, the participants in
this study were a convenience sample of schoolchildren, and
data on self-identified race, self-identified ethnicity, gender
orientation, and socioeconomic status were not collected. As
a result, we cannot determine the extent to which the results
generalize to the population of children as a whole.
Therefore, additional research is needed to study whether any
of these, or other, sociodemographic variables play a signifi-
cant role in the associations found.
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Despite the study’s limitations, the results provide new and
important insights regarding the role of sleep disturbance in
the associations between ACE exposure, chronic pain, and
anxiety and depressive symptoms in adolescents from the
community. In particular, sleep disturbance was found to
explain a significant amount of the variance in the associa-
tions between the number of ACEs and chronic pain as well
as between the number of ACEs and depression symptoms in
adolescents with chronic pain. Additionally, the association
between the number of ACEs and anxiety was stronger in
adolescents with chronic pain that presented higher levels of
sleep disturbance compared to those with lower levels. These
findings suggest the possibility that addressing sleep disturb-
ance in adolescents exposed to ACEs may prevent chronic
pain and anxiety and depressive symptoms in adolescents
with chronic pain.
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5. Discussion

This doctoral dissertation encompasses nine articles with studies
dedicated to advancing our understanding of chronic pain among children
and adolescents. Studies I-Il aimed to describe the prevalence,
sociodemographic distribution, and impact of chronic pain. Studies IlI-V
explored the role of some biopsychosocial factors as potentially contributing
to the increase in the prevalence of chronic pain among European
adolescents (Roy et al., 2022) and discussed potential community-based
preventive measures to curb its rise. Study VI focused on the adaptation
and validation of the GCPS-R (Von Korff et al., 2020) for assessing chronic
pain severity in pediatric samples, thereby furnishing valuable metrics for
evaluating this condition in young populations. Finally, studies VII-IX were
aimed at providing useful information for the treatment of children and
adolescents with chronic pain by determining the influence of several
biopsychosocial factors on chronic pain, its daily impact, the use of
pharmacological treatment, emotional function, and sleep.

Study | (Mir6 et al., 2023) showed the concerning prevalence of
chronic pain among children and adolescents aged 8-18 living in Spain,
with rates reaching 46%. This prevalence aligns with findings from a recent
study by Gobina et al. (2019), which reported similar rates in a pooled
sample of adolescents from 42 mainly European countries, indicating a
pervasive issue. Notably, the prevalence rate observed in Study | exceeds

that reported almost two decades ago by Huguet and Miré (2008) in the

173



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS . .

Josep Roman Juan Discussion

same territory and with a similar sample, suggesting a potential increase in
chronic pain among youth which aligns with recent studies also reporting
significant increases in the prevalence of chronic pain in childhood (Roy et
al., 2022). Moreover, the prevalence of high-impact chronic pain, at 5%,
surpasses rates observed in the aforementioned study (Huguet & Miro,
2008), suggesting a worrisome trend of increasing severity. This is
important given that children and adolescents experiencing high-impact
chronic pain are the most likely to seek medical treatment (Kdnning,
Rosenthal, Brown, et al., 2021; Kdnning, Rosenthal, Friese, et al., 2021)
and, therefore, are those who account for the largest share of the economic
costs of chronic pain (Von Korff et al., 2016). Study | and Study I
underscore the heightened prevalence of chronic pain and high-impact
chronic pain among vulnerable groups such as girls, older adolescents, and
those with an immigration background, highlighting the urgent need for
targeted resource allocation to address their unique needs.

Studies lll to V (Roman-Juan et al., 2022; Roman-Juan, Sanchez-
Rodriguez, et al., 2023, Roman-Juan, Ceniza-Bordallo, et al., 2024)
examined the potential contribution of several biopsychosocial factors to
the observed increase in chronic pain prevalence among European
adolescents (Roy et al., 2022). Specifically, these studies showed that the
increase of early menarche (in female adolescents), sedentary screen-
based activities and obesity, and sleep difficulties and psychological
distress were associated with the increase in the prevalence of chronic pain
in this population. Addressing these factors through community

interventions could play a key role in preventing the rising trend in chronic

174



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS . .

Josep Roman Juan Discussion

pain prevalence. For example, community interventions aimed at promoting
healthy lifestyle behaviors, providing psychosocial support, and addressing
environmental stressors associated with early menarche (e.g., bullying; Su
et al., 2018) may offer avenues for preventing chronic pain in female
adolescents. Similarly, fostering a more active lifestyle, preventing obesity,
and encouraging a healthy sleep could significantly contribute to reducing
the prevalence and impact of chronic pain among adolescents.

Recognizing the critical need for a comprehensive assessment of
chronic pain severity, Study VI (Roman-Juan, et al., 2023c) adapted the
GCPS-R, which was originally developed for adults (Von Korff et al., 2020),
for its use with pediatric populations. Through this adaptation, the study
confirmed the validity of the pediatric version of the scale, thus providing a
potentially reliable and brief tool for evaluating pain severity in pediatric
samples with chronic pain. Moreover, if use in large-scale epidemiological
studies to identify children and adolescents with high-impact chronic pain
who are likely to seek medical care, this tool can provide useful information
for cost-planning purposes, drawing on previous studies of healthcare costs
related to pediatric chronic pain (Groenewald et al., 2014; Groenewald &
Palermo, 2015; Tumin et al., 2018).

Study VIII (Roman-Juan et al., 2024) showed that fatigue may
underlie the co-occurrence and maintenance of sleep disturbance and pain
interference over time in this population. These findings are consistent with
the ones found in previous cross-sectional studies (Sommer et al., 2023)
and emphasize the importance of addressing fatigue in the treatment of

chronic pain among young individuals. Interventions targeting fatigue
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management, such as lifestyle adjustments, cognitive-behavioral therapy,
and energy conservation techniques, could prove beneficial in enhancing
sleep quality, reducing daily pain impact, and promoting overall well-being
and functional outcomes.

Study VIII also showed that pain catastrophizing was associated
with the use of pain medication, particularly analgesics and non-steroidal
anti-inflammatory drugs, among adolescents with chronic pain, even after
accounting for pain intensity and interference. This finding extends prior
research examining psychological factors associated with pain medication
use in children and adolescents with chronic pain (Kénning, Rosenthal,
Friese, et al., 2021) and suggests a potential risk of medication misuse
among those with high levels of pain catastrophizing. Considering the side
effects associated with some of these medications (Fisher et al., 2022) and
their unclear long-term safety (Cooper et al., 2017; Eccleston et al., 2017),
addressing pain catastrophizing in children and adolescents with chronic
pain undergoing pharmacological treatment may be useful to prevent pain
medication misuse and associated adverse effects.

Finally, in Study IX (Roman-Juan et al., 2023a), adolescents
reporting a higher number of adverse childhood experiences (ACEs)
displayed elevated rates of chronic pain. Additionally, those with chronic
pain that had experienced a higher number of ACEs exhibited elevated
levels of sleep disturbance, anxiety, and depressive symptoms. These
findings are consistent with prior research in both the general population
(Groenewald, Murray, et al., 2020) and clinical samples (Nelson et al.,

2021), highlighting the significant impact of ACEs on emotional function and

176



UNIVERSITAT ROVIRA I VIRGILI

CHRONIC PAIN: AN EPIDEMIOLOGICAL ANALYSIS OF THE PREVALENCE, IMPACT, AND TRENDS IN CHILDREN
AND ADOLESCENTS . .

Josep Roman Juan Discussion

sleep in adolescents with chronic pain. Importantly, the study identified
sleep disturbance as a significant mediator in the relationship between
ACEs and both chronic pain and depressive symptoms in adolescents with
chronic pain. Additionally, the association between ACEs and anxiety was
particularly pronounced in adolescents with chronic pain experiencing
higher levels of sleep disturbance. These findings highlight the potential of
addressing sleep disturbances and mitigating the effects of ACEs as
preventive measures for chronic pain, anxiety, and depressive symptoms
in children and adolescents with chronic pain.

The studies included in this dissertation have several limitations,
which must be taken into consideration when interpreting the findings.
These limitations are discussed in detail in each study. Overall, it is
important to note that the studies that used data from the EPIDOL project
relied on a convenience sample of children and adolescents recruited from
the community. In addition, some of those initially approached refused to
participate. Therefore, it is unclear whether this introduced some bias in the
sample of participants.

Secondly, all studies, except for Study VIII, were cross-sectional in
nature. While cross-sectional studies are valuable for exploring
associations between variables at a single point in time, they inherently limit
our ability to establish causal relationships. As such, while these studies
provide valuable insights into the relationships between various factors and
chronic pain prevalence or severity, caution must be exercised when

inferring causality.
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Moreover, the studies examining factors contributing to the
increase in chronic pain prevalence among European adolescents utilized
data from the HBSC study. While these studies offer valuable insights into
potential biopsychosocial factors associated with chronic pain, it is essential
to acknowledge the inherent limitations of secondary data analysis. The
data set may lack certain variables or nuances that could provide a more
comprehensive understanding of the phenomenon under investigation.
Additionally, cross-sectional data from the HBSC study may limit the depth
of analysis and hinder the ability to draw robust conclusions regarding
causality.

Despite these limitations, the findings reported in the studies of this
doctoral dissertation help to significantly improve our understanding of
chronic pain among children and adolescents. They provide key information
as to its prevalence, sociodemographic distribution, impact, contributing
factors, and assessment. In addition, they also offer valuable information to

help improve current treatment practices.
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Conclusions

6. Conclusions

The main conclusions of this dissertations are the following:

The prevalence of chronic pain among children and adolescents is
high, indicating a pervasive issue that warrants close attention.
High-impact chronic pain is particularly concerning, with rates
surpassing those reported in previous studies, suggesting an
alarming trend of increasing severity.

Vulnerable groups, including girls, older adolescents, and
individuals with an immigration background, report the highest
burden of chronic pain and high-impact chronic pain, highlighting
the urgent need for allocating additional resources and
implementing targeted interventions to address the unique needs
of these populations.

Identified biopsychosocial factors, including early menarche,
sedentary behaviors, obesity, sleep disturbance, and psychological
distress, are significantly contributing to the increasing prevalence
of chronic pain among European adolescents, underscoring the
importance of addressing these factors through community-based
interventions.

The P-GCPS-R provides valid information about chronic pain
severity when used with children and adolescents. Therefore, it
seems to be a valuable tool to classify pediatric samples with

chronic pain and to leverage treatment.
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e Fatigue may have an important role in the co-occurrence and
maintenance of sleep disturbance and pain interference over time
in children and adolescents with chronic pain, suggesting that
fatigue management should be integrated into interventions for
chronic pain.

e Pain catastrophizing is a significant predictor of pain medication
use among adolescents with chronic pain, emphasizing the need
to address this factor in children and adolescents undergoing
pharmacological therapy to prevent pain medication misuse and
associated adverse effects.

o Adverse childhood events are associated with chronic pain, sleep
disturbances, anxiety, and depressive symptoms among
adolescents, highlighting the importance of addressing these

factors in preventive and therapeutic interventions.
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