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ABSTRACT
Background: Postural Orthostatic Tachycardia Syndrome (POTYS) is a disorder of the autonomic
nervous system that has high association with chronic pain syndromes such as fibromyalgia,
migraine disorders, and chronic abdominal pain in adolescents with the diagnosis. Many of these
disorders are characterized as central sensitization disorders, or pathological pain memory
mediated by neural plasticity. Ehlers Danlos Syndrome Type 3 (EDS-3), also called joint
hypermobility syndrome (JHS) is a genetic disorder of the connective tissue that causes joint laxity
and 1s also highly associated with chronic pain syndromes as well as POTS.
Methods: This study proposed to characterize POTS as a disorder of central sensitization. The
hypothesis, presented within the proposed theoretical model, demonstrates that JHS leads to
chronic pain that results in central sensitization and autonomic nervous system dysfunction
(POTS). Other factors that were evaluated were anxiety and function. A sample size of 40
adolescents between the ages of 12 and 19 years were recruited from the cardiology and pain
clinics at Children’s National Medical Center. Analysis of data utilizing Wilcoxon, Chi square,
Pearson correlation, and logistic regression tests were completed using SAS 9.3.
Results: In comparison to those without POTS, there were no significant associations found
between having the diagnosis of POTS and any other variable studied in the model. JHS had a
stronger correlation with anxiety, central sensitization, both subjectively, and objectively with
hyperalgesia on Ad sensory nerve fiber when compared to those without JHS. Subjective central
sensitization was highly correlated with anxiety, function, age, and female gender. Function and
central sensitization had a significant association even when removing anxiety as a covariate.
Conclusions:These findings suggest that joint hypermobility may be a factor that contributes to

the development of central sensitization in individuals with chronic pain. Dysautonomia is likely
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not a disorder of central sensitization, but rather a variable related to joint hypermobility and
chronic pain in ways yet to be discovered. As previously discussed in other literature, anxiety has
strong associations with central sensitization and functional disability in chronic pain syndromes,

and when treated effectively may increase function in those that suffer with these disorders.
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INTRODUCTION

Chronic pain disorders have become a significant health concern in pediatric populations.
These disorders have been linked to central sensitization (CS), which is a pathological pain state
that results from altered pain memory and synaptic plasticity (Ji et al, 2003). Synaptic neural
plasticity can result from peripheral sensitization as a result of noxious stimuli such as injury,
illness, and/or inflammation. Following tissue injury, inflammatory mediators including
prostaglandin, cytokines, leukotrienes, and bradykinin are released. Along with adrenaline and
serotonin these substances can cause increased neuro-exitability (Bridgestock & Rae, 2013).
Increased neuro-excitability in a localized area is known as peripheral sensitization, which is an
exaggerated pain response limited to the area of injury (Ji et al, 2003). Central sensitization (CS)
follows peripheral sensitization as a result of neural plasticity and what is now known as pain
memory (Ji et al, 2003). Pain memory as a result of neural plasticity has been implicated in
many chronic pain conditions in both pediatric and adult populations.

Neural plasticity in chronic pain syndromes has been a strong interest of pain clinicians
and for researchers in recent decades. It is now understood that there is a progression from early
phase central sensitization to late phase central sensitization, otherwise known as diffuse
hyperalgesia (Woolf, 2007). Although the original stimulus can occur in any area of the
periphery or viscera, neural plasticity leading to continued neural firing despite the absence of a
stimulus known as wind up is a common thread between functional chronic pain syndromes.
The process of CS has been objectively evaluated through brain imaging studies that show
central nervous system augmentation in these syndromes (Henry et al, 2011; Phillips & Clauw,
2011). Disorders of CS are known as central sensitivity syndromes (CSS). These include

fibromyalgia, chronic fatigue syndrome, and irritable bowel syndrome (Mayer et al, 2012).
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Many pain clinicians will use CS or CSS to describe the mechanism of chronic pain when it
occurs outside of an acute pathological process. It is for this reason that the term central
sensitization syndrome is often synonymous with chronic pain syndrome (CPS) in research and
practice.

Epidemiological studies have reported the prevalence of chronic pain in children and
adolescents to range from 15 to 38%, with 5% of those having moderate to severe pain and
related functional disability (Huguet et al, 2011). Children with chronic pain conditions
experience a decreased quality of life as evidenced by frequent school absences, withdrawal from
peers and previously enjoyed activities, and high rates of comorbid depression and anxiety
(Palermo et al, 2010).

Chronic pain is defined by the International Association for the Study of Pain (IASP) as
pain that last longer than 3 months (King et al, 2011). Although there have not been any studies
specifically on youth productivity in relation to chronic pain, the adult statistics speak to the need
for better understanding of chronic pain in children as these disorders frequently extend into
adulthood. In adults, global prevalence of chronic pain is estimated at 20%. The highest
incidence of long standing pain in adults is chronic lower back pain, which has been consistently
reported at escalating rates (Kerns et al, 2011). Pain from conditions such as headache, back
pain, abdominal pain, and chronic myofascial pain cause significant functional disability among
adult workers. An audit of American productivity performed in 2003 found that lost productivity
from chronic pain conditions cost approximately $61.2 billion per year (Stewart et al, 2003).

Epidemiological data indicates that chronic pain in children manifests primarily as
headache, abdominal, and musculoskeletal pain, with female patients reporting higher rates of

pain (Zernikow et al, 2012). The incidence of chronic pain increases with age (Eccleston et al,
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2002), with age 13 being the average among samples (Zernikow et al, 2012). Other variables
found to impact chronic pain in children and adolescents are anxiety and depression, other health
problems such as asthma or diabetes, low self-esteem, and low socioeconomic status (King et al,
2011).

Chronic pain in adolescents is associated with high rates of functional disability (FD) that
is displayed by decreased performance in the domains of physical, social, and academic function.
Unresolved chronic pain in children and adolescents can lead to even further disability into
adulthood. Specifically, children with chronic pain are at risk for developmental or cognitive
delays due to lower school attendance rates and decreased opportunities for learning, both in the
classroom and from peers (Zernikow et al, 2012). This attribute of the population lends to
greater vulnerability as these children can be expected to have learning delays related to these
factors that may lead to cognitive stagnation that places them further in jeopardy for developing
long-term disability extending into adulthood.

Chronic pain syndromes have been linked to Joint Hypermobility Syndrome (JHS) or
Ehlers Danlos Syndrome (EDS), and may be found in 30 to 60% of those seeking services for
musculoskeletal pain in pain medicine or rheumatology clinics (Clark et al, 2014). Other chronic
pain often described in JHS/EDS is headache, peripheral neuropathy, pelvic, and abdominal pain
(Tinkle et al, 2009; Tobias et al, 2013; Tinkle, 2014). In a study by Tobias and colleagues
(2013), adolescents with JHS were found to have higher incidence of chronic musculoskeletal
pain. These investigators also found that greater joint hypermobility based on Beighton scoring
was positively correlated with increased number of pain sites and increased overall pain scores.
This is important because children that have musculoskeletal pain have been shown to exhibit

higher rates of dysfunction leading to long-term disability than do those with pain in other areas
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(Kashikar-Zuck et al, 2001). The ongoing musculoskeletal pain in patients with JHS may be
related to CS, and have led many patients with JHS/EDS to receive a diagnosis of fibromyalgia,
the most commonly diagnosed CSS (Clark et al, 2014; Ting et al, 2012).

JHS/EDS have been linked to postural orthostatic tachycardia syndrome (POTS) in
children and adults. POTS is a disorder of the autonomic nervous system (ANS) that often
occurs following an illness or injury. The syndrome is associated with orthostatic intolerance,
headache, fatigue, abdominal pain, and nausea (Johnson et al, 2010). Testing for this disorder
includes an orthostatic tolerance evaluation called a tilt table test, which is frequently conducted
in a cardiology or neurology office. POTS is diagnosed by a change in heart rate of a least 30
beats per minute when the patient is placed upright on the tilt-table for 10 minutes, or a rate
greater than 120 beats per minute following this interval. In children and adolescents, a
diagnosis of POTS is made with a heart rate change of greater than 35 to 40 bpm upon standing
due to children’s heightened compensatory response to orthostatic stress (Jarjour, 2013).
Subjective reports of dizziness, nausea, and increased pain (headache, abdominal, and body)
often correlate with orthostatic stress and objective findings such as tachycardia, and peripheral
blood pooling/acrocyanosis (Grubb, 2008; Johnson et al, 2010). Aside from the orthostatic
tachycardia that is the hallmark (and namesake) of the disease, some patients with POTS also
exhibit increased serum catecholamines (epi/NE) upon orthostatic stress. This finding suggests
an increase in sympathetic tone, which may be partially responsible for the prevalent tachycardia
(Grubb, 2008).

The pathophysiology of POTS in JHS/EDS is thought to be heterogeneous and
complicated, with speculation that it is most often related to impaired vasoconstriction leading to

venous pooling (Grigoriou et al, 2015). Dysautonomia is thought to be the underlying cause of
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the non-musculoskeletal symptoms typical of JHS/EDS such as gastrointestinal complaints,
chronic fatigue, dizziness, and headache (De Wandele, 2014). De Wandele and colleagues
(2014) discovered that POTS is more prevalent in subjects with JHS/EDS than in healthy
controls (74% vs. 34%). Although not specifically linked to all pain found in JHS/EDS,
dysautonomia is likely related to many of the symptoms found in these syndromes, and should be
considered when evaluating those with the disorder (Grigoriou et al, 2015).

Chronic pain co-morbidities in patients with POTS have been documented in the
literature. These include functional gastrointestinal symptoms that involve abdominal pain
without known anatomical cause (Chelimsky et al, 2012). The compilation of symptoms in
POTS often results in significant functional disability and decreased quality of life similar to
other chronic pain syndromes (Anderson et al, 2014; Benrud-Larson et al, 2003).

Anxiety has been found to be elevated in adult patients with POTS (Anderson et al,
2014). However, there has been little research specific to mood disturbances in children or
adolescents with the disorder. Although POTS is often misdiagnosed in children and adolescents
as panic disorder (Raj, 2013), there has not been a study published to date on the prevalence of
anxiety disorders in children with autonomic dysfunction. However, a recent study by Tarbell et
al (2014) did find that heightened anxiety sensitivity did positively correlate to gastrointestinal
symptoms such as nausea in a pediatric POTS sample. Although anxiety is thought to play a role
in the development of disability in patients with POTS, it is unclear if this comorbidity has a
significant role in the functional presentation of those with the disorder.

CPS, CS, and POTS have strong associations with mood disorders. Most of the studies
conducted in recent years point to mental health co-morbidities CPS, as well as the functional

and psychosocial disabilities that are related (Eccleston et al, 2002; Kashikar-Zuck et al, 2001).
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The distress that unrelenting pain often cause lead to co-morbidity of depression and anxiety that
contribute to the chronicity of symptoms and related functional disability (Wicksell et al, 2008).
These mood alterations, along with pain intensity, often lead to functional disability for this
population (Palermo et al, 2010).

Along with depression, the comorbidity of anxiety has been the focus of research in
pediatric chronic pain. Studies in adults have shown that level of anxiety predicts how well an
individual adapts to persistent pain, and persons with high rates of anxiety report greater pain
sensitivity (Keefe et al, 2004). The impact of anxiety on functional disability in adolescents may
be even more profound. A study performed by Cohen et al (2010) found that high anxiety alone
was predictive of lower function in adolescents with chronic pain, even when pain scores were
reduced. Another similar study by Kaczynski et al (2011) found that children with greater
anxiety utilized more passive coping strategies in dealing with chronic pain leading to greater
functional disability manifested by social withdrawal, isolation, and school absences.

Anxiety sensitivity has been specifically implicated in maladaptive coping of children
with chronic pain. Children with higher levels of anxiety sensitivity were found to have
increased fear of pain and greater functional disability (Martin et al, 2007). However, in a study
by Gilbert and Eccleston (2007) anxiety alone did not predict functioning when examined with
other factors such as pain intensity and depression, each of which had significant impact on
function in that sample of children with chronic pain. The growing incidence of CPS, CS, and
POTS in youth can put a strain on our healthcare system both from an infrastructure and
financial perspective (Cohen et al, 2008). Children with these disorders have an added layer of
vulnerability in our society because of their predisposition to depression and anxiety, as well as

disability affecting physical, psychological and social functioning (Huget et al, 2011). It is for
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these reasons that more research that focuses on the development of CS, CPS, and POTS in
children is necessary in order to find better prevention and treatment approaches for the factors
leading to functional disability in this group.
Significanceand Purpose

Despite the link between chronic pain, joint hypermobility, anxiety, and POTS with
disorders of CS, understanding how these factors relate to POTS severity and function is lacking.
The purpose of this study was to determine associations between joint hypermobility, chronic
pain, central sensitization, POTS, anxiety, and functional disability in children being tested for
autonomic dysfunction in a pediatric cardiology clinic. This study is significant because it may
lead to further understanding of the process leading to CS and POTS in children with JHS/EDS,
as well as factors associated with functional disability in this group. A better understanding of
this mechanism may lead to the development of programs that can prevent long term disability
resulting from CSS and POTS.

Study Aims and Hypothesis

In a sample of adolescents that has been evaluated for POTS the specific aims were to:

1. To characterize CS in adolescents with ANS dysfunction. CS was measured
objectively by quantitative sensory testing (QST), and subjectively by the Central
Sensitization Inventory (CSI).

2. To determine the relationship between the objective measure of CS (QST) and the
subjective measure of CS (CSI).

3. To describe age, gender, and race/ethnicity in the sample as well as the prevalence of
chronic pain, joint hypermobility, and anxiety. Pain was measured by the Brief Pain

Index questions 3-6 (BPI). Joint hypermobility was measured by Beighton Scoring.
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Anxiety was measured by the Patient Reported Outcomes Measurement Information
System (PROMIS) anxiety measure.
. To determine the prevalence of functional disability, and the relationship between
degree of CS and FD when controlling for anxiety as a covariate. Functional disability
was measured by the Functional Disability Inventory (FDI), and question 9 (itemsA-QG)
of the Brief Pain Inventory.
. To investigate associations among age, gender, race/ethnicity, degree of CS, chronic
pain, joint hypermobility, anxiety, and POTS severity.

Hypothesis
Subjects with POTS will have high levels of CS, and degree of CS will be positively
associated with POTS severity.
. The objective (QST) and subjective (CSI) assessments of CS will positively correlate.
Subjects with POTS will have high prevalence of chronic pain, joint hypermobility,
and anxiety.
Subjects with POTS will have high levels of FD, and degree of FD will positively
correlate with degree of CS. Level of anxiety will be associated with both CS and FD,
however; CS and FD will continue to have a high association when anxiety is removed
as a covariate.
. POTS severity will be positively associated with degree of chronic pain, joint
hypermobility, anxiety, and level of CS. Girls will have higher levels of all factors,
which will increase with age in both genders. There will be little variation in

race/ethnicity among the subjects, with Caucasian being the most prevalent within the

group.
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Theoretical Model
The theoretical model for this study was based on the investigators clinical experience
working with children and adolescents with diagnosis of chronic pain, POTS, and JHS/EDS. At
this time, disorders of CS have been linked to the co-morbidities of POTS and JHS/EDS in the
literature. Although the associations between joint hypermobility, chronic pain, CS, and POTS
have not been established within one framework, separate correlations have empirically
confirmed (Hoad et al, 2008; Staud, 2008; Castori et al, 2012; Ting et al, 2012). The
hypothesized theoretical model of chronic pain, ANS dysfunction, and CS illustrates the
proposed associations among CS, POTS, and functional disability. In this model, chronic pain
results from joint hypermobility that triggers multiple traumatic and painful events over time.
Chronic pain leads to peripheral and then central sensitization (pain memory) resulting in a
chronic pain syndrome. CS is associated with ANS dysfunction giving rise to signs and
symptoms of POTS. Greater degrees of CS and POTS are associated with greater FD. Anxiety
1s a variable that is positively associated with chronic pain, CS, and POTS severity; but alone
cannot predict the degree of FD in adolescents with POTS. This is an important aspect of both
the model and the current study because it is often assumed by practicing clinicians that
disability in patients with POTS is mediated by anxiety alone. A summary of study variables in
the theoretical model, their definition, and measurement is presented in Table 1.
Conclusion
In summary, the significance of the present study, the gap in the literature in regards to
JHS/EDS, chronic pain, CS, POTS, anxiety, and FD in adolescents presenting with signs and
symptoms of autonomic dysfunction, and the need for further research with this population were

discussed. The specific aims and hypotheses that were informed by the current literature,



personal experience as a clinician working with the population, and the proposed theoretical
model were also presented. The hypothesized theoretical model displays the relationship

between the variables and is the framework for the present study.

S

Figure 1. Theoretical Model of Chronic Pain, ANS Dysfunction, and Central Sensitization

20



Table 1. Variables, Definitions, and Measures

Variable

Definition

Measure

Joint Hypermobility
Syndrome/Ehlers Danlos
Syndrome

A genetic connective tissue
disorder of collagen
synthesis that results in
generalized joint and tissue
laxity (Tinkle et al, 2009;
Tobias et al, 2013; Tinkle,
2014)

Beighton Score
(Beighton et al, 1983)

Chronic Pain

Pain for greater than 3
months in duration (King et
al, 2011)

Brief Pain Inventory (BPI)
(Cleeland, 1989)

Central Sensitization

Neural process of plasticity
that originally results from
tissue damage and ensues in
pathological pain memory
and hyperalgesia (Wolf,
2007)

Quantitative Sensory
Testing (QST)

Central Sensitization
Inventory (CSI)
(Neblett et al, 2013)

Postural Orthostatic
Tachycardia Syndrome

A disorder of ANS function
leading to various signs and
symptoms including
orthostatic tachycardia
(Grubb, 2008; Jarjour,
2013)

Tilt-Test

Functional Disability

Decreased performance in
the domains of physical,
social, and work/academic
function (Zerkinow et al,
2012)

Functional Disability
Inventory (FDI)
(Walker & Greene, 1991)

Anxiety

Fear, worry, or nervousness
(Irwin et al, 2010)

PROMIS-Anxiety (Irwin et
al, 2010)

21
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Review of he Literature

This section consists of a synthesis of the literature on: central sensitization, joint
hypermobility, chronic pain, postural orthostatic tachycardia syndrome, anxiety, and functional
disability in children and adolescents. The literature review was conducted based on the
concepts within the proposed conceptual framework. Table 2 at the end of this section illustrates
the literature review for each concept.

Central Sensitization

CS occurs when spinal neuron excitability, particularly in the dorsal horn, leads to
synaptic structural changes mediated by N-methyl-D-aspartate (NMDA) receptors signaling the
release of glutamate. The ensuing process results in death of inhibitory neurons and replacement
by afferent excitatory neural cells with aberrant networks (Henry et al, 2011). These accessory
connections cause the signals to be trapped within the dorsal horn (rather than the original area of
injury) in a process known as wind up. During this time an NMDA mediated increase of
synaptic calcium leads to further neural firing. After wind up is established, the pain signals can
occur for hours to days despite not having a current peripheral stimulus. (vanGriensven, 2014;
Bridgestock & Rae, 2013).

Adapted changes to neural networks, also known as synaptic plasticity ensues following
tissue damage related to injury or illness. Synaptic plasticity is the factor that leads to continued
nerve firing and the development of axillary pain pathways. This process is also known as
pathological pain or pain memory. It is recognized as pain memory due to the lack of continued
peripheral impulse. The altered signals within the spinal cord become stronger as the individual
encounters further injury, so that the even light stimulus (such as touch) will induce extreme pain

(Jietal, 2003). Pain perception after a gentle stimulus is known as allodynia (Woolf, 2007).
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Research on CS in children and adolescents has been sparse to date. Although disorders
such as fibromyalgia, irritable bowel syndrome, and chronic regional pain syndrome have been
recognized in pediatric populations, studies on the impact of comorbid conditions and treatment
efficacy have not been established at this point in time. However, it has been recognized that
prolonged pain experiences will lead to CS in children that have had multiple injuries or illnesses
that result in pain memory (Noel et al, 2015). This process is evident in children that have had
early life experiences in the neonatal intensive care unit (NICU). In a longitudinal study with
infants that spent time in the NICU, it was found that these young patients had a decreased pain
threshold later in childhood in comparison with a control group that did not have this early life
encounter (Hermann et al, 2006).

Fibromyalgia is considered the most prevalent of the central sensitization syndromes
(CSS). This disorder is diagnosed based on clinical findings of chronic widespread body pain
and allodynia. Other symptoms have also been described in this disorder such as fatigue,
gastrointestinal symptom, anxiety, depression, and insomnia (Buskila & Ablin, 2012). Although
it is termed fibromyalgia, this is a misnomer because there has not been any evidence of muscle
inflammation in patients with the syndrome (Phillips & Clauw, 2011). In disorders with chronic
widespread body pain, researchers now believe that the causative mechanism is in pain memory
that elicits CS following repeated injury. This is especially true in childhood and adolescence
when a great amount of social and cognitive development takes place (Noel et al, 2015).

CS has been implicated in the development of multiple symptoms of joint hypermobility
syndrome (JHS) and Ehlers Danlos Syndrome (EDS). These symptoms are thought to be related
to both pain memory and central nervous system fatigue (Castori et al, 2012). It has long been

recognized that individuals with EDS and JHS have high rates of fibromyalgia (Rombaut et al,
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2013; Buskila & Ablin, 2012). Rombaut and Colleagues (2013) found that subjects with joint
hypermobility had lower pain pressure thresholds in comparison to the non-hypermobile control
group. The investigators also found that subjects with EDS/JHS scored higher on pain
catastrophizing, which likely plays a role in the development of long-term disability and
perpetuation of chronic pain (Rombout et al, 2014). Ting and Colleagues (2012) found that
nearly 50% of patients presenting with a diagnosis of juvenile fibromyalgia had signs of JHS.
However, in separate study, chronic widespread pain suggestive of fibromyalgia was found in
86% of adult patients with JHS (Clark et al, 2014). Although the exact nature of this association
1s not clear, it has been suggested that multiple injuries related to joint micro trauma in
hypermobile individuals may play a role in the development of CS presenting as fibromyalgia
(Buskila & Ablin, 2012).

Fibromyalgia has also been recognized as a comorbid condition in POTS. Staud (2008)
stated that there is likely common pathophysiology between the disorders related to ANS
dysfunction. A study by Ohja and Colleagues (2011) found that greater than 80% of children
and adolescents with POTS had comorbid chronic pain. Although the association between ANS
dysfunction and disorders of CS are clear in the literature, knowledge concerning the

development of CSS and POTS in individuals with EDS/JHS has not been clearly established.
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Central Sensitization Inventory

The central sensitization inventory (CSI) is a measure that is used to identify symptoms
related to CS and ascertain the degree of symptoms represented in a 100- point scale. The CSI is
the first instrument developed to identify key symptom manifestations of CS, rather than focus
on those found in each separate disorder (Mayer et al, 2011). A study with the purpose of
developing and validating the CSI in subjects with chronic pain syndromes identified four factors
meaningful to identifying CS. These variables are in the categories of physical symptoms,
emotional distress, headache/jaw symptoms, and urologic manifestations. Strong psychometric
properties of the CSI were established within the study by Mayer and colleagues (2011) (test-
retest =.82, Cronbach’s alpha =.88). A score equal to or greater than 40/100 is consistent with a
larger degree of CSS symptomatology. Subjects with a diagnosis of fibromyalgia had higher
CSI scores in comparison to other chronic pain syndromes (Mayer et al, 2011; Neblett et al,
2013).

The CSI was recently studied in an adult population recruited from multi-disciplinary
chronic pain clinic in Texas. The study found that the greater number of CS diagnosis
(fibromyalgia, chronic fatigue syndrome, ect.) positively correlated with CSI score (r=.51,
p<.001). The subjects recruited from the pain clinic with diagnosis of CSS had a high prevalence
of CSS manifestations with a mean CSI score of 52.4 (14.3) in comparison with the control
group consisting of healthy college age students 30.9 (12.3) (p=0.05) (Neblett et al, 2013).
Quantitative Sensory Testing

Quantitative sensory testing (QST) using a current perception threshold (CPT)
neurometer device is an established tool to evaluate pain threshold, and can be utilized in

diagnosing neuropathic and pathological pain syndromes (Geber et al, 2013). CPT assesses



26

nerve function at A Delta, A Beta, and C nerve fibers. Different frequencies are used to elicit
stimulation on each nerve fiber type. Large myelinated A Beta fibers, and small myelinated A
Delta and un-myelinated C fibers are stimulated using 2000, 250, and 5 Hz, respectively. A CPT
for perception below or above the threshold deemed by previous studies in healthy volunteers is
considered either hypo or hyperesthesia, and a CPT for tolerance that differs from established
normal values are deemed hypo or hyperalgesia (Geber et al, 2013; Koo et al, 2014). CPT is
performed by placing an electrode to a distal area of the body such as a finger or toe. The test is
executed by eliciting a stimulus at 2000, 250, and 5 Hz. The individual being tested has control
over the impulse. The subject is asked to press a button to stop the next impulse when they first
perceive the sensation (perception) and when they no longer can tolerate a stronger stimulus
(threshold) (Geber et al, 2013; Koo et al, 2014).

Current pain threshold was utilized in a study determining diabetic autonomic neuropathy
in subjects with type 1 diabetes mellitus. This study found that quantitative sensory testing with
current pain threshold was able to determine diabetic peripheral neuropathy based on decreased
pain threshold on C fibers. This instrument may be utilized in the future to predict the
development of diabetic autonomic neuropathy, a condition associated with more severe disease
and disability (Koo et al, 2014). In a study by Uceyler and Colleagues (2013), subjects with
fibromyalgia demonstrated low pain threshold and increased perception of stimulus at A Delta
and C fibers. This finding is suggestive of CS and was corroborated by subjective data from pain

and depression questionnaires.
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Chronic Pain

Chronic pain affects approximately 5% of children and adolescents (Huguet & Miro,
2008). This health issue is associated with increased healthcare utilization, school absences, and
functional disability in children and adolescents that are affected (King et al, 2011; Zerkinow et
al, 2012). Although chronic pain is a serious health care concern with vast consequences on
function and quality of life in children, research on chronic pain in children and adolescents is
limited to date. More studies are necessary in pediatric chronic pain in order to find better
treatments that may improve the lives of those affected, and to decrease unnecessary healthcare
utilization due to untreated symptoms (King et al, 2011).

The majority of chronic pain is idiopathic or functional without any specific known
pathological etiology. In children, chronic pain typical manifests as abdominal pain, headache,
and musculoskeletal pain (Fisher et al, 2014). Huguet and Miro (2008) found that children that
have persistent headache had greater disability in comparison with those that had other pain
disorders. However, it is not uncommon for children with chronic pain to experience pain in
more than one location (Zernikow et al, 2012).

Chronic pain in children and adolescents is often associated with psychological
disturbances such as anxiety and depression. In a large retrospective study on children with
chronic pain, Zernikow and Colleagues (2012) found that of the 2249 cases reviewed, 24%
exhibited comorbid anxiety and 19% demonstrated clinical depression. Due to the association of
chronic pain and these psychological comorbidities, chronic pain in children and adults requires
a multidisciplinary approach consisting of physical and psychological therapies (Hirschfeld et al,

2012).
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The assessment of chronic pain is difficult since it is heterogeneous in etiology,
presentation, and effect on function (Zerkinow et al, 2012). Given its varied appearances,
chronic pain assessment needs to go beyond the typical visual analog scale used to assess acute
pain. Function should be utilized as a marker for evaluating illness and treatment efficacy
(Kashikar-Zuck et al, 2011). However, pain intensity is still an important factor in understanding
the impact that chronic pain has on function in children and adolescents, and should be utilized
in conjunction with functional evaluations (Gilbert & Eccleston, 2007).

Brief Pain Inventory

The Brief Pain Inventory (BPI) is a written subjective assessment that allows the
individual to rate various aspects of pain and function. The respondent rates their worst, least,
average, and current pain level, along with 7 domains of functioning on a scale from 0-10. These
areas include walking, mood, work, sleep, quality of life, peer relations, and general activity
level (Cleeland, 1989). Although the BPI was created for use with patients with cancer related
pain, a study by Tan and colleagues (2004) found the measure to be useful in the assessment
non-malignant pain syndromes. The BPI has been utilized globally for individuals greater than
10 years of age (Cleeland & Ryan, 1994). Lynch-Gordon and colleagues (2014) employed the
BPI in a sample of adolescents with chronic pain (mean age 14.1 years) and found that pain
intensity was independent of functional status in this group.

Joint Hypermobility

Joint hypermobility syndrome (JHS) is a term used to describe individuals with
hypermobile joints leading to poly-arthralgia, myalgia, and neuropathies (Tobias et al, 2013;
Tinkle, 2014; Armon, 2015). JHS is diagnosed using the Beighton scale, a measure of various

joints including fingers, wrists, knees, elbows, and spine, with JMS diagnosed with a score of
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>5/9 points. (Beighton et al, 1998; Tinkle et al, 2009; Tobias et al, 2013; Armon, 2015). This
syndrome is thought to be caused by a genetic connective tissue disorder related to collagen
production, and has been deemed non-distinct from Ehlers-Danlos Syndrome hypermobile type
(Tinkle et al, 2009).

Joint hypermobility by itself with a Beighton score of >5/9 can be found in up to 40% of
healthy children and adolescents and decreases with age (Tinkle et al, 2009). Due to this, the
diagnosis of JHS or HEDS should also rely on symptoms presented such as arthralgia, myalgia,
or neuropathy (Tobias et al, 2013; Armon, 2015). These symptoms lead to decreased function
related to pain, decreased mobility, and poor strength (Tinkle et al, 2009; Armon; 2015).

Chronic pain is a major issue for individuals with JHS/EDS. In a study on juvenile
fibromyalgia by Ving and Colleagues (2013), subjects with JHS were found to have higher pain
scores and lower pain thresholds in comparison with participants without joint hypermobility.
Clark and colleagues (2014) found that subjects with JHS reported 86% prevalence of chronic
wide spread pain, 71% had gastrointestinal pain, and 31% demonstrated chronic fatigue.

JHS/EDS may be a factor in other chronic pain disorders such as functional abdominal
pain and persistent headache or migraine. Zarate and colleagues (2010) found that of 129
patients (aged 16-76) seeking care at a gastroenterology clinic for functional abdominal pain, 63
(49%) showed evidence of JHS based on a Beighton score >4. The study also found that
symptom severity and frequency were greater in patients with JHS in comparison with those that
did not have this finding. Chronic headache or migraine is common in individuals with
JHS/EDS. This symptom is often associated with decreased quality of life and function (Tinkle,
2014). In a study with patients presenting to a headache clinic for treatment, those with evidence

of JHS were more likely to have higher severity of symptoms and greater impact on function and
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quality of life (Puledda et al, 2015). Although the sample in these studies included some
adolescents, there has not been a published study to date on the impact of symptoms on quality
of life and function specifically in children and adolescents with JHS/EDS.

Autonomic nervous system dysfunction and POTS diagnoses are recognized as being
associated with EDS/JHS (Mathias et al, 2012; Benarroch et al, 2012, Wallman et al, 2014).
Wallman and Colleagues (2014) retrospectively reviewed 109 charts of patients with a diagnosis
of POTS and found that 39 of those patients also had a diagnosis of EDS. This finding
represented 18% of the sample, which is much larger than the expected 0.02% prevalence of
EDS in the general population (Wallman et al, 2014). Although there has been much speculation
about what causes ANS disorders to occur in individuals with JHS/EDS, there have not been any
clear explanations on the pathophysiological associations to date.

Beighton Scale

The Beighton scale is utilized to assess joint hypermobility in an individual. The scale
was developed by Beighton and colleagues (1973) for the purpose of having a standard
diagnostic test for JHS and HEDS (Beighton et al, 1998). The scale evaluates several joints and
rates them on a scale of 1 or 0, for a total score of 9 if all areas are positive for hypermobility.
The areas assessed are: passive dorsiflexion of the pinky of each hand beyond 90 degrees,
passive flexion of the thumb flush with the wrist on each hand, flexion of the elbows and knees
beyond 10 degrees bilaterally, and ability to lay palms flat to the floor when standing without
knees flexed (Beighton et al, 1973; Beighton et al, 1998).

Postural Orthostatic Tachycardia Syndrome
Patients with a diagnosis of POTS are 80% female, with usual age of diagnosis between

15-50 years (Ojha et al, 2011). The syndrome was first recognized in adolescents in 1999, and is
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frequently diagnosed in children within 1-3 years of a growth spurt and immediately following
an injury, surgery, or illness (Johnson et al, 2010). Children and adolescents are particularly
vulnerable to changes in the autonomic nervous system resulting from injury or illness,
especially at a time of rapid development due to neural plasticity and inappropriate
reprogramming following these events (Rees, 2014).

Less is known about the exact cause of POTS, although there has been insinuation of an
immune or autoimmune etiology. The clinical associates with chronic fatigue syndrome and
fibromyalgia are suggestive of a singular disorder. Both chronic fatigue syndrome and
fibromyalgia have similar symptomatology as POTS with chronic fatigue, widespread body pain,
dizziness and nausea. Many patients with chronic fatigue syndrome or fibromyalgia also test
positive for POTS on tilt table testing (Hoad, 2008; Staud, 2008).

Infection has been implicated in the etiology of CFS, particularly enterovirus. Given the
high association with CFS and POTS it is possible that infection plays a role in the development
of the syndrome. Autoimmune etiology has also been linked to POTS. Researchers at Mayo
Clinic concluded that 15% of POTS patients have an autoantibody to ganglionic acetylcholine
receptors. The presence of this antibody is concern for autoimmune autonomic ganglionopathy
with an indication for treatment by immune modulating medications (Johnson et al, 2010).

Li et al (2014) evaluated the prevalence of acetylcholine receptor antibodies (AChR-ab)
in a sample of 82 children with a mean age of 11.09 years with a diagnosis of POTS. The
investigators found that 20 subjects (24.39%) were serum positive for the AChR-ab. Those that
tested positive were more likely to have greater significant symptoms, as well as be associated
with a prior viral illness in comparison with those that were AChR-ab negative (p=0.001). The

subjects that proved to be antibody positive were also more likely to have greater severity in
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syncope and fatigue (p=0.05), as well as exhibit more exaggerated postural tachycardia in
comparison with the antibody negative participants (p=0.013) (Li et al, 2014).

The alteration of the ACh receptor by the AChR-ab causes an increased release of
norepinephrine from the thoracolumbar spinal nerves (Becker, 2012). The rise of NE causes
diminished uptake of noradrenaline within the synaptic cleft decreasing overall available NE.
This process leads to a lessened ability of alpha-1 receptors to activate the compensatory
vascular constriction response when standing, as well as may relate to the other signs of ANS
dysfunction such as altered sweating, flushing, urinary retention and decreased pupillary
responses (Gibbons & Freeman, 2009; Vernino et al, 2009).

POTS is considered heterogeneous and multi-factorial due to its various symptom
associations including dizziness, near syncope, brain fog, nausea, chronic fatigue, sleep disorder,
wide spread body pain, headache, urinary retention, abdominal pain, constipation, and or
diarrhea (Ohja et al, 2011; Bennaroch, 2012; Jarjour, 2013). Ohja and colleagues (2011)
surveyed children and adolescents with POTS and found that the sample reported high levels of
sleep disturbances, Raynaud’s-like signs, and gastrointestinal symptoms, with lower levels of
headache, syncope, or urinary abnormalities. Although chronic pain and EDS are highly
associated with POTS, the exact relationship remains unclear (Bennaroch, 2012). Greater
research is necessary to determine the nature of the relationship between these pathologies.
Tilt -Table Testing

The evaluation and diagnosis of POTS is established using the head up tilt test. This is
accomplished by the patient being strapped to a bed while being monitored for various vital
signs, symptoms, electrocardiogram (ECG), and heart rate variability (HRV). The bed is then

tilted at 60-70 degrees with measurements taken at intervals of 5 minutes (Grubb, 2008;
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Bennaroch, 2012). A diagnosis of POTS is made using a combination of factors. A heart rate
increase at 10 minutes under orthostatic stress of > 40 beats per minute is considered diagnostic
in children under age 16 years, while a heart change of >30 beats per minute establishes the
diagnosis of POTS in adults and adolescents greater than this age (Jarjour, 2013). The increase
of heart rate should be present with subjective reports of dizziness, nausea, headache, abdominal
and/or body pain to confirm the diagnosis of POTS (Johnson et al, 2010).
Anxiety

Anxiety disorders have been linked to chronic pain, EDS, CSS, and POTS (Martin et al,
2007; Mayer et al, 2012; Anderson et al, 2014; Sinibaldi et al, 2015). Although many would
dispute that anxiety is not the cause of symptoms occurring within these disorders, the presence
of anxiety is often considered a contributing factor of the disease presentation. More research is
necessary at this time to determine the role of anxiety in the development of CS and POTS in
children and adolescents with or without EDS/JHS and chronic pain.

Anxiety has long been associated with chronic pain in adult and pediatric populations. In
a large descriptive study of children admitted for chronic pain rehabilitation (n=3752), 41% of
subjects were found to have comorbid anxiety (Coffelt et al, 2013). The dispute among pediatric
pain experts is whether anxiety is a premorbid condition that leads to chronic pain or a result of
coping with the symptom. Martin and Colleagues (2007) attempted to answer this question by
querying children with chronic pain and their parents concerning psychological symptoms. The
investigators found that children with higher levels of anxiety had greater pain related fear and
activity avoidance, which positively correlated with higher levels of disability. The researchers
also discovered that anxiety sensitivity is a precursor to pain related disability, and is likely a

characteristic that contributes to the chronicity and severity of symptoms (Martin et al, 2007).
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Anxiety disorders are also associated with JHS/EDS (Pasquini et al, 2012; Sinibaldi et al,
2015). Pasquini and Colleagues (2012) found that subjects with JHS were 3 times more likely to
have anxiety based on the Hamilton Anxiety Rating Scale than control subjects without evidence
of hypermobility based on Beighton scoring. In a separate meta-analysis, 13 studies were
identified that discussed a positive correlation between joint hypermobility and anxiety
(Sinibaldi et al, 2015). However, none of the research was specific to children or adolescents.

Anxiety has been implicated as a comorbid factor in POTS (Anderson et al, 2014;
Kinkaid, 2015). Much like with chronic pain, the discussion of anxiety in POTS has been
controversial in both patient and provider communities, with many wondering if anxiety is a
main variable contributing to the symptoms presented in the disorder. The current state of the
science has not fully answered this question. However, Anderson and Colleagues (2014) found
that anxiety sensitivity is higher in patients with POTS that have greater symptom
manifestations. In a case report presented by Kincaid and Colleagues (2015) a 23 year-old
female with POTS having symptoms and behaviors of anxiety correlating with signs and
symptoms of POTS is discussed. Despite catecholamine levels correlating with symptoms of
both disorders during crisis, the medical team was unable to determine the role that anxiety had
in the overall disease presentation. Therefore, despite anecdotal evidence that anxiety is a
contributing variable in the objective and symptom presentation in POTS, there is not enough
data to support this relationship in the current state of the science.
PROMIS Anxiety Measure

The Patient-Reported-Outcomes-Measurement Information System (PROMIS) measures
are various surveys created out of an initiative by NIH to collect data on health related outcomes

reported by patients and caregivers (Fries et al, 2005). The anxiety PROMIS (PROMIS-A)
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measure has a version validated in children aged 8-17. The PROMIS-A is an 8-question survey
that asks questions about various aspects of anxiety and impact on function and quality of life.
Questions are posed in regard to fear, worry, and nervousness concerning tasks such as attending
school or going to bed (Irwin et al, 2010).

In a large-scale study by DeWalt and colleagues (2015) various PROMIS measures were
administered to children with different chronic health conditions (n=1454). The PROMIS-A was
one of the surveys utilized in this study. In children with sickle cell disease, patients with higher
pain interference (decreased function) were found to have higher anxiety based on PROMIS-A
(DeWalt et al, 2015).

Functional Disability

Findings from research in both adults and children with chronic pain show that symptom
intensity itself does not have high association with rate of disability, and that psychological
variables may have greater impact on individual performance factors (Cohen et al, 2010).
However, most studies to date have focused more on the reduction of pain intensity, rather than
increase in function or the decrease in associated mental health comorbidities (Wicksell et al,
2008).

Several factors have been linked with functional disability in adolescents with chronic
pain. Specific attention has been placed on anxiety and emotion-focused activity avoidant
behaviors (Kashikar-Zuck et al, 2002). In a study by Gilbert and Eccleston (2007) a sample of
adolescents with chronic pain were assessed for associated factors in functional disability.
Although pain intensity was related to decreased performance, it was not linked to poorer social
function or decreased school attendance. The investigators found that depression was more

indicative of functional disability than subjective pain scores or anxiety in this group (Gilbert &
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Eccleston, 2007). In a more recent study, Lynch-Gordon and colleagues (2014) found that pain
intensity did not correlate with function in adolescents with chronic pain, and that conventional
treatments for chronic pain (such as cognitive behavioral therapy) had greater impact on function
than subjective pain score.

Pasquini and Colleagues (2014) found that functioning was diminished based on the
Global Assessment of Functioning Scale in subjects with JHS/EDS in comparison with non-
hypermobile controls (p=0.002). However, despite the investigators demonstrating an
association between joint hypermobility and decreased function in subjects with JHS/EDS, the
mean age of the participants was 31 years, and no research to date has reviewed functional
disability in children and adolescents with JHS/EDS.

There is little information in current literature concerning functional disability in
adolescents with POTS. A study by Benrud-Larson and colleagues (2003) investigated
correlates of function in adult subjects with POTS. The investigators discovered through path
analysis that catastrophic cognitions had highest association with functional disability when
controlling for demographic and disease variables. Other predictors of functional disability in
adults with POTS were somatic hyper vigilance, neuroticism, and anxiety sensitivity (Benrud-
Larson et al, 2003).

Functional Disability Inventory

Walker and Greene (1991) developed the Functional Disability Inventory (FDI) to
evaluate function in children and adolescents with various chronic health conditions. This
measure has now been utilized to assess function in pediatric populations with different diseases
including juvenile idiopathic arthritis, sickle cell disease, chronic headache, and abdominal pain

(Claar & Walker, 2006). Although the FDI was originally developed to assess functional
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disability in children and adolescents with acute illness (Walker & Greene, 1991), the measure
has been validated in young subjects (aged 8-17) with chronic pain syndromes. This study found
the internal consistency of the FDI in this group to be Cronbach’s alpha =.91 (girls) and =.86
(boys), and test-retest reliability to be strong at r=.74 (Claar & Walker, 2006).

The FDI is a 15-item survey that asks the respondent to rate function in various activities
over the past two weeks; possible scores range from 0 to 60, with higher scores equating to
greater functional disability. Domains evaluated are home, school, recreational, and social
assessed on a Likert scale of 1 to 4 (Walker & Greene, 1991; Claar & Walker, 2006; Kashikar-
Zuck, 2011). In a large study (n=1300) by Kashikar-Zuck and colleagues (2011), children and
adolescents with chronic pain in 4 pediatric chronic pain centers were administered the FDI over
a 10-year period. The study found that scores greater than 30 were associated with severe
disability, whereas, moderate disability was found in scorers of 13 to 29, and minimal disability
in those that scored 12 points or less (Kashikar-Zuck, 2011).

Concluson

The main concepts within the conceptual framework were included in this literature
review. These concepts included: mechanisms of central sensitization, chronic pain, joint
hypermobility syndromes, postural orthostatic tachycardia syndrome, anxiety, and functional
disability in children and adolescents with these disorders. The instruments that are utilized to
measure each concept as they relate to children and adolescents and these syndromes were
discussed as part of recent studies reviewed. Common themes that were uncovered in this
review are that central sensitization syndromes, anxiety, chronic pain, joint hypermobility, and
functional disability are often exhibited in individuals with postural orthostatic tachycardia

syndrome. Following this review the author concluded that more research needs to be conducted



on how these symptoms and syndromes are related in children and adolescents in order to find
treatments that will decrease morbidity and disability in those diagnosed with these disorders.

Table 2. Concept Tables

Central Sensitization
Reference Purpose Design Sample Findings
Hermann et al, | To determine if | Case Control 19 children that | Time spent in
2006 time spent in were born NICU correlated
neonatal preterm and 20 | with increased
intensive care that were born | pain sensitivity
unit (NICU) full term that to thermal and
impacts pain had spent >3 pressure
threshold days in the stimulation
NICU, and 20
controls
without this
experience
Mayer et al, To validate the | Case Control 105 adult CSI has strong
2011 central chronic pain psychometric
sensitization patients and 40 | properties., test-
inventory healthy retest =.82,
(CSI) controls Cronbach’s
alpha =.88). A
score equal to or
greater than
40/100 is
consistent with a
larger degree of
CSS
symptomatology.
Neblett et al, Evaluate the Quantitative 121 chronic 74%, n=105 met
2013 percentage of | Descriptive pain patients criteria of >40
chronic pain presenting to a | score on CSI
patients with chronic pain
CS by use of clinic
the CSI
Geber, 2013 To use Case Control 60 subjects The QST
quantitative with chronic findings did not
sensory testing pain syndromes | differ among
(QST) and such as centers showing
Current pain fibromyalgia good inter-
threshold and chronic observer and
(CPT)ina regional pain test-retest




multicenter syndrome reliability of
study testing QST in CS
patients with disorders.
pain
syndromes

Koo et al, 2014 | Touse QST to | Case Control 439 subjects Subjects with

assess CPT in
patients with

with type 1 DM

type 1 DM that
have diabetic

type 1 diabetes autonomic
mellitus (DM) neuropathy had
lower CPT in
comparison with
those with
diabetes alone
specifically at
2000Hz
(p=0.001)
Uceyler et al, To use QST to | Case Control 25 subjects Subjects with
2013 detect small with fibromyalgia
fiber fibromyalgia have increased
neuropathy in and healthy age | warm/cold
patients with and gender detection
fibromyalgia matched thresholds
controls (p=0.001) in
comparison to
healthy controls
Chronic Pain
Reference Purpose Design Sample Findings
Huguet & To determine Cross-sectional | 561 37% of the
Miro, 2008 prevalence of sample had
chronic pain in a chronic pain
large sample of based on having
school-aged had pain in any
children area greater than
3 months. 5% of
those exhibited
moderate to
severe chronic
pain
Zerkinow et To evaluate the | Retrospective | 2249 patients Headache was
al, 2012 prevalence of chart review evaluatedina | most common
various chronic German (48%), with
pain syndromes pediatric abdominal pain

and disability in

chronic pain

at 11% and

39



children center musculoskeletal
presenting to a at 18%. 55%
chronic pain showed high
clinic disability.
Hirshfeld et 1 year follow up | Case Control 167 children There were
al, 2012 study on and adolescents | significant
children with that completed | changes in pain
chronic pain that a 3-week intensity
underwent a 3- chronic pain (p=0.001),
week rehabilitation disability
rehabilitation program (p=0.001),
program depression
(p=0.001) and
anxiety
(p=0.001) at 12
month follow up
Kashikar- To determine the | Case Control 1300 children | The FDI is
Zuck et al, utility of the ages 8-18 useful in
2011 functional determining
disability (FDI) functional
inventory with disability in
children that children and
have chronic adolescents
pain
Gilbert & Evaluation of Cross-sectional | 110 children Multiple
Eccleston, function and with chronic domains should
2007 school painseenina | be measured in
attendance in chronic pain the assessment
children with clinic of chronic pain
chronic pain and disability in
children
Tan et al, To validate the Cross-sectional | 440 adult The BPI is
2004 brief pain patient with useful in
inventory (BPI) chronic determining pain
in chronic non- intractable pain | level and

malignant pain

efficacy of pain
treatment in
patients with
chronic non-
malignant pain

Lynch-Gordon
etal, 2014

To determine the
efficacy of
psychological
treatment in

Case Control

94 patients
with chronic
pain ages 8-18

Psychological
therapy is
effective in
treating
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chronic pain in functional
children disability but not
pain scores in
children with
chronic pain
Joint Hypermobility
Reference Purpose Design Sample Findings
Rombaut et | Investigation of Case 23 subjects with | EDS/JHS is
al, 2013 CS in subjects Control EDS/JHS and 23 | associated with
with JHS/EDS age matched non | decreased pain
EDS/JHS controls | threshold, and
increased
subjective pain
scores and
functional
disability
Ving etal, | Evaluation of the | Cross- 131 adolescents 48% of
2014 prevalence of joint | sectional with a diagnoses | adolescents had
hypermobility in of fibromyalgia evidence of JHS
adolescents with based on
fibromyalgia Beighton scores,
which showed
high prevalence
of JHS in
adolescents with
fibromyalgia
Clark et al, | Investigation of Case 23 subjects with | PPT was lower in
2014 pain pressure Control EDS and 23 age | subjects with
threshold (PPT) in matched healthy | EDS (P<0.001)
patients with EDS controls showing subjects
with EDS have
lower pain
threshold
Tobias et al, | To investigate Cross- 2901 children Children with
2012 whether joint sectional from a pediatric | joint
hypermobility in longitudinal | clinic hypermobility at
childhood is a age 13.8 years
precursor to were 2 times
musculoskeletal more likely to
pain in adulthood report chronic
joint and muscle
pain at 17.8 years.
Zarateet al, | To determine the | Cross- 129 patients JHS/EDS is
2010 prevalence of sectional presenting to a prevalent 49% in
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JHS/EDS in gastroenterology | a sample of
patients presenting clinic with patients with
with functional functional functional
abdominal abdominal abdominal
disorders disorders disorders.
Puledda et | To determine Case 33 migraine Migraine in EDS
al, 2015 whether migraine | Control patients with EDS | occurred more
characteristics are and 66 non-EDS | days per month,
different in migraine control | was greater in
patients with EDS subjects intensity, and
versus non-EDS caused greater
migraine sufferers disability in
comparison with
the non-EDS
migraine group
DeWandele | Investigation of Case 39 female ANS dysfunction
etal, 2014 | autonomic Control subjects with was prevalent in
nervous system EDS and 35 age subjects with
(ANS)dysfunction and gender EDS versus
in EDS matched controls | controls (74% vs.

34%)

Postural Orthostatic Tachycardia Syndrome

Reference Purpose Design Sample Findings
Wallman et al, | To determine the | Cross-sectional | The charts of 18% of those
2014 prevalence of retrospective 109 POTS with POTS had

co-morbid EDS
in a sample of
POTS patients

chart review patients

co-morbid EDS

Ohja et al, To describe co- | Retrospective | 53 adolescent | Multiple non-
2011 morbid chart review. POTS patients | orthostatic
symptoms in that had filled | symptoms occur
children with out the Ohio in patients with
POTS. dysautonomia | POTS including
questionnaire. | fatigue, pain,
nausea, and
decreased
appetite.
Hoad, 2008 To determine Case Control 52 patients Standing HR
prevalence of with CFS and | was higher in
POTS in patients 52 similarly CFS group.
with chronic aged non-CFS | 27% had POTS
fatigue controls vs. 9% of
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syndrome (CFS)

control group.

Lietal, 2014 | To determine the | Cross-sectional | 82 adolescents | 24.39% (20/82)
rate of with a subjects had
acetylcholine diagnosis of evidence of
receptor POTS acetylcholine
antibodies in receptor
POTS antibodies.

Gibbons & Investigation of | Cross-sectional | 8 patients with | Higher levels of

Freeman, 2009 | ANS acetylcholine antibodies
dysfunction in receptor correlate with
patients with antibodies worse ANS
acetylcholine dysfunction
receptor based on tilt-
antibodies tests r=0.94,

p=0.001

Anxiety

Reference Purpose Design Sample Findings

Martin et al, To examine the | Mixed Method | 21 children and | Anxiety

2007 relationship Observational | adolescents sensitivity

between with chronic explained

anxiety, fear,
and pain related
disability in
children with
chronic pain.

pain ages 8-17

38.6% of the
variance in fear
of having pain

Anderson et al, | To examine Case Control 15 patients with | Patient with
2014 anxiety, POTS and 30 POTS had
depression, and healthy age and | higher anxiety
quality of life gender matched | scores.
in patients with controls (p=0.001)
POTS
Coffelt et al, To determine Cross-sectional | 3752 patient 41% of patients
2013 characteristics | chart review charts admitted for
of children chronic pain
admitted to had a diagnosis
acute care for of co-morbid
chronic pain anxiety
Pasquini etal, | To determine Case Control 47 patients with | Subjects with
2012 anxiety and JHS/EDS and | JHS/EDS had
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obsession in 45 healthy age | higher scores on
patients with and gender HAM-A than
EDS matched healthy controls
controls 6.7 vs. 3.8
(p<0.01)
Kinkaid et al, To present a Case Study A 23 year old Symptoms of
2015 case of anxiety Caucasian anxiety and
and its impact female with panic correlated
on symptoms in POTS and with orthostatic
a patient with symptoms of catecholamines
co-morbid anxiety in this patient
POTS with POTS
Irwin et al, To develop a Quantitative 1,529 children | Questions
2010 pediatric Descriptive and adolescents | concerning
anxiety bank Cross-sectional | presenting to depression and
for the patient multiple anxiety were
reported subspecialty separated into
outcomes clinics PROMIS
information measures for
system pediatric
(PROMIS) anxiety and
depression,
separately
DeWalt et al, A comparative | Case Control 1454 pediatric | With every
2015 analysis of 8 patients with measure (except
pediatric various chronic | for anger)
PROMIS diseases higher scores
measures, correlated with
including worsening
anxiety disease and/or
increased
hospitalization
Functional Disability
Reference Purpose Design Sample Findings
Cohen et al, To determine Case Control 222 adolescents | Pain intensity
2010 the relationship with chronic did not
with pain pain correlate with
related anxiety disability.
and function in Anxiety better
adolescents predicted
with chronic disability in the
pain sample p<0.015
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Wicksell et al,
2008

To determine if
acceptance
therapy can be
successful in
increasing
function in
patients with
chronic pain

Randomized
Control Trial

20 patients with
whip lash
associated
chronic pain. 11
randomized to
the treatment
group and 9 to
control

The patients
that received
acceptance
therapy (10
sessions) did
not show
significant
changes in
function with
those placed on
the waiting list

Kashikar-Zuck | To compare Case Control 18 patients with | The
et al, 2002 levels of fibromyalgia fibromyalgia
function, and 18 age and back pain
depression, and matched control | subjects were
pain in patients with similar in all
adolescents fibromyalgia areas. Level of
with lower back chronic pain or
pain and length of time
fibromyalgia of chronic pain
did not
correlate with
function.
Benrud-Larson | Investigation of | Cross-sectional | 94 subjects Pathway
et al, 2003 functional with POTS analysis
disability in demonstrated
subjects with that negative
POTS cognitions
(somatic
hypervigilence
and pain
catastrophizing)
correlated with
disability in this
group
Walker & Sentinel article | Case Control 47 adolescents | The FDI is
Green, 1991 discussing the and their useful in
development of mothers detecting
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the Functional functional
Disability disability in
Inventory (FDI) children.
Reliability was
high for both
child (.90), and
parent (.94)
report
Claar & An evaluation | Case Control 596 pediatric The FDI
Walker, 2006 of the patient with demonstrates
psychometric chronic pain good test-re-test
properties of and a subset of | reliability
FDI use with their parents (child=.74,
pediatric pain (n=151) parent =.64)
patients and internal
consistency

(ranging from
.86-.91)
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PRESENT STUDY

My dissertation committee approved the present study to be presented in the manuscript
option format. Prior to dissertation defense, 3 publishable manuscripts were submitted and
approved by the 4 members of my dissertation committee.

The first paper submitted can be found in appendix A, and is titled “Central sensitization
in functional chronic pain syndromes: Overview and clinical application.” This paper was
submitted for publication in January 2016 and published in Pain Management Nursing in
October 2016.

The second paper can be found in appendix B, and is titled “Chronic Pain in Adolescents
with Postural Orthostatic Tachycardia Syndrome.” This paper was based on the results of a chart
review that was completed prior to data collection for the present study. The manuscript was
submitted to Cardiology in the Young and is currently under review.

The final manuscript in appendix C is the first results paper summarizing the findings
from the present study. It is titled “Relationship between function, anxiety, and central
sensitization in adolescents with joint hypermobility: Findings from a prospective observational
study.” This manuscript will be submitted to The Journal of Pain.

Methods
Study Design

The present study utilized a descriptive cross-sectional design to evaluate joint
hypermobility, chronic pain, central sensitization (CS), postural orthostatic tachycardia syndrome
(POTS), anxiety, and functional disability in a sample of adolescents that have been evaluated
for autonomic nervous system (ANS) dysfunction in either a pediatric cardiology or pain

medicine clinic located within a large tertiary care hospital setting.
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Samplingand Setting

A convenience sample of 40 adolescents were recruited from the cardiology or pain
medicine clinics at Children’s National Medical Center (CNMC) in Washington, DC. All
eligible participants were approached for participation in the study as they came for their
scheduled appointments in these clinics during the recruitment period. The sample size was
based on estimated 5-10 subjects per variable being evaluated within the model, taking into
account an estimated 10% missing data (Field, 2009).

The target population for the present study was: 1) adolescents 12 to19 years who have
been evaluated for ANS dysfunction using tilt-table testing or bedside tilt test in the previous 12
months prior to, or on the day of enrollment for the study, and 2) able to read and speak English.
Exclusion criteria were the inability to provide informed consent, and not meeting inclusion
criteria.
Recruitment Plan

Subjects were enrolled into the study from the CNMC cardiology clinic and the pain
medicine care complex using purposive convenience sampling. The syncope nurse and the PI
identified potential participants prior to their appointments in these clinics. The individuals were
communicated with via phone within the week to ask if they would be interested in participating
in the study while they are at the CNMC campus. The PI and research assistant met the subject
and parent at the clinic either before or after their appointment time to collect data. Only 2 out of
42 potential subjects that were approached for recruitment in the present studied declined to

participate.
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Human Subjects Protection

The Institutional review boards (IRB) at Children’s National Medical Center (CNMC)
and The University of Arizona reviewed this proposal to assure ethical standards for research
with human subjects are met. The IRB process included a review of: subject safety, potential
risks, confidentiality, and consent/assent procedures. Once IRB approval was recieved, the
primary investigator (PI) provided informed oral and written consent to parents or guardians, and
assent to subjects under the age of 18 years (see appendix D). The informed consent/assent
consisted of a verbal and written explanation of the purpose of the study, potential risks and
benefits, subject confidentiality, and that participation in the study is voluntary at all times.
Procedures were described including chart evaluation, physical assessments, and questionnaires.
Subjects or their parents signed a consent and assent (if under age 18) prior to enrollment to the
study. No subject under the age of 18 was enrolled in the study without a signed assent, despite
a signed consent by the parent or guardian. Subjects and parents or guardians were informed that
participant confidentiality would be met by assigning a reference number in place of any other
personal identifiers, keeping data within a password protected file, and hard copies locked in a
cabinet with access given only to the PI and other investigators working directly with the study.
Potential risks of study participation were minimal and include the burden of travelling to
CNMC, potential discomfort that is participant controlled during quantitative sensory testing
(QST), and time taken to fill in questionnaires. The time expected for informed consent and
assent, physical assessment, QST, and filling in questionnaires was estimated at one hour, and

was found to never exceed that during data collection.
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Data Collection

Information regarding age, gender, and race/ethnicity were taken from the electronic
health record. Participants and their parents were given time to ask questions and review any
information for clarifications prior to consenting to the study. Once the subject and their parent
signed the informed consent and assent documents, the study was be performed in a controlled
ambient room temperature (23 degree Celsius) in a quiet room dedicated to perform the test in
either the pain medicine or cardiology clinics. The participants were asked to first complete the
FDI, PROMIS-Anxiety, CSI, and BPI questionnaires. After the questionnaires are completed,
the subjects were be evaluated for joint hypermobility using the Beighton Score, and central
sensitization using quantitative sensory testing with the neurometer. Tilt-table or bedside tilt
results were taken from the medical record or verbally from the clinic staff if data were collected
that day.

Measures
A copy of all measures can be found in Appendix E.
Central Sensitization Inventory (CSl)

The CSI was utilized to subjectively measure central sensitization. The CSI is divided
into two sections. The first section has 25 questions regarding symptoms that are related to
central sensitization syndromes (CSS). Each Likert scale question ranges from never (0) to
always (4) with a total possible score of 100. A score of 40 or greater is consistent with central
sensitization (Neblett et al, 2013). The CSI has not been validated in pediatric populations. This
will be considered a limitation of this study.

The second section of the CSI asks if the individual has been previously diagnosed with

common central sensitization syndromes and year of diagnoses. These syndromes include
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fibromyalgia, tension headache, migraine, irritable bowel syndrome, temporomandibular joint
disorder, chronic fatigue syndrome, and restless leg syndrome, as well as disorders related to
CSS such as anxiety, depression, chemical/environmental sensitivities, and panic disorder
(Nesblett et al, 2013).

Brief Pain Inventory (BPI)

The BPI was used to evaluate each subject’s degree of pain. The BPI consists of a total
of 9 questions. Questions 3-6, scored from 0 to 10, with 10 indicating higher pain, relate to the
level of pain in the last 24 hours as worst, least, average and current. Question 9 relates to how
pain affects function, and is broken down into sections A-G (Cleeland, 1989). Each question is
on a Likert scale ranging from 0-10. The average score for questions 3-6 is the BPI for pain
intensity, and the average score for question 9, A-G is the BPI score for pain interference (Tan et
al, 2004). The remaining questions (1, 2, 7, 8) are in yes or no, diagram, or short answer form.
These questions relate to area of pain, medications used, and percent of pain relief from
medications or other therapies, but are not part of the BPI scoring (Cleeland, 1989). Since
questions other than 3-6 or sections of question 9 are not part of BPI scoring, they were not
considered in the primary data analysis. Lynch-Gordan and colleagues (2014) validated the BPI
for use in children aged 8 to 18 years.

Patient Report Outcomes Information SysterdPediatric Anxiety (PROMIS-A)

The PROMIS-Anxiety scale was utilized to evaluate degree of anxiety. This is a 15-
question bank that assesses an individual’s level of anxiety based on variables related to anxiety
such as nervousness, worry, and fear. Each question is on a 5-point Likert scale from never (0)
to Always (5) for a total score of 0-30 points. The Pediatric Anxiety PROMIS-A is validated in

children aged 8 years and above (Irwin et al, 2015).
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Functional Disability Inventory (FDI)

The FDI was used to assess level of functional disability. The FDI is a 15-question
survey that asks questions on various areas of functioning including physical, social and
cognitive domains. The FDI is scored from 0-60, with each question having a total possible 4
points. Higher scores relate to greater degree of functional disability with 0-12 points correlating
with no or minimal disability, 13-29 to moderate disability, and to 30-60 as severe functional
disability (Kashikar-Zuck et al, 2011). The FDI has been validated in children aged 8 years and
above (Walker & Greene, 1991).

Beighton Score

The Beighton Score was utilized to measure the degree of joint hypermobility in each
subject. The joints assessed using the Beighton Score are the wrists bilaterally, fifth fingers
bilaterally, elbows bilaterally, knees bilaterally, and the back. Each of these areas receive a 1
point score when the individual demonstrates hypermobility at that joint for a total possible score
of 9 points (Beighton et al, 1973; Beighton et al, 1998).

The subject scored one point for each wrist when passively able to pull the thumb to the
wrist, one point for each fifth finger able to passively be brought to a greater than 90 degree
angle to the hand when lying flat, 1 point for each elbow that actively moves beyond 10 degrees,
1 point for each knee that actively moves beyond 10 degrees, and one point for the back when
able to place palms flat to the floor with legs together and knees not bent (Beighton et al, 1973;
Beighton et al, 1998). Although the Beighton score is an assessment validated in children aged 6

years and above (Smits-Engelsman et al, 2011).
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Quantitative Sensory Testing (QST)

Quantitative Sensory Testing (QST) was performed using a FDA-approved devices that
is currently used to diagnose neuropathies (Neurometer CPT, Baltimore MD, appendix G). We
conducted QST on 3 sensory nerve fibers using neuro-specific stimulation with sine wave
technology. Each neuro-stimulator test sequence involved testing all three frequencies (2000,
250, and 5 Hz) up to three (3) times. These frequencies specifically stimulate A-Beta (ApB), A-
Delta (Ad), and C fibers respectively. The testing protocol started with administering a current at
a 2000 Hz (Ap) frequency, then 250 Hz (Ad) and finally ending with 5 Hz (C fiber). Current
intensity began at a 100 pA intensity and progress through the automated sequence by a set
pattern of increasing intensity. Each stimulus lasted 3 seconds and there was a 3-second interval
between stimuli within a given frequency. Each frequency (sensory fiber) was be tested 3 times.
The index finger of the non-dominant hand was utilized for testing allowing the dominant hand
access to the button that controlled the stimulus. QST has been utilized successfully research in
on CPT in children aged 9-15 who suffer from migraines (Zohsel et al, 2006).

Procedure for Quantitative Sensory Testing

1. The sensor was attached to the area of testing.

2. Once the test was setup, the ‘Start’ button was pressed to begin the test.

3. In the first test, subject indicated by pressing the button when they first perceive
the stimulus. This was done three times for each frequency 2000Hz, 250 Hz, and
5 Hz.

4. For the second test, the subject pressed the button when they reached the current
pain threshold (CPT). The CPT was indicated when the individual longer wants

to feel the next stimulus.
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Data Analysis
Prior to analysis, a database was created by the PI using Excel. The accuracy of the
database was confirmed by the research assistant with 100% accuracy using 10% of the data that
was selected at random for review. Data were analyzed using SAS 9.3 (SAS Institute Inc, Cary,
North Carolina) with two-tail significance level a of 0.05. The mean, standard deviation,
median, and range were calculated for continuous outcomes. Count and percentage were
calculated for categorical outcomes. Chi-Square test was used to detect associations between
categorical data, such as JHS, POTS, gender, and hyperalgesia on specific nerve fibers (HAtS,
HAt250, Hat2000). Wilcoxon rank sum tests were used to test for associations between
categorical data and continuous variables such as FDI, CSI, anxiety, QST data, BPI, and
Beighton score. These two non-parametric tests were employed after the sample was divided into
smaller groups of categorical data, and therefore assumed to be no longer normally distributed.
After normal distribution of the full sample data was determined, Pearson correlation was
calculated between interval variables such as Anxiety, Beighton, CSI score, FDI score, BPI
score, and QST results. ANCOVA was used to analyze the association between CS (dependent
variable) and FDI with anxiety, gender and age as covariates.
Results
Result tables can be found in appendix F. Descriptive statistics including prevalence,
means, and standard deviations are illustrated in tables 3 and 4. As seen in table 3, 73% of the
sample had a diagnosis of POTS, and 50% of the participants demonstrated JHS. As seen in
table 5, Chi-square tests revealed that there were no associations between having a diagnosis of
POTS and any other variable when compared to those without the diagnosis. Table 6 illustrates

Chi-square test analysis that compared subjects with and without JHS in relation to other
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categorical variables. JHS was found to be associated with hyperalgesia on Ad (Hat250)
(p=0.008) when compared those with our JHS. As seen in table 7, Chi-square analysis
comparing subjects with and without CS (based on CSI score) revealed that female gender is
associated with CS (p=0.006). Table 8 depicts Chi-square test findings comparing male and
female subjects within the sample for categorical variables. Female gender was shown to have a
significant association with CS (0.006) in comparison with male subjects. As seen in table 9,
Wilcoxon rank sum tests revealed that when comparing subjects with and without POTS for
different continuous variables, there was no association between the diagnosis of POTS and any
other factor. Table 10 illustrates the findings of comparing JHS status for different continuous
variables utilizing Wilcoxon rank sum tests, which revealed that anxiety (p=0.015) and lower
pain threshold on Ad (p=0.043) are associated with having JHS. As seen in table 11, when
comparing subjects with and without CS using Wilcoxon rank sum tests, higher age (p=0.005)
and anxiety (p=0.015) had significant association with CS. Table 12 depicts the analysis using
Wilcoxon rank sum tests to compare male and female subjects for different continuous variables,
and notes the correlation between female gender, CSI scores (p=0.009) and anxiety (p=0.001).
As seen in table 13, Pearson correlational analysis found that anxiety significantly correlated
with CSI (CS) (r=0.621, p=0.0001), FDI (r=0.62, p=0.001) BPI2 (r=0.399, p=0.021), and T2000
(r=-0.378, p=0.029). Beighton is correlated with CSI (CS) (r=0.402, p=0.02) and FDI (r=0.554,
p=0.001), CSI (CS) 1s correlated with anxiety (r=0.62, p=0.001), FDI (r+=0.553, p=0.0001), and
BPI2 (r=0.530, p=0.001). Table 14 illustrates the ANCOVA analysis, which found that CS
(dependent variable) is predicted by FDI, when removing the impact of covariates anxiety, age

and gender.
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Limitations

This study was limited by a small sample size restricted to a single geographic region in
the mid Atlantic region of the United States. With a larger sample, there may have been
statistical significance when comparing and correlating some of the variables being studied. One
example of this in the present study is in the comparison of Beighton scores between subjects
with or without POTS. This comparison had a p value of 0.077. With a larger sample size, there
would likely have been greater statistical power to detect a relationship between higher Beighton
scores in the POTS diagnosed group in comparison with those without the diagnosis. Another
limitation of this study is that many of the subjects tested for POTS were being retested after
having started medications for the disease. These medications could have had an effect on the
heart rate difference during the tilt or bedside tilt testing. This element likely impacted the
correlational analysis between heart rate difference and the other factors being studied because
many of those diagnosed with POTS did not meet criteria for an initial diagnosis of the syndrome
when retested after starting medication. A study of subjects being initially tested for POTS off
of medications may produce different findings.

Discussion

The present study did not support the hypotheses. POTS did not manifest as a possible
CS disorder. In comparison to those without POTS, subjects with POTS did not have greater
association with any other variable, including CS. Based on this knowledge, a revised version of
the original theoretical model was created. Figure 2 depicts the new model, now titled the
Theoretical Model of Joint hypermobility, Anxiety, Function, and Central Sensitization, which is
located at the end of this discussion. The revised theoretical model takes into consideration the

finding that joint hypermobility was significantly correlated with anxiety, central sensitization,
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and functional disability. Joint and tissue injury related to collagen dysfunction in JHS/EDS is
the factor that may explain the findings. The results and revised theoretical model are depicted
in the model on page 58.

Hypothesis 2 also was also not supported by the results. Subjective CS on the CSI did
not correlate with QST on AP, Ad, or C sensory nerve fibers. This perhaps implies that
perceived hyperalgesia may be greater than objective findings indicate. Although subjects with
POTS did not have significantly higher FD, FD did correlate with CS. FD and CS continued to
have a significant correlation even when analyzing with controlling for anxiety. This finding
may indicate that treating anxiety alone will not effectively increase function in adolescents with
CS disorders.

The rationale for studying variables associated with functional disability in pediatric
chronic pain syndromes is to aid in the development of treatments that will deter FD in those at
risk. JHS and POTS are disorders known to be associated with several factors that are linked to
FD. Although frequently reported in the literature and found with high prevalence in this present
study, subjectively reported pain level did not correlate with any other variable examined,
including anxiety, function, POTS, and JHS. This is important information for pediatric pain
specialists because it implies that reducing pain alone will likely not increase function in children
with chronic pain disorders. Anecdotally I discovered this when working as a provider in a
pediatric chronic pain clinic. I often could get pain scores to decrease with medications alone,
however function did not increase until other treatments such as cognitive behavioral therapy
were started.

Central sensitization was found to correlate with many factors studied, including JHS

diagnosis, Beighton score, anxiety, and function. Of significance is the association with JHS and
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the development of sensitization, which was evident both subjectively and objectively with
hyperalgesia on Ad sensory nerve fibers. The process of CS often stems from consistent
peripheral nociceptive stimulation (Baron et al, 2013). This is important to note when
considering the finding of hyperalgesia on the Ad nerve fiber in adolescents with JHS since this
fiber is responsible for afferent transmission of mechanical pain stimulation (Duan et al, 2014).
It has been previously postulated that the mechanical stress on myofascial and joint tissues in
JHS may lead to micro trauma and persistent inflammation that can result in a disorder of CS
such as fibromyalgia (Buskila & Ablin, 2012). This process may also result in small nerve fiber
neuropathy as recently discovered by Cazzato and Colleagues (2016) in a cohort of adults with
EDS. This recent finding corresponds with hyperalgesia on Ad, which is a small sensory nerve
fiber. However, the JHS group did not have significantly higher hyperalgesia on the C fiber,
which is also a small sensory nerve fiber. The significance of this finding in the sample is
unknown, but may relate to the pathophysiology that leads to hyperalgesia in patients with JHS
and should be investigated further.

When comparing those with or without JHS, present study found no differences in
hyperalgesia on the AP sensory nerve fiber, which is known for afferent transmission of touch
input and inhibition of nociceptive stimuli in the dorsal root ganglion (Price & Prescott, 2015).
In later stages of CS, AP is recruited to nociceptive afferent transmission in conjunction with Ao
(Baron et al, 2013). The lack of hyperalgesia on A in the sample may indicate that progression
to disinhibition of AP that is depicted in the model of CS may evolve in individuals with JHS
over time. This knowledge suggests that a diagnosis of JHS in children with early treatment that
consists of bracing and biomechanical education through physical therapy may deter

advancement to hyperalgesia and eventually CS.
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Anxiety had the strongest correlation with JHS, function, and CS. This was not
surprising given current research demonstrating the occurrence of anxiety in chronic pain
syndromes. The presence of mood disorders in chronic pain syndromes often stigmatizes the
chronic pain sufferer causing many clinicians to claim that the presence of anxiety or depression
is the sole source of pain. Since there was no established relationship between anxiety and pain
level in this study, it can be postulated that adequate treatment of anxiety is not likely to decrease
subjective pain assessment scores of adolescent chronic pain sufferers. However, given the high
association of anxiety with both function and CS, effective anxiety treatment may impact a
decrease in functional disability and presence of CS symptomatology in children and adolescents
with JHS.

More research needs to be done on the relationship between variables associated with the
development of CS and functional disability in children and adolescents with JHS and POTS.
Future research should use a larger sample size and vary the sample among several centers
throughout the United States or worldwide. This will give more generalizable data that could
truly discuss the relationship between variables associated with decreased function in children

and adolescents with JHS, POTS, and CS syndromes.
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Figure 2. Theoretical Model of Joint Hypermobility, Anxiety,

Function, and Central Sensitization

Future Research
One of my mentors at Children’s National Medical Center, Dr. Suzanne Feetham, stated
that a good research study will produce more questions than it does answers. I believe that this
study did yield valuable information, but it also produced some interesting questions that can
continue to be explored. The present study should be replicated in adolescents getting an initial
diagnosis of POTS through tilt table testing. This would give a more accurate depiction of the
relationship between heart rate difference in patients with POTS and other outcome variables

discussed in the literature as being associated with the syndrome.
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Adolescents with JHS should be further assessed for small fiber neuropathy. This can
be accomplished by skin biopsy as reported by Cazzato and Colleagues (2016) in adults with
EDS. This biomarker can be compared to QST measures such as neurometry to see if
neurometry alone could detect small fiber neuropathy without the need for biopsy in adolescents
with JHS or EDS.

The CSI can also be a good research tool in children and adolescents with chronic pain,
JHS, and POTS. This questionnaire has not been validated in children, and a future study could
accomplish this. The CSI may also be useful in detecting CS in children and adolescents with
chronic pain syndromes, and with disease known to lead to chronic pain such as EDS/JHS. The
survey is simple to deliver in the office setting, and may be able to detect CS early enough to
divert the development of FD. Future studies can be done using the CSI in various pediatric
populations.

Conclusion

This section discussed the present study, including the methods, analysis, results,
discussion, and future research. Although the study did not prove the theoretical model or
hypothesis to be true, the findings were consistent with resent literature on the topic of joint
hypermobility and peripheral small fiber neuropathy. The next steps for this budding researcher
will be to follow these findings and the new questions that they presented, and to remember that

there is always new knowledge to discover.
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Abstract
The purpose of this overview and clinical application paper is to offer nurses up to date
knowledge on peripheral and central sensitization in chronic functional pain syndromes, and
discuss therapies that have shown efficacy in treating various aspects of these disorders. Central
sensitization is a result of changes in the peripheral and central nervous system due to noxious
stimuli, such as illness or trauma. Once these changes occur, treatment for the associated
syndromes requires a multimodal approach that includes behavioral pain psychology, physical
therapy, and pharmacological agents that specifically target neuroinflammation, pain
modulation, and amplification of pain pathways. More research needs to be conducted on the
basis and patient perception of functional pain syndromes in order to reduce the morbidity and
significant disability associated with these illnesses. Nurses have the opportunity to be at the
forefront of this research due their holistic and multidimensional approach to patient care,
assessment, and symptom management.
Key Words: Central Sensitization, Peripheral Sensitization, Neuroplasticity,

Neuroinflammation, Nocioception, Functional Pain Syndromes.



72

Objective and Data Sources

The objective of this paper is to discuss and define the concept of central sensitization as
it pertains to functional pain syndromes, as well as to discuss the treatment options, future
research objectives, and implications to nursing. A literature review was conducted applying a
systematic approach utilizing the databases: CINHAHL, MEDLINE, EMBASE, and Google

29 ¢c

Scholar. The terms “central sensitization,” “peripheral sensitization,” and “functional pain
syndromes” were employed in this search. Following a systematic screening process based on
relevance to the topic and level of evidence, 25 articles were chosen for this overview and
clinical application paper.
Introduction

Chronic pain is a serious health concern in both pediatric and adult populations that is
often associated with high levels of functional disability and morbidity (King et al, 2011). The
International Association for the Study of Pain (IASP) defines chronic pain as a condition that
occurs for greater than 3 months (Merskey & Bogduk, 1994). Many chronic pain disorders are
those without any found anatomical cause, and therefore are deemed “functional pain
syndromes.” Recent research is now implicating a set of central nervous system (CNS) events
that are linked to chronic pain conditions such as fibromyalgia, irritable bowel syndrome, and
interstitial cystitis, to name a few (Phillips & Clauw, 2011). This neural process is known as
central sensitization, and the syndromes that are associated with its occurrence are called
disorders of central sensitization.

Central sensitization (CS) is a pathological pain state that is also known as pain memory

because the sensation of pain lasts long after the initial stimulus. CS is thought to be the variable

that most contributes to the evolution from acute to chronic pain (Noel et al, 2015). In this
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process, synaptic neural plasticity occurs, which is the alteration of neurons based on
environmental and genetic factors. Neural plasticity in chronic pain syndromes has been a strong
interest of pain clinicians and researchers in recent decades. It is now understood that there is a
set of pathological conditions that lead to CS. The process begins with peripheral sensitization
and advances to early and then late phase central sensitization leading to allodynia (pain to light
touch) and diffuse hyperalgesia (widespread increased sensitivity to painful stimuli) (Woollf,
2007; Woolf, 2011).
Peripheral Sensitization

Increased neuro-excitability in a localized area is known as peripheral sensitization (PS).
PS is an exaggerated pain response limited to the area of injury (Ji et al, 2003). The progression
to PS is a result of noxious stimuli such as injury, illness, or inflammation. PS begins with the
sensitization of nocioceptors, which are neurons that respond specifically to noxious stimuli.
This process results in a lower threshold of the peripheral nocioceptor terminals that follows
tissue injury (Wolf, 2011). Ensuing trauma, a group of inflammatory messengers including
prostaglandins, cytokines, leukotrienes, and bradykinin are released (Bridgestock & Rae, 2013).
These chemicals are also the result of persistent activation of microglial cells in the contralateral
thymus of the brain that initiate neuroinflammation as a result of injury or illness (Cooper &
Clark, 2013). The resultant inflammatory messengers cause alterations in neuron-specific
voltage-gated sodium channels that subsequently produce reduced activation potentials and
increased membrane excitability (Ji et al, 2003). Elevated neural-excitability in PS triggers
reduced pain thresholds leading to a heightened response to pressure and heat stimuli (Hermann
et al, 2006). Sensitivity to these sensations can bring about fear and avoidance of previously

enjoyed activities that may elicit increased pain through minor trauma.
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Central Sensitization

Central sensitization (CS) is now understood to be responsible for pain hypersensitivity
outside of the area of the original area of injury. This is also known as secondary hyperalgesia
(Wolf, 2011). The progression from PS to CS has a clear association with memory, and in fact,
shares common molecular processes resulting in neuralplasticity of neurons within the limbic
region of the brain (Ji et al, 2003).

CS is separated into acute and late phase sensitization. In acute phase CS, the activation
potential of neurons in the dorsal horn of the spinal cord is lowered through increased glutamate
transmission by N-methyl-D-aspartate (NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid (AMPA) receptors. A rise in the amino acid glutamate and substance P reduces
the activation threshold and intensifies the opening characteristics of various ion channels
leading to an upsurge in neuron excitability (Wolf, 2007; Argoff, 2008). The increase in
synaptic glutamate also results in the death of inhibitory neurons that would usually help
modulate pain signals. Inhibitory neurons are replaced by greater numbers of afferent excitatory
neurons that allow pain signals to flourish (Henry et al, 2011).

Late phase CS involves an alteration of gene expression within dorsal horn neurons.
(Wolf, 2007). This is important to understand because after these changes in gene regulation
occur in late phase CS it becomes more difficult to fully recover from hyperalgesia. The
alteration in gene expression leads to changes in the dorsal root ganglia giving these non-afferent
neurons the capacity to induce CS without nocioceptive input (Ji et al, 2003). Continued afferent
outflow without inhibitory response results in greater pain transmission to the brain, specifically
in the insula, the area that is responsible for interpretation of various sensory information (Henry

& Clauw, 2011).
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Clinical Presentation

CS is heterogeneous in clinical presentation with various degrees of pain, affected sites,
and disability. Patients with CS will often be referred to a chronic pain clinic for ongoing pain
that does not correspond with objective findings such as swelling, trauma, or radiological results.
Oftentimes, the individual has had pain associated with an injury or illness that is no longer
active, but the symptoms remain debilitating. The discomfort described in disorders of CS is
usually higher than pain levels expressed in any other trauma or illness. Allodynia is the
hallmark of CS and makes it difficult for the sufferer to socialize normally due to fear of touch or
bumping into the affected area, which can incite a severe pain exacerbation.

The patient with either PS or CS will usually have certain objective findings on physical
assessment. PS will often present with a cold and mottled extremity with pain to light touch that
does not extending beyond the effected region. Once the patient has progressed to CS, the
patient will complain of pain to multiple sites (or one large area such as in visceral hyperalgesia)
and will many times present with generalized mottling, or acrocyanosis to the entire or distal
limbs. Other symptoms described are fatigue, dizziness, and difficulty concentrating or “brain
fog.” The clinical presentation in CS often mimics autonomic nervous system (ANS) disorders,
and patients with these syndromes may also receive a diagnosis of postural orthostatic
tachycardia syndrome (POTS), a disorder of ANS function. However, although the association
between chronic pain and POTS has been demonstrated in recent years (Staud, 2008; Ohja,
2011), the impact that having chronic pain has on ANS function has not been clearly established

in the current state of science.
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Diagnosing Peripheral and Central Sensitization

A clinician that is knowledgeable about the CS phenotype can easily recognize and
diagnose these disorders in individuals that present with the signs and symptoms discussed.
There are also a few tools that can better establish this somewhat elusive diagnosis. Most of
these measures can be easily integrated into a chronic pain, orthopedic, or rheumatology practice
and may reduce the time from symptom presentation to diagnosis for some.

The diagnoses of fibromyalgia was made easier by the American College of
Rheumatology in 2010 (ACR 2010) with the creation of diagnostic criteria which includes 11
tender points on physical evaluation and a questionnaire that asks about other factors of CS such
as fatigue, sleep hygiene, and poor concentration (Wolfe et al, 2014).

Another recently developed survey called the central sensitization inventory (CSI) is a measure
that is used to identify symptoms related to CS and determine their degree in a 100- point scale.

The CSI is the first instrument developed to identify key symptom manifestations of CS, rather
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than focus on those found in each separate disorder (Mayer et al, 2011). A score equal to or
greater than 40/100 is consistent with a larger degree of CS symptomatology. Subjects with a
diagnosis of fibromyalgia had higher CSI scores in comparison to other chronic pain syndromes
(Mayer et al, 2011; Neblett et al, 2013). Although these instruments are valuable in detecting
CS, since none of the measures are entirely subjective and can be impacted by a multitude of
variables; their use for treatment follow up may not offer an accurate assessment of therapeutic
efficacy.
Treatment Options

Due to the varied syndromes associated with CS, treatment options are mainly discussed
using the evidence related to functional and chronic pain syndromes, which based on the
evidence, likely also stem from the same pathophysiological process (Henry et al, 2011; van
Wilgen & Keizer, 2012). These treatment options were extracted from the most recent reviews,
case series, and clinical trials related to CS, functional pain syndromes, or specific to disorders of
CS, such as fibromyalgia. However, literature specific to the treatment of CS in general is
sparse, which demonstrates the need for further research in the area.
Non-Pharmacological Therapies

Effective therapy for CS should incorporate a multidisciplinary approach that includes
physical therapy, pain psychology, and pharmacological agents (Simons et al, 2010). Physical
therapy should include a gradual increase in exercise endurance as well as desensitization of
areas with pain hypersensitivity and/or allodynia. Manual joint therapy and transcutaneous
electrical nerve stimulation (TENS) are often performed by the physical therapist in treating CS.
These therapies are utilized to stimulate descending anti-nocioceptive pathways that help to

modulate pain (Nijs et al, 2011).
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Pain psychology, and particularly cognitive behavioral therapy (CBT) is often essential to
effectively treat pain and disability associated with CS. CBT uses techniques to change thoughts
and behaviors related to pain (Craske et al, 2011). By changing the individual’s thoughts and
behaviors associated with pain, the patient is then able to reduce their anxiety sensitivity. A
reduction in anxiety sensitivity can help relegate the fear avoidance cycle, increase pain
tolerance, and decrease disability in the patient with chronic pain (Simons et al, 2014).

A recent systematic review by Lauche and colleagues (2015) discusses the relevance and
efficacy of integrated medicine techniques in the treatment of fibromyalgia syndrome.
Discussed in this review were therapies such as tae chi, mindfulness based interventions,
hypnotherapy, guided imagery, acupuncture, yoga, and biofeedback. The authors reported that
the majority of research studies on the use of these techniques for fibromyalgia were
methodologically flawed, which limited the ability to make conclusions about their efficacy.
However, many of the therapies such as mindfulness and meditation, acupuncture, and yoga did
show at least short-term efficacy in reducing pain for patients with fibromyalgia. The article
concluded with the need for higher-level research on the use of integrated medicine techniques
for chronic pain syndromes.

Pharmacological Therapies

Many medications have been employed and marketed for the treatment of chronic pain
and disorders of CS. Antidepressant medications such as tricyclic antidepressants (nortriptyline,
amitryptiline, among others) or norepinephrine and serotonin reuptake inhibitors (duloxetine)
have been found effective in treating disorders of CS. These medications stimulate the
noradrenergic and serotonin pathways that help to alter pain processing and increase the

individual’s ability to cope with pain (Nijs et al, 2011).
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NMDA receptor antagonists, such as ketamine are also utilized in the treatment of CS
disorders. Ketamine antagonizes the NMDA receptor, which then reduces the depolarization of
neural pain pathways and amplification of signals that lead to CS (Nijs et al, 2011; Azari et al,
2012). Ketamine can be administered via IV in an ultra low dose formulation that will not
induce anesthesia, or can also be given via oral or intranasal routes (Azari et al, 2012).

Low dose naltrexone (LDN) is a newer medication used in the treatment of many
disorders of CS such as fibromyalgia and chronic regional pain syndrome (CRPS) (Younger et
al, 2013; Younger et al, 2014). At low doses in the range of 3-5mg, LDN has been found to
reduce the signals from the microglial cells in the central nervous system that stimulate the
release of pro-inflammatory substances such as cytokines and nitric oxide. The use of LDN has
shown efficacy in treating pain and fatigue associated with CS by reducing the effects of these
inflammatory chemicals on multiple neural channels associated with nocioception (Younger et
al, 2013).

Implications to Nursing

Patient education has long been an important aspect of core nursing practice. By
understanding the process that leads to sensitization in chronic pain syndromes, the nurse has the
opportunity to explain to patients how persistent pain results from a physical cause that is a
consequence of changes within the central nervous system (van Wilgen & Keizer, 2012).
Mosely and colleagues (2004) demonstrated that chronic pain sufferers had better attitudes, less
catastrophizing, and less functional disability when educated about the pathological process that
leads to chronic pain and central sensitization.

Further research is needed in order to fully understand and successfully treat the

symptoms and subsequent disability associated with disorders of central sensitization. Nurses
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can be at the front line of this research since they are consistently at the forefront of patient care,
and have the capability of collecting data both qualitatively and quantitatively concerning the
symptoms and other factors associated with CS and functional pain syndromes. This work will
allow for the development of better treatments as well a new research questions that will foster
more knowledge in the field of chronic pain assessment and management. One area in particular
that nurses can lead in chronic pain research and treatment is in the area of integrated medicine
to manage symptoms associated with disorders of CS and functional pain syndromes. As
demonstrated by the literature, this is a topic of growing interest and relevance to chronic pain
management, and is a field that speaks to the holistic focus that nursing has long time
represented.
Conclusion

Disorders of CS and other functional pain syndromes are often difficult to treat and are
associated with tremendous symptom burden and disability. These disorders are believed to
stem from a process of pain memory and neuro-plasticity that needs to be identified as early as
possible and treated by a multi-disciplinary approach. Early diagnosis can be made by clinicians
with an understanding of the signs and symptoms associated with CS. This phenotype has been
found to cross over with many other disorders and syndromes, including those that affect the
autonomic nervous system such as POTS. A closer look at this connection is essential to the
future management of co-morbid chronic pain and POTS in both children and adults. Further
research is also necessary on CS and functional pain syndromes in general in order to help with

early diagnosis and treatment of these potentially disabling disorders.
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Abstract

Background and Objectives

Postural orthostatic tachycardia syndrome is a disorder of the autonomic nervous system
that is multifactorial and associated with a high symptom burden. Symptom clusters associated
with the syndrome are well documented in the literature, which include tachycardia, dizziness,
syncope, nausea, and fatigue. Although acknowledged by many recent articles, the association
of postural orthostatic tachycardia syndrome with chronic pain syndromes is less well discussed,
and a study determining the prevalence of chronic pain in children or adolescents with the
syndrome has yet to be published. The purpose of this study was to determine the incidence of
chronic pain in a sample of adolescents with postural orthostatic tachycardia syndrome, and to
discover associations with pain and perceived level of function.
Methods
Retrospective chart analysis was performed on all patients diagnosed with postural orthostatic
tachycardia syndrome by tilt-table testing from January 2014 through December 2015 at a
pediatric cardiology clinic within a large urban children’s hospital.
Results
Sample size was n=76, with 66% female, and mean age of 15.6 years. 93% of the sample had
chronic pain, with headache being the most prevalent type (67%), and 46% of the sample
reporting more than one type of pain. Mean perceived function was 5/10, with no correlation

between perceived function and presence of pain identified.
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Conclusion

Chronic pain is prevalent in adolescents with postural orthostatic tachycardia syndrome. These
patients also have a low perceived level of function, however, this does not correlate with the
presence of chronic pain in this sample.

Key Words

Postural orthostatic tachycardia syndrome, Chronic pain, Adolescent, Perceived function
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Introduction

Chronic pain is a considerable health concern for pediatric patients. The International
Association for the Study of Pain (IASP) has defined chronic pain as discomfort lasting longer
than 3 months. (1) Research has shown that the incidence of chronic pain in children ranges from
15-38%, with a 3-month prevalence as high as 25-46%, and greater than 5% having severe
debilitating pain. (2-4) These young patients experience a decreased quality of life as evidenced
by higher rates of anxiety and depression, frequent school absences, and withdrawal from
previously enjoyed activities (5). Children with chronic pain syndromes are also more likely to
continue with pain and associated mental health co-morbidities into adulthood leading to high
rates of disability (5).

The link between postural orthostatic tachycardia syndrome, the symptom of chronic
pain, and chronic pain syndromes has been discussed in many recent studies and reviews. (6-8)
Chronic pain syndromes that are often related to a diagnosis of postural orthostatic tachycardia
syndrome are headache and migraine, functional abdominal pain syndromes, and fibromyalgia.
(6-8) Other symptoms of chronic pain that may not specifically be associated with a chronic pain
syndrome have also been detailed in patients with postural orthostatic tachycardia syndrome,
which include widespread body, joint, chest, and bladder pain. (9-11)

Postural orthostatic tachycardia syndrome was first recognized in adolescents in 1999,
and is frequently diagnosed in children within 1-3 years of a growth spurt and/or immediately
following an injury, surgery, or illness. (12-13) The child and adolescent are particularly
vulnerable to changes in the autonomic nervous system resulting from injury or illness,
especially at a time of rapid development due to neural plasticity and inappropriate

reprogramming following these events. (14)
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The evaluation and diagnosis of postural orthostatic tachycardia syndrome is established
using the head up tilt test. This is accomplished by the patient being strapped to a bed while
being monitored for various vital signs, symptoms, electrocardiogram (ECG), and heart rate
variability (HRV). The bed is then tilted at 60-70 degrees with measurements taken at 1-minute
intervals. (12,10) The adult patient with postural orthostatic tachycardia syndrome is diagnosed
when there is a change in heart rate of >30 beats per minute with standing for 10 minutes
following a period of recumbence on the table, or a heart rate that is consistently greater than 120
beats per minute subsequent to this interval. (12) For adolescents, a change of 30 beats per
minute may be “normal” and a diagnosis of postural orthostatic tachycardia syndrome is made
with a heart rate change of >40 beats per minute with orthostasis. (13, 11)

Purpose and Aims

The purpose of this study was to detect the prevalence of chronic pain in a sample of
adolescents and young adults with a diagnosis of postural orthostatic tachycardia syndrome, to
determine the type of chronic pain experienced, and to ascertain associations between chronic
pain and perceived function in the population.

Patients and Methods

Following IRB approval, subject charts were identified from a pediatric cardiology clinic
within a large children’s hospital on the East Coast. Charts were captured based on the patient
having had tilt-table testing within a 2-year period (January 2014-December 2015), and having
received a diagnosis of postural orthostatic tachycardia syndrome due to the results of this test.
All patient charts identified that met these criteria were utilized for the chart review. The clinic
routinely collects the patient’s perceived level of function on a scale of 1-10 (10=best function)

as a variable to assist in gauging disease impact on quality of life over a number of domains of
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functioning. (15) Data pertaining to age, race, presence of chronic pain, type/s of chronic pain
described, and perceived function on a scale of 1-10 were extracted from the charts without
documenting patient identifiable data. Analysis was completed utilizing SPSS Statistics (version
22) with the objective of describing the sample in terms of age, race, gender, the presence of
chronic pain, type of chronic pain, and perceived level of function. Correlational analysis using
Pearson’s coefficient was performed to determine associations between presence of chronic pain,
number of chronic pain types, and perceived level of function.
Results

The sample size comprised of 76 adolescents and young adults diagnosed with postural
orthostatic tachycardia syndrome via tilt table test, with an age range of 11-20, and a mean age of
15.6 years. The majority of the sample was female (n=56, 74%). Race or ethnicity of the sample
was 87% Caucasian (n=66), 8% African American (n=6), 1.3% Asian (n=1) and 4% Other (n=3).
A vast majority of the sample identified as having chronic pain (93%, n=68). The most
prevalent type of pain was headache (67%,n=51), followed by abdominal (55%, n=41),
musculoskeletal (46%,n=35), and chest (24%, n=18). Many of the subjects identified as having
more than one type of chronic pain (46%,n=45). The sample had an overall low perceived level
of function at a mean of 5/10. There was no correlation found between the presence of chronic
pain, or the number of types of chronic pain and perceived level of function (p=0.332 and

p=0.560, respectively) observed in this sample.



91

Table 1: Study Population

Sample Age Race Gender Chronic Pain Pain Type Perceived
Function
N=76 Range: 11-20 years Cauc: 66, 87% Male: 20, 26% Yes: 68,93% HA: n=51,67% Range: 1-9
Mean: 15.6 years AA:6,8% Fem: 56, 74% No: 8,7% Abd: n=41, 55% Mean: 5/10
Asian: 1,1.3% Musk: n=35, 46%
Other: 3, 4% Chest: n=18, 24%
Multiple: n=45, 46%

Cauc=Caucasian, AA=African American, HA=headache, ABD=abdominal, Musk=musculoskeletal

Discussion

Research has shown that patients with a diagnosis of postural orthostatic tachycardia
syndrome are 80% female, with a large majority identifying as Caucasian, and a usual age of
diagnosis between 15-50 years. (13, 9) An analysis of the sample for this study demonstrates
very similar patient demographics. Although there are a few small studies and review articles
that discuss pain as a symptom associated with postural orthostatic tachycardia syndrome, this is
the first study to detail chronic pain in adolescents at the time of diagnosis. The term “somatic
hypervigilance” has been applied in describing patients with postural orthostatic tachycardia
syndrome, which makes reference to the identification and preoccupation with the multiple
symptoms associated with the disease. (10) Ojha and Colleagues (9) discussed chronic pain as a
co-morbidity in children with the syndrome, which included headache, and abdominal pain. Our
study also examined type of chronic pain, as well as the quantity of types experienced by
individuals in the sample. With 93% of the sample of adolescents and young adults with
postural orthostatic tachycardia syndrome acknowledging chronic pain, and 45% of the sample
identifying more than one type of pain site, chronic pain likely represents a symptom that is an
element of the disease. This information is relevant to the cardiologist, neurologist, or
autonomic specialist that treat patients with postural orthostatic tachycardia syndrome in that

they also should also be assessing for the presence of chronic pain. Once identified, the
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specialist should make an appropriate referral to a pain medicine program that is equipped to
treat patients with chronic pain using a multi-disciplinary approach.

It has already been established that headache and migraine are associated with postural
orthostatic tachycardia syndrome. A recent study demonstrated that 53% of adolescent subjects
with headache met criteria for the syndrome through tilt-table testing. (6) It was not surprising
that our sample identified headache as the most prevalent type of chronic pain encountered.
Functional abdominal pain has also been associated with postural orthostatic tachycardia
syndrome. (7, 9) Abdominal pain was the second highest frequency, with 55% of the adolescents
in our sample describing this symptom. There is not a full understanding of why there is such
high frequency of headache and abdominal pain among children with postural orthostatic
tachycardia syndrome; however, it does speak to the broader nature of these pain syndromes as
they may have origins or implications beyond the specialty area that first encounters the patient
for evaluation.

The compilation of symptoms in postural orthostatic tachycardia syndrome often results
in significant functional disability and decreased quality of life similar to chronic pain
syndromes. (16-17) We found that the average quality of life was 5/10, with 10=normal,
indicating a significantly impaired quality of life. Findings from research in both adults and
children with chronic pain show that symptom intensity itself does not have high association
with perceived level of disability, and that psychological variables may have greater impact on
individual performance factors. (18) Lynch-Gordon and colleagues (19) found that pain intensity
did not correlate with function in adolescents with chronic pain, and that conventional treatments
for chronic pain (such as cognitive behavioral therapy) had greater impact on function than

subjective pain score. Based on this knowledge, it was not surprising that the presence of pain,



93

and even the number of pain sites experienced did not correlate with the perceived level of
function by the sample of adolescents and young adults with postural orthostatic tachycardia
syndrome and chronic pain.

Many of the symptoms identified in patients with postural orthostatic tachycardia
syndrome, such as pain, fatigue, dizziness, and brain fog are also discussed as part of disorders of
central sensitization such as fibromyalgia and chronic fatigue syndrome, and may indicate the
presence of one pathological process. High rates of autonomic nervous system dysfunction and
postural orthostatic tachycardia syndrome have been discovered both in patients with
fibromyalgia and chronic fatigue syndrome. (8, 20) Visceral hypersensitivity and irritable bowel
syndrome have also been implicated as disorders of central sensitization. (21-22) These
functional gastrointestinal syndromes have been found to have many associations with postural
orthostatic tachycardia syndrome in children. (7, 23) More research needs to be done in order to
link, and possibly define postural orthostatic tachycardia syndrome as a disorder of central
sensitization. This may lead to greater understanding of the origins of the syndrome, as well as
better therapies with efficacy in treating the underlying pathophysiological process.

This study was limited by the sample having been from one geographic area in the Mid-
Atlantic Region of the East Coast. A larger multi-center study to include both pediatric and adult
subjects with postural orthostatic tachycardia syndrome throughout the United States, or
potentially internationally would give a more generalizable interpretation of the prevalence of
chronic pain in patients with the syndrome.

Conclusion
Chronic pain is prevalent in adolescents and young adults with postural orthostatic

tachycardia syndrome, and may represent a symptom that is related to the disease process.



94

Postural orthostatic tachycardia syndrome may also be a product of a pathological progression
leading to the syndrome, such as the neuroinflammation and neuralplasticity that results in
central sensitization. Cardiologists, neurologists, and other autonomic specialists that diagnose
and treat postural orthostatic tachycardia syndrome should assess patients for chronic pain. Once
identified, individuals with persistent pain should be referred to an appropriate pain medicine
specialist that can offer a multidisciplinary approach to treating chronic pain. Function is
perceived to be low in adolescents diagnosed with postural orthostatic tachycardia syndrome,
however, in our study this did not correlate with the presence of chronic pain, or the number of
pain sites identified. This finding corresponds to other studies on chronic pain and function in
adolescents, which indicates the need for better understanding of the significance that pain itself
has on function and quality of life in chronic pain syndromes and autonomic nervous system
disorders.
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Abstract
Joint hypermobility syndrome is a genetic disorder found in both adults and children that is
known to have high rates of chronic pain and functional disability. Many of these patients have
symptoms connected with postural orthostatic tachycardia syndrome and central sensitization
disorders, often leading to a referral for further evaluation. The purpose of this study was to
examine the relationship between variables that have a previously established association with
functional disability in adolescents with joint hypermobility syndrome, central sensitization, and
postural orthostatic tachycardia syndrome. A diagnosis of postural orthostatic tachycardia
syndrome and, subjective rating of pain was not significantly associated with joint
hypermobility, anxiety, central sensitization, functional disability, or pain. Joint hypermobility
had a moderately significant correlation with central sensitization, both subjectively and
objectively as evidenced by hyperalgesia of Ad sensory nerve fibers and anxiety. Subjective
central sensitization was found to have a significant positive correlation with both anxiety and
functional disability. The findings of this study implicate joint hypermobility as a possible
antecedent to anxiety and central sensitization syndromes that when recognized and treated

effectively may reduce functional disability in those effected.
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Perspective

This article presents findings that revealed correlates of functional disability and central
sensitization in adolescents with joint hypermobility syndrome. This information is useful to the
pediatric pain specialist and researcher in targeting factors that contribute to decreased function
in children and adolescents with joint hypermobility and chronic pain.

Key Words

Joint hypermobility, central sensitization, anxiety, chronic pain, postural orthostatic tachycardia

syndrome
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Introduction

Joint hypermobility syndrome (JHS) is a term used to describe individuals with
hypermobile joints leading to poly-arthralgia, myalgia, and neuropathies (Tobias et al, 2013;
Tinkle, 2014; Armon, 2015). These symptoms may result in decreased function related to pain,
poor strength, and impaired mobility (Tinkle et al, 2009; Armon; 2015). JHS is thought to be
caused by a genetic connective tissue disorder related to collagen production, and has been
deemed non-distinct from Ehlers-Danlos Syndrome (EDS) hypermobile type, also known as
EDS type 3 (Tinkle et al, 2009).

Chronic pain is a major problem for individuals with JHS. In a study on juvenile
fibromyalgia, subjects with JHS had higher pain scores and lower pain thresholds compared to
participants without joint hypermobility (Ting et al, 2013). Clark and colleagues (2014) found
that subjects with JHS reported 86% prevalence of chronic wide spread pain and 71% reported
recurrent gastrointestinal pain.

Many of the chronic pain syndromes that are associated with JHS are also known as
disorders of central sensitization (CS). CS is a phenomenon that results from neuroplasticity
within the central nervous system that leads to the propagation of pain memory and widespread
hyperalgesia (Bettini & Moore, 2016). CS has been implicated in the development of multiple
symptoms related to JHS. These symptoms are thought to be linked to both pain memory and
central nervous system fatigue (Castori et al, 2012). It has long been recognized that individuals
with JHS have high rates of fibromyalgia, a syndrome of CS associated with widespread chronic
pain and other debilitating symptoms (Rombaut et al, 2013; Buskila & Ablin, 2012). Rombaut
and Colleagues (2013) found that subjects with joint hypermobility had lower pain pressure

thresholds in comparison to the non-hypermobile control group. The investigators also found
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that subjects with JHS scored higher on pain catastrophizing, which likely plays a role in the
development of long-term disability and perpetuation of chronic pain (Rombout et al, 2014).
Ting and Colleagues (2012) found that nearly 50% of patients presenting with a diagnosis of
juvenile fibromyalgia had signs of JHS. However, chronic widespread pain suggestive of
fibromyalgia was found in 86% of adult patients with JHS (Clark et al, 2014). Although the
exact nature of this association is not clear, it has been suggested that multiple injuries related to
joint micro trauma in hypermobile individuals may play a role in the development of CS
presenting as fibromyalgia (Buskila & Ablin, 2012).

Anxiety has long been linked with chronic pain in adult and pediatric populations. In a
large descriptive study of children admitted for chronic pain rehabilitation (n=3752), 41% of
subjects were found to have comorbid anxiety (Coffelt et al, 2013). Anxiety disorders are also
associated with JHS (Pasquini et al, 2012; Sinibaldi et al, 2015). Pasquini and Colleagues (2012)
found that subjects with JHS were 3 times more likely to have anxiety based on the Hamilton
Anxiety Rating Scale than control subjects without evidence of hypermobility based on Beighton
scoring. Martin and Colleagues (2007) found that children with higher levels of anxiety had
greater pain related fear and activity avoidance, which positively correlated with higher levels of
disability. The Beighton scale is utilized to assess joint hypermobility in an individual. The
scale was developed by Beighton and colleagues (1973) for the purpose of having a standard
diagnostic test for JHS and HEDS (Beighton et al, 1998).

Chronic pain in adolescents is associated with high rates of functional disability that is
exhibited by decreased performance in the domains of physical, social, and academic function
(Zernikow et al, 2012). Pasquini and Colleagues (2014) reported that functioning was

diminished bas in subjects with JHS in comparison with non-hypermobile controls (p=0.002).
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However, despite the investigators demonstrating an association between joint hypermobility and
decreased function in subjects with JHS, the mean age of the participants was 31 years, and no
research to date has reviewed functional disability in children and adolescents with JHS.

Postural orthostatic tachycardia syndrome (POTYS) is also associated with JHS in the
literature (Mathias et al, 2012; Benarroch et al, 2012, Wallman et al, 2014). Wallman and
Colleagues (2014) retrospectively reviewed 109 charts of patients with a diagnosis of POTS and
found that 39 of those patients also had a diagnosis of JHS or EDS. This finding represented
18% of the sample, which is much larger than the expected 0.02% prevalence of EDS in the
general population (Wallman et al, 2014). POTS is also associated with a high symptom burden
which includes dizziness, near syncope, brain fog, nausea, chronic fatigue, sleep disorder, wide
spread body pain, headache, urinary retention, abdominal pain, constipation, and or diarrhea
(Ohja et al, 2011; Bennaroch, 2012; Jarjour, 2013). Although there has been much speculation
about why POTS occurs in individuals with JHS, there has not been any clear explanation on the
pathophysiological associations to date or what impact this relationship has on function in
adolescents with both disorders. The purpose of this study was to find relationships among
variables that are associated with POTS and JHS in a sample of adolescents being evaluated with
tilt-table or bedside tilt testing in order to find factors that correlate most significantly with
functional disability.

Methods

Prior to data collection, institutional review board approval was attained within
Children’s National Health System to ensure ethical standards were met. All subjects were
consented using informed consent for parents or guardians as well as informed assent for

subjects younger than 18 years of age. A convenience of 40 adolescents who were being
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evaluated for POTS were recruited within a large urban pediatric academic facility from both the
cardiology and pain medicine clinics. Every eligible participant was approached for
participation in the study as they came for their scheduled appointments in these clinics during
the recruitment period. A chart review was completed in order to gather data on race, age, recent
tilt table or bedside tilt results, and whether the patient had already been diagnosed with POTS or
JHS. Next, the subjects were asked to fill out 4 questionnaires: The Patient Reported Outcomes
Information System pediatric scale for anxiety (PROMIS-A), the Central Sensitization Inventory
(CSI), the Brief Pain Inventory (BPI), and the Functional Disability Inventory. The subjects
were then evaluated for Beighton Score (if not already indicated in the chart), and with
quantitative sensory testing using neurometry to detect perception and tolerance on pain sensory
nerve fibers.
Measures

Tilt -Table Testing

The evaluation and diagnosis of POTS was established using the head up tilt test or the
bedside tilt test. Tilt-table testing was accomplished by the patient being strapped to a bed while
being monitored for various vital signs, symptoms, electrocardiogram (ECG), and heart rate
variability (HRV). The bed was then tilted at 60-70 degrees with measurements taken at
intervals of 5 minutes (Grubb, 2008; Bennaroch, 2012). A diagnosis of POTS was made within
the cardiology clinic using a combination of factors. A heart rate increase at 10 minutes under
orthostatic stress of > 40 beats per minute is considered diagnostic in children under age 16
years, while a heart change of >30 beats per minute establishes the diagnosis of POTS in adults

and adolescents 17 years of age and older (Jarjour, 2013). The increase of heart rate would have
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been present with subjective reports of dizziness, nausea, headache, abdominal and/or body pain
to confirm the diagnosis of POTS (Johnson et al, 2010).
Beighton Scale

The Beighton scale was utilized to assess joint hypermobility in subjects. The scale was
developed by Beighton and colleagues (1973) for the purpose of having a standard diagnostic
test for JHS and HEDS (Beighton et al, 1998). The scale evaluates several joints and rates them
on a scale of 1 or 0, for a total score of 9 if all areas are positive for hypermobility. The areas
assessed are: passive dorsiflexion of the pinky of each hand beyond 90 degrees, passive flexion
of the thumb flush with the wrist on each hand, flexion of the elbows and knees beyond 10
degrees bilaterally, and ability to lay palms flat to the floor when standing without knees flexed
(Beighton et al, 1973; Beighton et al, 1998).
Quantitative Sensory Testing

Quantitative sensory testing (QST) was performed using a current perception threshold
(CPT) neurometer device (Neurometer CPT, Baltimore, MD), which is an established tool to
evaluate pain threshold, and can be utilized in diagnosing neuropathic and pathological pain
syndromes (Geber et al, 2013). CPT assesses nerve function at A Delta, A Beta, and C nerve
fibers. Different frequencies are used to elicit stimulation on each nerve fiber type. Large
myelinated A Beta (Af), small myelinated A Delta (Ad), and un-myelinated C fibers are
stimulated using 2000, 250, and 5 Hz, respectively. A CPT for threshold on each fiber that is
below established normal values is deemed hyperalgesia (Geber et al, 2013; Koo et al, 2014).
CPT is performed by placing an electrode to a distal area of the body such as a finger or toe. The
current study utilized the distal end of the index finger of the non-dominant hand. The test was

executed by eliciting a stimulus at 2000, 250, and 5 Hz. The individual being tested had control
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over the impulse. The subject was asked to press a button to stop the next impulse when they no
longer can tolerate a stronger stimulus (threshold) (Geber et al, 2013; Koo et al, 2014).
Central Sensitization Inventory

The central sensitization inventory (CSI) is a measure that is used to identify symptoms
related to CS and ascertain the degree of symptoms represented in a 100- point scale. The CSI is
the first instrument developed to identify key symptom manifestations of CS, rather than focus
on those found in each separate disorder (Mayer et al, 2011). A score equal to or greater than
40/100 is consistent with a larger degree of CS symptomatology. (Neblett et al, 2013).
Brief Pain Inventory

The Brief Pain Inventory (BPI) is a written subjective assessment that allows the
individual to rate various aspects of pain and function. The respondent rates their worst, least,
average, and current pain level, along with 7 domains of functioning on a scale from 0-10. These
areas include walking, mood, work, sleep, quality of life, peer relations, and general activity
level (Cleeland, 1989). The BPI has been utilized globally for individuals greater than 10 years
of age (Cleeland & Ryan, 1994).
PROMIS Anxiety Measure

The Patient-Reported-Outcomes-Measurement Information System (PROMIS) measures
are various surveys created out of a NIH initiative to collect data on health related outcomes
reported by patients and caregivers (Fries et al, 2005). The anxiety PROMIS (PROMIS-A)
measure has a version validated in children aged 8 tol17 years. The PROMIS-A is an 8-question
survey that asks questions about various aspects of anxiety and impact on function and quality of
life. Questions are posed in regard to fear, worry, and nervousness concerning tasks such as

attending school or going to bed (Irwin et al, 2010).
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Functional Disability Inventory

Walker and Greene (1991) developed the Functional Disability Inventory (FDI) to
evaluate function in children and adolescents with various chronic health conditions. The FDI is
a 15-item survey that asks the respondent to rate function in various activities over the past two
weeks; possible scores range from 0 to 60, with higher scores equating to greater functional
disability. Domains evaluated are home, school, recreational, and social assessed on a Likert
scale of 1 to 4 (Walker & Greene, 1991; Claar & Walker, 2006).
Data Analysis

Data were analyzed using SAS 9.3 (SAS Institute Inc, Cary, North Carolina) with two-
tail significance level o of 0.05. The mean, standard deviation, median, and range were
calculated for continuous outcomes. Count and percentage were analyzed for categorical
outcomes. Chi square test and Wilcoxon rank sum test were used to compare the differences of
outcome variables such as CS based on CSI score of 40 and greater in comparison with those
that had a score of less then 40, JHS based on Beighton score of 6 or greater in comparison with
those that did not have hypermobility, and those with a diagnosis of POTS in comparison with
individuals without this diagnosis. These two non-parametric tests were employed after the
sample was broken down into smaller groups of categorical data, and therefore found to no
longer be normally distributed. After normal distribution of the full data set for each variable
was determined, Pearson correlation was calculated between interval variables such as anxiety,

Beighton score, CSI, FDI, age, BPI (pain and function), and threshold on 2000, 250 and 5 Hz.
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Results

Descriptive statistics include prevalence are described in table 1. The sample was 77.5%
female, 80% Caucasian, 15% Hispanic, and 5% African American. 72.5% of the participants
had a POTS diagnosis, 50% were found to have JHS, and 84.6% demonstrated subjective CS
based on CSI. Hyperalgesia based on CPT (threshold) was found in 35.9%, 42.1%, and 52.5%
(on 2000, 250, and 5 Hz, respectively) (table 2). As seen in tables 3 and 4, Wilcoxon rank sum
and Chi-Square tests determined that there were no correlations found between the presence of
POTS and any other outcome variable when compared to those without the diagnosis. Tables 5
and 6 demonstrate that in comparison with those without JHS, Wilcoxon rank sum and Chi-
Square tests revealed that the presence of JHS had greater association with anxiety (p=0.016),
CSI (CS subjective) (p=0.033), and hyperalgesia on Ad (250hz) (p=0.009). JHS did not have
greater correlation with hyperalgesia on AP or C sensory nerve fibers in comparison with those
without JHS. As seen in table 7, Pearson correlational analysis yielded that Beighton scores
positively correlated with CSI (r=0.402), p=0.021). CSI had strong positive correlation with
anxiety (r==0.621, p=0.0001), FDI (r=0.554, p=0.001), and BPI2 (function) (r=0.530, p=0.002).
Pain level had no significant correlation with any other variable.

Discussion

Chronic pain disorders have become a significant health concern in pediatric populations.
Chronic pain in adolescents is associated with high rates of functional disability (FD) that is
exhibited by decreased performance in the domains of physical, social, and academic function.
Specifically, children with chronic pain are at risk for developmental or cognitive delays due to
lower school attendance rates and decreased opportunities for learning, both in the classroom and

from peers (Zernikow et al, 2012). Poor school attendance and social isolation may contribute to
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cognitive stagnation, which places children with chronic pain further in jeopardy of developing
long-term disability extending into adulthood.

The impetus in studying variables associated with functional disability in pediatric
chronic pain syndromes is to one day develop treatments that will deter decreased function in
those at risk. JHS is a disorder known to be associated with several factors that are linked to
functional disability. This study found that although POTS is found at high prevalence in
individuals with JHS, the variable alone did not correlate well with functional disability, nor did
it relate with other factors associated with decreased function such as anxiety. Also of
significance is that subjectively reported pain level did not correlate with any other variable
studied, including anxiety, function, POTS, and JHS, despite a known high incidence of chronic
pain in those diagnosed with these syndromes. This is important information for pediatric pain
specialists because it implies that reducing pain alone will likely not increase function in children
with chronic pain disorders.

Central sensitization was found to correlate with many factors studied, including JHS
diagnosis, Beighton score, anxiety, and function. Of significance is the association with JHS and
the development of sensitization, which was evident both subjectively and objectively with
hyperalgesia on Ad sensory nerve fibers. The process of CS often stems from consistent
peripheral nociceptive stimulation (Baron et al, 2013). This is important to note when
considering the finding of hyperalgesia on the Ad nerve fiber in adolescents with JHS since this
fiber is responsible for afferent transmission of mechanical pain stimulation (Duan et al, 2014).
It has been previously postulated that the mechanical stress on myofascial and joint tissues in
JHS may lead to micro trauma and persistent inflammation that can result in a disorder of CS

such as fibromyalgia (Buskila & Ablin, 2012). This process may also result in small nerve fiber
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neuropathy as recently discovered by Cazzato and Colleagues (2016) in a cohort of adults with
EDS. This recent finding corresponds with hyperalgesia on Ad, which is a small sensory nerve
fiber.

Our study found lack of evidence of hyperalgesia on the AP sensory nerve fiber, which is
known for afferent transmission of touch input and inhibition of nociceptive stimuli in the dorsal
root ganglion (Price & Prescott, 2015). In later stages of CS, AP is recruited to nociceptive
afferent transmission in conjunction with Ad (Baron et al, 2013). The lack of hyperalgesia on
AP in the sample may indicate that progression to disinhibition of AP that is depicted in the
model of CS may evolve in individuals with JHS over time. This knowledge suggests that a
diagnosis of JHS in children with early treatment that consists of bracing and biomechanical
education through physical therapy may deter advancement to hyperalgesia and eventually CS.

Anxiety had the strongest correlation with JHS, function, and CS. This was not
surprising given current research demonstrating the occurrence of anxiety in chronic pain
syndromes. The presence of mood disorders in chronic pain syndromes often stigmatizes the
chronic pain sufferer causing many clinicians to claim that the presence of anxiety or depression
is the sole source of pain. Since there was no established relationship between anxiety and pain
level in this study, it can be postulated that adequate treatment of anxiety is not likely to decrease
subjective pain assessment scores of adolescent chronic pain sufferers. However, given the high
association of anxiety with both function and CS, effective anxiety treatment may impact a
decrease in functional disability and presence of CS symptomatology in children and adolescents
with JHS.

This study was limited by a small sample size restricted to a single geographic region in

the mid Atlantic region of the United States. More research needs to be done on the relationship



between variables associated with the development of CS and functional disability in children
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and adolescents with joint hypermobility. Future research should use a larger sample size and

vary the sample among several centers throughout the United States or worldwide. This will
give more generalizable data that could truly discuss the relationship between variables

associated with decreased function in children and adolescents with JHS, POTS, and CS

syndromes.

Table 1. Descriptive Statistics

Variable Level N =40 %
POTS 0 11 27.5
1 29 72.5
C-sub 0= CS<40 6 15.4
1= CS>=40 33 84.6
JHS 0= beighton < 6 20 50.0
1= beighton >=6 20 50.0
Race/Eth AA 2 5.0
C 32 80.0
H 6 15.0
Gender F 31 77.5
M 9 22.5
Beighton Mean 4.95 -
Median 5.50 -
Minimum 0 -
Maximum 9 -
Std Dev 2.89 -
Age Mean 15.75 -
Median 16 -
Minimum 12 -
Maximum 19 -
Std Dev 2.13 -

CS (sub) subjective=the presence of CSI score = or >40, AA=African American, C=Caucasian, H=Hispanic



Table 2. Percentage of Hyperalgesia on Each Nerve Fiber

Variable Level N =40 %

HAtS 0=t5>10 25 64.1
C fiber 1=t5<=10 14 35.9
HAt250 0=1t250>7 22 57.9
A fiber 1=1250<=7 16 42.1
HA2000 0=12000>12 19 47.5
AP fiber 1= 2000<=12 21 525
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HAt2000, HAt250, HAt5=hyperalgesia based on Neurometer CPT user manual listed normative ranges based on

healthy volunteer data

Table 3. Comparisons of Age, Anxiety, Beighton, CSI, BPI1, and BPI2 Variables by POTS .*

Total No POTS POTS p-value
Median (min-max) Median (min-max) Median (min-max)
Age (years) 16(12-19) 16(12-19) 16(12-19) 0.689
Anxiety 22(0-42) 20(2-40) 24(2-22) 0.808
HR Diff 32(4-80) 25(4-53) 40(5-80) 0.021
Beighton 6(0-9) 4(0-9) 6(0-9) 0.077
FDI 26(8-52) 25(10-39) 27(8-52) 0.868
CSl 53(29-79) 48(40-62) 55(29-79) 0.267
BPI1 5(1-10) 5(3-8) 5(1-10) 0.100
BPI2 5(0-9) 5(3-8) 5(1-10) 0.037
T2000 12(5-20) 12(5-20) 12(5-20) 0.975
T250 9(2-20) 9(2-14) 8(5-20) 0.920
T5 14(5-26) 14(9-18) 14(5-26) 0.783
P2000 9(2-22) 9(6-13) 9(2-20) 0.854
P250 10(1-25) 10(2-16) 10(1-25) 0.767
P5 11(1-25) 11(1-17) 11(1-25) 0.850

* p-value for Wilcoxon Rank Sum Test for each descriptive variables by POTS category.




Table 4. Distribution of POTS
for Different Variables

Total POTS No POTS p value*
N (%) N (%) N (%)
29(72.5) 11(27.5)
Gender
Male 9(22.5) 6(21) 3(27) 0.656
Female 31(77.5) 23(79) 8(73)
Race
Cauc 32(80) 24(83) 8(73) 0.304
AA 2(5) 2(7) 0
Hisp 6(15) 3(10) 3(27)
JHS
Beighton <6 No 20(50) 12(41) 8(73) 0.076
Beighton >6 Yes 20(50) 17(59) 3(27)
CS Subjective
CSI<40 No 6(15.4) 6(21) 0 0.095
CSI>40 Yes 33(84.6) 22(79) 11(33)
HAt2000
t2000<12 No 19(47.5) 14(48) 5(46) 0.873
t2000>12 Yes 21(52.5) 15(52) 6(54)
HAt250
t250<7 No 22(57.9) 16(57) 6(60) 0.875
t250>7 Yes 16(42.1) 12(43) 4(40)
HAtS
t5<10 No 25(64.1) 18(62) 8(73) 0.076
t5>10 Yes 14(35.9) 11(38) 3(27)

*p-value for Chi-square
test
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Table 5. Comparisons of Age, Anxiety, CSI, BPI1, and BPI2 Variables by JHS.*

Total No JHS JHS p-value
Median (min-max) Median (min-max) Median (min-max)
Age (years) 16(12-19) 14(5-20) 11(5-20) 0.592
Anxiety 22(0-42) 17(0-38) 28(0-42) 0.015
HR Diff 32(4-80) 35(4-73) 32(5-80) 0.966
FDI 26(8-52) 25(8-50) 27(10-52) 0.745
Csl 53(29-79) 48(29-66) 55(33-79) 0.032
BPI1 5(1-10) 5(1-8) 5(1-10) 0.490
BPI2 5(0-9) 6(1-9) 4(0-9) 0.640
T2000 12(5-20) 14(5-20) 11(5-20) 0.354
T250 9(2-20) 9(5-20) 7(2-18) 0.043
T5 14(5-26) 15(8-26) 11(5-26) 0.110
P2000 9(2-22) 10(8-25) 10(1-18) 0.978
P250 10(1-25) 10(8-25) 10(1-18) 0.501
P5 11(1-25) 11(6-25) 11(1-20) 0.766
* p-value for Wilcoxon Rank Sum Test for each descriptive variables by JHS category.
Table 6. Distribution of
JHS for Different Variables
Total JHS No JHS p value*
N (%) N (%) N (%)
Gender 20(50) 20(50)
Male 9(22.5) 17(85) 14(70) 0.256
Female | 31(77.5) 3(15) 6(30)
Race
Cauc 32(80) 15(10) 17(85) 0.460
AA 2(5) 2(10) 0
Hisp 6(15) 3(15) 3(15)
POTS
No | 11(27.5) 3(15) 8(40) 0.076
Yes | 29(72.5) 17(85) 12(60)
CS Subjective
CSI<40 No 6(15.4) 6(21) 0(0) 0.095
CS>40 Yes | 33(84.6) 22(79) 11(33)
HAt2000
t2000<12 No | 19(47.5) 8(40) 11(55) 0.342
t2000>12 Yes | 21(52.5) 12(60) 9(45)
HAt250
t250<7 No | 22(57.9) 7(37) 15(79) 0.008
t250>7 Yes | 16(42.1) 12(63) 4(21)
HAt5
t5<10 No | 25(64.1) 11(55) 14(74) 0.224
t5>10 Yes | 14(35.9) 9(45) 5(26)

*p-value for Chi-square

test




Anxiety Beighton CS FDI BPI1 BPI2 T5 T250 T2000

Anxiety 1.0000 0.2454  0.6208 03806  0.0118  0.3999 -0.1326 -0.3009 -0.3785

0.1686  0.0001  0.0289 09482 0.0211 0.4621 0.0888  0.0299

Beighton  0.2454 1.0000  0.4017  0.1310  0.0909 -0.0982 -0.1366 -0.1401 -0.1440

0.1686 0.0205  0.4673 0.6149  0.5869 0.4486  0.4368  0.4239

CSl 0.6208 0.4017  1.0000 0.5536  0.2469  0.5301 -0.0589 -0.1383 -0.2178

0.0001 0.0205 0.0008 0.1659  0.0015 0.7448  0.4426  0.2233

FDI 0.3806 0.1310  0.5536  1.0000 0.2738  0.6658  0.1035 -0.0366 -0.1933

0.0289 0.4673  0.0008 0.1231 <.0001 0.5666  0.8397  0.2812

BPI1 0.0118 0.0909  0.2469 0.2738  1.0000 0.5798 -0.1637  0.0056 -0.0994

0.9482 0.6149 0.1659  0.1231 0.0004  0.3628 0.9754  0.5819

BPI12 0.3999 -0.0982  0.5301  0.6658  0.5798  1.0000 -0.1300 -0.1750 -0.2977

0.0211 0.5869  0.0015 <.0001 0.0004 0.4710  0.3300  0.0925

TS5 -0.1326 -0.1366  -0.0589  0.1035 -0.1637 -0.1300  1.0000 0.8142  0.5264

0.4621 0.4486  0.7448  0.5666  0.3628  0.4710 <.0001 0.0017

T250 -0.3009 -0.1401 -0.1383 -0.0366  0.0056 -0.1750  0.8142 1.0000  0.7068
0.0888 0.4368 0.4426 0.8397 09754  0.3300 <.0001 <.0001

T2000  -0.3785 -0.1440 -0.2178 -0.1933 -0.0994 -0.2977  0.5264 0.7068  1.0000

0.0299 0.4239 0.2233  0.2812  0.5819  0.0925  0.0017 <.0001

Table 7. Pearson Correlation

172000, T250, T5S=CPT threshold on each sensory nerve fiber (4 delta, A beta, and C,

respectively)

BPII=pain section of Brief Pain Inventory

BPI2=function section of Brief Pain Inventory

CSI=Central Sensitization Inventory

FDI=Functional Disability Inventory
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Department of Pain Medicine
111 Michigan Avenue, NW
Washington, DC 20010
(202) 476-5000

CONSENT TO PARTICIPATE
IN A CLINICAL RESEARCH STUDY AND AUTHORIZATION TO USE PROTECTED
HEALTH INFORMATION

TITLE OF STUDY: Central sensitization and associated factors in adolescents with joint
hypermobility and dysautonomia.

PRINCIPAL INVESTIGATOR: Elizabeth Bettini, MSN, APRN, PCNS-BC
"You" refers to "You" or "Your Child" throughout this document

INTRODUCTION:

We would like to invite you to be part of a research study at Children’s National Medical Center.
Before you decide if you would like to participate, we want you to know why we are doing the
study. We also want you to know about any risks (anything unexpected that might happen) and
what you will be expected to do in the study.

This form gives you information about the study. We encourage you to discuss this study with
your family and anyone else you trust before making your decision. We will ask you to sign this
form to show that you understand the study. If your child is twelve years old or older, we may
talk to your child about the study and ask your child to sign a form like this one but shorter. We
will give you a copy of this form to keep. It is important that you know:

Your child does not have to join the study, and if we make any important change to the study we
will tell you about it and make sure you still want to participate.

PURPOSE OF STUDY.

We are doing this study to see if there are any links between pain syndromes (central
sensitization) and adolescents who have joint hypermobility (overly flexible joints such as in
Ehlers Danlos Syndrome) and POTS (postural orthostatic tachycardia syndrome). If we find
links between pain syndromes and the development of POTS we might be able to develop better
ways to treat them.
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Your child can be in this study because they:

Have been evaluated for dysautonomia by tilt table test in the past 12 months
Is between 12 and19 years of age.

Have signed an informed consent and assent document (If under 18).

Able to comply with the research protocol

B. PROCEDURE

If you agree to be in this study, your child will fill out surveys that ask about chronic pain,
function, and anxiety. Following filling out the surveys, your child will be evaluated for joint
hypermobility. This process uses a scoring system that evaluates certain joints such as the
fingers, wrists, elbows, back and knees. The last assessment will assess central sensitization
(increased sensitivity to touch) using a neurometer. This is a device that is able to detect pain
sensation among various nerve fibers, which means that the devise can detect when your child
has greater sensitivity than average to certain sensations. Your child is in control of the impulse
throughout this exam and can stop the next impulse when the subsequent stimulus is no longer
desired. The total time spend on this assessment including filling out surveys is estimated at 1
hour. Your child’s medical record will be reviewed for the tilt-table test results only.

C. POTENTIAL RISKS/DISCOMFORT

There will be minimal potential risks or discomfort involved in participating in this study. Time
taken to be part of this study is estimated at 1 hour. There is the potential of minor discomfort
with use of the neurometer. This sensation, which feels like a vibration, is controlled entirely by
the participant.

D. VOLUNTARY PARTICIPATION
Your participation in this study is voluntary. There will be no penalty or loss of benefits to
which you are otherwise entitled if you decide to withdraw from the study.

E. POTENTIAL BENEFITS

You may not benefit from being in this study. The information learned from this study will be
used to better understand the connection between joint hypermobility and POTS, as well as the
connection between central sensitization and autonomic nervous system dysfunction. It may
lead to further research on this topic, and/or better treatment options for POTS and EDS Type 3,
but there is no guarantee that these treatments will benefit your child.

A $20 Target gift card will be provided to your child as a thank you for being part of the study.

F. ALTERNATIVES TO PARTICIPATION

There are no alternatives to participation in the study. You do not have to agree to participate in
this research study. If you do not want to participate in the research study, you will continue to
receive the best standard of clinical care offered here at Children’s National Medical Center.

G. QUESTIONSBWHO TO CALL

We want you to ask questions about any part of this study or consent form either now or at any
time in the future. If you have any questions about this study, or you believe that you have been
injured as a result of this study, call the Principal Investigator Elizabeth Bettini, at 202-476-3273.
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If you have any questions or concerns about your rights in this research study at any time, please
call the Office for the Protection of Human Subjects at 301-565-8452, the Chief Academic
Officer, or the Chair of the Institutional Review Board of the Children’s National Medical
Center. The last two parties may be reached at (202) 476-5000.

H. CONFIDENTIALITY

We will keep the records of this study confidential. Only the people working on the study will
know your name. They will keep this information in case we have to find you later to let you
know of any new information that may affect your health. The federal government can review
the study records and medical records to make sure we are following the law and protecting the
children in the study. Your medical record is confidential, but just like any medical record; there
are some exceptions under state and federal law.

Each subject will be assigned a study number and only the subject’s initials will be recorded on
the study worksheets. Information will be recorded in such a manner so that subjects will not be
identified directly or through identifiers linked to the subject. The study necessitates that a
master subject enrollment log containing the subjects name and medical record be kept in the
study files, but limited access to this log will consist of site study personnel and federal
government.

The protected health information (PHI) will be kept in a locked cabinet at the conclusion of the
study.

HEALTH INSURANCE PORTABILITY AND ACCOUNTABILITY (HIPAA)

In 1996 the government passed a law known as The Health Insurance Portability and
Accountability Act (HIPAA). This privacy law protects your individually identifiable health
information (Protected Health Information or PHI). The privacy law requires you to sign an
agreement so researchers can use or share your PHI for research purposes. This describes to you
how information about you may be used or shared if you are in a research study. It is important
that you read this carefully and ask a member of the research team to explain anything you do
not understand.

I authorize Elizabeth Bettini, APRN and her research staff to create, access, use, and disclose my
PHI for the purposes described below.

Protected Health Information that may be used and shared includes:

[ ] Information that identifies you such as name, address, telephone number, date of
birth, Social Security number, and other details about you

X Information that relates to your health or medical condition from your medical records

[] Information obtained from the study procedures outlined in this consent form, for
example: things done to see if you can join the study such as physical exams, blood
and urine tests, x-rays and other tests, and any other medical information we learn
from you about your health history and family history

[] Laboratory results obtained on specimens collected from you (blood, urine, tissue)



[ ] Questionnaires or surveys you complete

[ ] Interviews conducted with you by members of the research team
[ ] Audio/ video recordings

[] Other *[please specify]:

The Researchers may use and share my Protected Health Information with:

# The Principal Investigator, other Investigators, Study Coordinators, and all
administrative staff in charge of doing work for the study;

¢ Government agencies that have the right to see or review your PHI, including but not
limited to the Office of Human Research Protections and the Food and Drug
Administration;

4 Children's National Medical Center Institutional Review Board;

4 Audit Committee of the Children's National Medical Center Institutional Review
Board;

4 Quality Improvement Program Coordinator and other staff in the Office for the
Protection of Human Subjects at Children's National Medical Center.

In addition to the above people and organizations, the Researchers may also use and share my

Protected Health Information with:

[ ] Doctors and staff at other places that are participating in the study. The name(s)
of the other place(s) that are participating in this study are: Dr. Jeffrey Moak, MD
[ ] Laboratories and other people or organizations that look at your health information in

connection with this study. The name(s) of the laboratory(ies) being used in this study

is (are) N/A

[ ] The Sponsor of the study and people that the Sponsor may contract with for the study.

The name of the Sponsor is N/A

[ ] The Contract Research Organization (an organization that helps the Sponsor run the
study). The name of the Contract Research Organization is N/A

[ ] The Data Safety Monitoring Board (a group of people who examine the medical
information during the study)

[] The Medical Monitor for the Study (a person who reviews medical information during

the study)
[ ] The Patient Advocate or Research Ombudsman (person who watches out for your
best interest)

[ ] Any other outside entity who will receive health information
Please list: N/A
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Also, your primary physician will be contacted if during the course of the study the researcher

learns of a medical condition that needs immediate attention.

Should your health information be disclosed to anyone outside of the study, your information

may no longer be protected by HIPAA and this Authorization. However, the use of your health

information will still be regulated by applicable federal and state laws.
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Storage of PHI in a Database:

We would like to store personal health information collected from you in this study in a
database for future research. The database is maintained by The Division of Pain Medicine at
Children’s National Medical Center.

Please indicate your approval of any or all of the following by initialing next to the statement:

My personal health information may be stored in the above named database for future analysis
related to this study. [ ]Yes [ ] No initials

My personal health information may be stored in the above named database for future analysis.
[1Yes [INo initials

My personal health information may be stored in the above named database.
Researchers may contact me to request my authorization for future studies that are not related to
this study. [ ] Yes [ ]No initials

My personal health information may be stored without any of my identifying information for use
in other studies of other diseases. [ ] Yes [ ]No initials

If you agree to participate in this research study, the research team, the research sponsor (when
applicable) and the sponsor's representatives, may use Personally Unidentified Study Data. The
Personally Unidentified Study Data does not include your name, address, telephone, or social
security number. Instead, the researcher assigns a code to the Personally Unidentified Study
Data. Personally Unidentified Study Data may include your date of birth, initials, and dates you
received medical care. Personally Unidentified Study Data may also include the health
information used, created, or collected in the research study. The research team or the research
sponsor may share the Personally Unidentified Study Data with others to perform additional
research, place it into research databases, share it with researchers in the U.S. or other countries,
or use it to improve the design of future studies. They may also publish it in scientific journals,
or share it with business partners of the sponsor and to file applications with U.S. or foreign
government agencies to get approval for new drugs or health care products.

You do not have to sign this Consent/Authorization. If you decide not to sign the Authorization,
you will not be allowed to participate in the research study.
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After signing the Consent/thorization, you can change your mind. If you change your mind
about participation in this study, please contact Elizabeth Bettini at 202-476-3273 or send a letter
to Elizabeth Bettini, APRN at 111 Michigan Avenue, NW; Washington, DC, 20010.

If you change your mind and withdraw the Authorization, you will not be allowed to
participate in the study, and the data collected from your child’s participation will be deleted and
destroyed.

You will be allowed to review the information collected for this research study.
This Authorization does not have an expiration date.

If you have not already received a Notice of Privacy Practices from Children's National Medical
Center, you may request a copy and will be given one. If you have any questions or concerns
about your privacy rights, you may contact the Children's National Medical Center Privacy
Officer at 301-572-6348.

I. Payment for Medical Care for Researchrelated Injury:

Children's National Medical Center cannot promise that the risks we have told you about or other
unknown problems will not happen. If you think that something unexpected happened because
you were in the study, please call the Principal Investigator at (202) 476-3273 or the Chief
Academic Officer of the Children’s National Medical Center at (202) 476-5000. If something
unexpected happened resulting directly from your participation in this research study, we will
give your child any urgent medical emergency treatment needed if the injury is reported in a
timely manner. The Hospital will seek payment from your health insurance company or other
third-party payor for any medical care or services you receive. The Hospital has no program to
provide you with any additional payments as a result of any injuries.

Research Subject Advocate:

The National Institutes of Health supports a Research Subject Advocate or RSA for the research
study that you are being asked to join. The RSA, Dr. Tomas Silber, is here to answer your
questions or concerns about taking part in this research. Dr. Silber does not work for the doctors
who are doing this research and they do not pay him. He is here only to help and protect you
during any research.

You may contact Dr. Silber at any time. This can be done before you decide to take part in the
research, during the study, or even after you finish the study. You can call Dr. Silber at 202-476-
3066 or reach him by e-mail at tsilber@cnmc.org.
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CONSENT/AUTHORIZATION:

I am the participant or I am authorized to act on behalf of the participant. I have read this
information and will receive a copy of this form after it is signed.

By signing this form, you agree that we have talked to you about the risks and benefits of
the study, and about other choices. You may decide to stop being in this study at any
time and no one will mind and nothing will change about your medical care other than
not being in the study. Copies of this form will be kept in the study file by the principal
investigator and a copy will be given to you to keep.

Please call the Principal Investigator, Elizabeth Bettini, APRN at 202-476-3273 if you
have any questions.

Printed Name of Participant:

Printed Name of Parent(s)/Guardian(s):

Signature of Participant (Participant must be 18 years of age or older):

Date:
Signature of Parent(s)/Guardian(s):

Date:
Witness (to signatures) (may be investigator):

Date:

AFFIDAVIT OF PERSON OBTAINING CONSENT: I certify that I have explained to
the above individual(s) the nature and purpose of the study, potential benefits, and
possible risks associated with participation in this study. I have answered any questions
that have been raised.

Printed Name of Individual Obtaining Consent:

Title: Signature Date:
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CHILDREN'S NATIONAL HEALTH SYSTEM
Department of Pain Medicine
111 Michigan Avenue, NW
Washington, DC 20010
(202) 476-5000

ASSENT (AGES 12 to 17) TO PARTICIPATE

IN A CLINICAL RESEARCH STUDY

TITLE OF STUDY: Central sensitization and associated factors in adolescents with
joint hypermobility and dysautonomia

PRINCIPAL INVESTIGATOR: Elizabeth Bettini, MSN, APRN, PCNS-BC
INTRODUCTION:

We would like to invite you to be part of a research study at Children’s National
Medical Center. Before you decide if you would like to participate, we want you to
know why we are doing the study. We also want you to know about any risks (anything
unexpected that might happen) and what you will be expected to do in the study. You
can only be in the study if your parent(s) agree(s).

This form gives you information about the study. Your study doctor or a research staff
member will talk to you about the study and answer any questions you have. We would
like for you to discuss this study with your family before making your decision. We will
ask you to sign this form to show that you understand the study. We will give you a
copy of this form to keep. It is important that you know:

*  You do not have to join the study;
* If we make any important change to the study we will tell you about it
and make sure you still want to be in the study.

A. WHAT IS THE REASON FOR THE STUDY?

We are doing this study to see if there are any links between chronic pain and teens that
have flexible joints and POTS (postural orthostatic tachycardia syndrome). If we find a
connection between pain and the development of POTS we might be able to find better
ways to treat them.
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B. WHAT WILL HAPPEN IN THE STUDY?

You will be askedo fill in three surveysThese surveys will ask abothronic pain,

function, and anxiety. Following filling out the questionnaires, your joints will be

assessed for flexibility. This will include your fingers, wrists, elbows, back and knees.

The last assessment will use a machine called a neurometer. During this assessment, a
probe will be placed on your toe. An inpulse (like a buzzer) will be felt though the probe.

You are in control of the buzzing sensation throughout this exam and can stop the next

buzz when you no longer want to feellibe total time spend on this assessment

including filling out surveyss estimated at 1 hour.

C. WHAT POSSIBLE UNEXPECTED THINGS COULD HAPPEN?

There is no anticipated risk for harm in this study. There is a possibility of feeling
discomfort during the neurometer assessment. However, you are in complete control
over the impulse and can stop pressing the button when it becomes uncomfortable for
you.

D. WHAT POSSIBLE GOOD THINGS COULD HAPPEN?

You may not medically benefit from being in this study. The information learned from
this study could help other individuals diagnosed with joint hypermobility or autonomic
nervous system disorders in the future. A $20 Target gift card will be provided as a thank
you for being part of the study.

E WHAT OTHER CHOICES DO YOU HAVE | F YOU DO NOT WANT TO BE
IN THE STUDY?

Your participation in this study is voluntary. You do not have to be in this study if you
don’t want to. You can decide to be in the study and change your mind later. No one
will be mad at you.

F. HOW WILL WE KEEP YOUR RECORDS PRIVATE?

We will keep the records of this study private. Only the people working on the study will
know your name. They will keep this information in case we have to find you later to let
you know of any new information that may affect your health.
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ASSENT

By signing this form, you agree that you have talked to your doctor about the study and
understand it, and want to be in the study. You also agree that you have been told about the
risks (unexpected things) and benefits (good things) of the study, and about other choices.
You may stop being in the study at any time and no one will mind and nothing will change
about your medical care other than not being in the study. Please call the Principal
Investigator, Elizabeth Bettini at 202-476-3273 if you have any questions.

Printed Name of Participant: Date:
Signature of Participant: Date:
Witness (to signature): Date:

(may be investigator)

AFFIDAVIT OF PERSON OBTAINING ASSENT: I certify that I have explained to
the above individual(s) the nature and purpose of the study, potential benefits, and possible
risks associated with participation in this study. I have answered any questions that have
been raised.

Printed Name of Individual Obtaining Assent:

Title: Signature: Date:
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APPENDIX E

MEASURES



Central Sensitization Inventory
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Part A

Please circle the best response to the right of each statement.

1 | | feel unrefreshed when | wake up in the morning. Never | Rarely | Sometimes | Often | Always
2 | My muscles feel stiff and achy. Never | Rarely | Sometimes | Often | Always
3 | I have anxiety attacks. Never | Rarely | Sometimes | Often | Always
4 | | grind or clench my teeth. Never | Rarely | Sometimes | Often | Always
5 | | have problems with diarrhea and/or constipation. Never | Rarely | Sometimes | Often | Always
6 | | need help in performing my daily activities. Never | Rarely | Sometimes | Often | Always
7 | I am sensitive to bright lights. Never | Rarely | Sometimes | Often | Always
8 | | get tired very easily when | am physically active. Never | Rarely | Sometimes | Often | Always
9 | I feel pain all over my body. Never | Rarely | Sometimes | Often | Always
10 | | have headaches. Never | Rarely | Sometimes | Often | Always
11 | I'feel discomfort in my bladder and/or burning when | | Never | Rarely | Sometimes | Often | Always
12 :Jggar:si sleep well. Never | Rarely | Sometimes | Often | Always
13 | I have difficulty concentrating. Never | Rarely | Sometimes | Often | Always
14 | | have skin problems such as dryness, itchiness or Never | Rarely | Sometimes | Often | Always
15 rSatfgsess .makes my physical symptoms get worse. Never | Rarely | Sometimes | Often | Always
16 | | feel sad or depressed. Never | Rarely | Sometimes | Often | Always
17 | I have low energy. Never | Rarely | Sometimes | Often | Always
18 | | have muscle tension in my neck and shoulders. Never | Rarely | Sometimes | Often | Always
19 | I have pain in my jaw. Never | Rarely | Sometimes | Often | Always
20 | Certain smells, such as perfumes, make me feel Never | Rarely | Sometimes | Often | Always

dizzy and nauseated.
21 | | have to urinate frequently. Never | Rarely | Sometimes | Often | Always
22 | My legs feel uncomfortable and restless when | am Never | Rarely | Sometimes | Often | Always
trying to go to sleep at night.
23 | | have difficulty remembering things. Never | Rarely | Sometimes | Often | Always
24 | | suffered trauma as a child. Never | Rarely | Sometimes | Often | Always
25 | | have pain in my pelvic area. Never | Rarely | Sometimes | Often | Always
Total=
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Part B
Have you been diagnosed by a doctor with any of the following disorders?
Please check the box to the right for each diagnosis and write the year of the diagnosis.
NO YES Year Diagnosed

1 Restless Leg Syndrome
2 Chronic Fatigue Syndrome
3 Fibromyalgia
4 Temporomandibular Joint Disorder (TMJ)
5 Migraine or tension headaches
6 Irritable Bowel Syndrome
7 Multiple Chemical Sensitivities
8 Neck Injury (including whiplash)
9 Anxiety or Panic Attacks
10 Depression




What treatments or medications are you receiving for your pain?

In the last 24 hours, how much relief have pain treatments or medications
provided? Please circle the one percentage that most shows how much
you have received.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

No Complete
Relief Relief

Circle the one number that describes how, during the past 24 hours, pain has
interfered with your:

A. General Activity
0 1 2 3 4 5 6 7 8 9 10
Does not Completely

Interfere Interferes

0 1 2 3 4 5 6 7 8 9 10
Does not Completely
Interfere Interferes

0 1 2 3 4 5 6 7 8 9 10

Does not Completely
Interfere Interferes
D. Normal Work (includes both work outside the home and housework)

0 1 2 3 4 5 6 7 8 9 10

Does not Completely
Interfere Interferes

E. Relations with other people

0 1 2 3 4 5 6 7 8 9 10

Does not Completely
Interfere Interferes
F. Sleep

0 1 2 3 4 5 6 7 8 9 10

Does not Completely
Interfere Interferes

G. Enjoyment of life

0 1 2 3 4 5 6 7 8 9 10
Does not Completely
Interfere Interferes

Copyright 1991 Charles S. Cleeland, PhD
Pain Research Group
All rights reserved.
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PROMIS Ped Bank v1.0 — Anxiety

Pediatric Anxiety — Item Bank v1.0

Please respond to each item by marking one box per row.

Almost Almost
In the past 7 days. . . Never Never Sometimes Often Always

z2r2 | felt like something awful might happel E] E‘ EI E] E]
nori | felt nervous. 0 u . O U
0 1 2 8 4

znrt | felt scared. O O . O .
0 1 2 3 4

saart | felt worried. 0 0 0 O 0
0 1 2 3 4

seort | thought about scary things. 0 0 0 0 0
0 1 2 3 4

sert | was afraid that | would make mistake: E] ? El E] E]
.  |worried about what could happen to O O O O O
me 0 1 2 3 4

sisorz | worried when | went to bed at night. E‘ I? E‘ E‘ E‘
=or1 | got scared really easy. U L O O n
0 1 2 8 4

et | was afraid of going to school. 0 O O O 0
0 1 2 3 4

w2rt | was worried | might die. 0 0 0 0 0
0 1 2 8 4

surt | woke up at night scared. 0 0l 0 0 u
0 1 2 3 4

ssert | worried when | was at home. 0 0 0 0 0
0 1 2 8 4

ssart | worried when | was away from home. E‘ E‘ E’ E‘ E‘
sr1 |t was hard for me to relax. E] E] EI E] E]

© 2011-2012 PROMIS Health Organization and PROMt®gerative Group Page 1 of 1
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FDI
When people are sick or not feeling well it is sometimes difficult for them to do their regular
activities. In the past two weeks, would you have had any physical trouble or difficulty doing
these activities?
No Alittle | Some | A lot of Impossible
trouble | trouble | trouble | trouble
1 | Walking to the bathroom 0 1 2 3 4
2 | Walking up stairs 0 1 2 3 4
3 | or axampl, plying a game o |t |2 |3 e
4 | Doing chores at home 0 1 2 3 4
5 | Eating regular meals 0 1 2 3 4
6 | Being up all day without a nap or rest 0 1 2 3 4
7 | Riding the school bus or traveling in the car 0 1 2 3 4
Remember, you are being asked about difficulty due to physical health
8 | Being at school all day 0 1 2 3 4
9 SD;(;r:tgs )activities in gym class (or playing 0 1 > 3 4
10 | Reading or doing homework 0 1 2 3 4
11 | Watching TV 0 1 2 3 4
12 | Walking the length of a football field 0 1 2 3 4
13 | Running the length of a football field 0 1 2 3 4
14 | Going shopping 0 1 2 3 4
15 | Getting to sleep at night and staying asleep 0 1 2 3 4
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Neurometer CPT

Neurometer® CPT®
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APPENDIX F

RESULT TABLES



Table 3. Descriptive Characteristics Categorical

Variables
Total
N (%)
Gender
Male 9(22.5)
Female 31(77.5)
Race
Cauc 32(80)
AA 2(5)
Hisp 6(15)
POTS
No 11(27.5)
Yes 29(72.5)
JHS
Beighton <6 No 20(50)
Beighton >6 Yes 20(50)
CS Subjective
CSI<40 No 6(15.4)
CSI>40 Yes 33(84.6)
HAt2000
t2000<12 No 19(47.5)
t2000>12 Yes 21(52.5)
HAt250
t250<7 No 22(57.9)
t250>7 Yes 16(42.1)
HAt5
t5<10 No 25(64.1)
t5>10 Yes 14(35.9)
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Table 4. Descriptive Characteristics Interval
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Variables
Total
Mean(SD)
Anxiety 21.5(11.9)
BPI-Pain 5.1(2.3)
BPI-Function 4.5(2.5)
CsI 53(13.7)
FDI 26.7(10.4)
Beighton 4.95(2.9)
Heart Rate Diff 36(18.9)
T2000 9.2(3.3)
T250 9.1(4.0)
T5 13.8(5.7)
P2000 9.2(3.6)
P250 10.2(4.2)
P5 10.8(4.9)
Table 5. Distribution of POTS
for Different Variables
Total POTS No POTS p value*
N (%) N (%) N (%)
29(72.5) 11(27.5)
Gender
Male 9(22.5) 6(21) 3(27) 0.656
Female 31(77.5) 23(79) 8(73)
Race
Cauc 32(80) 24(83) 8(73) 0.304
AA 2(5) 2(7) 0
Hisp 6(15) 3(10) 3(27)
JHS
Beighton <6 No 20(50) 12(41) 8(73) 0.076
Beighton >6 Yes 20(50) 17(59) 3(27)
CS Subjective
CSI<40 No 6(15.4) 6(21) 0 0.095
CSI>40 Yes 33(84.6) 22(79) 11(33)
HAt2000
t2000<12 No 19(47.5) 14(48) 5(46) 0.873
£2000>12 Yes 21(52.5) 15(52) 6(54)
HAt250
£250<7 No 22(57.9) 16(57) 6(60) 0.875
250>7 Yes 16(42.1) 12(43) 4(40)
HAt5
t5<10 No 25(64.1) 18(62) 8(73) 0.076
t5>10 Yes 14(35.9) 11(38) 3(27)

*p-value for Chi-square
test
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Table 6. Distribution of JHS for

Different Variables
Total JHS No JHS p value*
N (%) N (%) N (%)
Gender 20(50) 20(50)
Male 9(22.5) 17(85) 14(70) 0.256
Female | 31(77.5) 3(15) 6(30)
Race
Cauc 32(80) 15(10) 17(85) 0.460
AA 2(5) 2(10) 0
Hisp 6(15) 3(15) 3(15)
POTS
No | 11(27.5) 3(15) 8(40) 0.076
Yes | 29(72.5) 17(85) 12(60)
CS Subjective
CSI<40 No 6(15.4) 6(21) 0(0) 0.095
CS>40 Yes | 33(84.6) 22(79) 11(33)
HAt2000
t2000<12 No | 19(47.5) 8(40) 11(55) 0.342
t2000>12 Yes | 21(52.5) 12(60) 9(45)
HAt250
t250<7 No | 22(57.9) 7(37) 15(79) 0.008
t250>7 Yes | 16(42.1) 12(63) 4(21)
HAtS
t5<10 No | 25(64.1) 11(55) 14(74) 0.224
t5>10 Yes | 14(35.9) 9(45) 5(26)

*p-value for Chi-square

test
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Table 7. Distribution of CS for Different
Variables

Total CS No CS p value*
N (%) N (%) N (%)
Gender 33(84.6) 6(15.4)
Male 9(22.5) 28(85) 2(33) 0.006
Female 31(77.5) 5(15) 4(67)
Race
Cauc 32(80) 26(6) 6(100) 0.460
AA 2(5) 2(79) 0
Hisp 6(15) 5(15) 0
POTS
No 11(27.5) 11(33) 0 0.095
Yes 29(72.5) 22(67) 6(100)
JHS
Beighton <6 No 20(50) 15(46) 4(67) 0.339
Beighton >6 Yes 20(50) 18(54) 2(33)
HAt2000
t2000<12 No 19(47.5) 16(49) 3(50) 0.946
t2000>12 Yes 21(52.5) 17(51) 3(50)
HAt250
t250<7 No 22(57.9) 19(61) 3(50) 0.606
t250>7 Yes 16(42.1) 12(39) 3(50)
HAt5
t5<10 No 25(64.1) 22(69) 4(67) 0.339
t5>10 Yes 14(35.9) 10(31) 2(33)

*p-value for Chi-square
test
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Table 8. Distribution of Gender
for Different Variables

Total Female Male p value*
N (%) N (%) N (%)
31(77.5) 9(22.5)
POTS 0.656
No 11(27.5) 8(26) 3(33)
Yes 29(72.5) 23(74) 6(67)
Race 0.666
Cauc 32(80) 24(77) 3(80)
AA 2(5) 2(7) 0
Hisp 6(15) 5(16) 1(15)
JHS 0.256
Beighton <6 No 20(50) 14(45) 6(67)
Beighton >6 Yes 20(50) 17(55) 3(33)
CS Subjective 0.006
CSI<40 No 6(15.4) 2(7) 4(44)
CSI>40 Yes 33(84.6) 28(93) 5(56)
HAt2000 0.834
t2000<12 No 19(47.5) 15(48) 4(44)
t2000>12 Yes 21(52.5) 16(52) 5(56)
HAt250
t250<7 No 22(57.9) 18(62) 5(56) 0.350
t250>7 Yes 16(42.1) 11(38) 4(44)
HAt5
t5<10 No 25(64.1) 20(67) 5(56) 0.542
t5>10 Yes 14(35.9) 10(33) 4(44)

*p-value for Chi-square
test




145

Table 9. Comparisons of Age, Anxiety, Beighton, CSI, BPI1, and BPI2 Variables by POTS *

Total No POTS POTS p-value
Median (min-max) Median (min-max) Median (min-max)
Age (years) 16(12-19) 16(12-19) 16(12-19) 0.689
Anxiety 22(0-42) 20(2-40) 24(2-22) 0.808
HR Diff 32(4-80) 25(4-53) 40(5-80) 0.021
Beighton 6(0-9) 4(0-9) 6(0-9) 0.077
FDI 26(8-52) 25(10-39) 27(8-52) 0.868
CSl 53(29-79) 48(40-62) 55(29-79) 0.267
BPI1 5(1-10) 5(3-8) 5(1-10) 0.100
BPI2 5(0-9) 5(3-8) 5(1-10) 0.037
T2000 12(5-20) 12(5-20) 12(5-20) 0.975
T250 9(2-20) 9(2-14) 8(5-20) 0.920
T5 14(5-26) 14(9-18) 14(5-26) 0.783
P2000 9(2-22) 9(6-13) 9(2-20) 0.854
P250 10(1-25) 10(2-16) 10(1-25) 0.767
P5 11(1-25) 11(1-17) 11(1-25) 0.850

* p-value for Wilcoxon Rank Sum Test for each descriptive variables by POTS category.




146

Table 10. Comparisons of Age, Anxiety, CSI, BPI1, and BPI2 Variables by JHS.*

Total No JHS JHS p-value
Median (min-max) Median (min-max) Median (min-max)

Age (years) 16(12-19) 14(5-20) 11(5-20) 0.592
Anxiety 22(0-42) 17(0-38) 28(0-42) 0.015
HR Diff 32(4-80) 35(4-73) 32(5-80) 0.966
FDI 26(8-52) 25(8-50) 27(10-52) 0.745
CSlI 53(29-79) 48(29-66) 55(33-79) 0.032
BPI1 5(1-10) 5(1-8) 5(1-10) 0.490
BPI2 5(0-9) 6(1-9) 4(0-9) 0.640
T2000 12(5-20) 14(5-20) 11(5-20) 0.354
T250 9(2-20) 9(5-20) 7(2-18) 0.043
T5 14(5-26) 15(8-26) 11(5-26) 0.110
P2000 9(2-22) 10(8-25) 10(1-18) 0.978
P250 10(1-25) 10(8-25) 10(1-18) 0.501
P5 11(1-25) 11(6-25) 11(1-20) 0.766
* p-value for Wilcoxon Rank Sum Test for each descriptive variables by JHS category.

Table 11. Comparisons of Age, Anxiety, Beighton, CSI, BPI1, and BPI2 Variables by CS *

Total No CS CS p-value
Median (min-max) Median (min-max) Median (min-max)

Age (years) 16(12-19) 13(13-15 16(12-19) 0.005
Anxiety 22(0-42) 9(0-19) 26(2-42) 0.015
Beighton 6(0-9) 3(1-9) 6(1-9) 0.103
FDI 26(8-52) 20(18-32) 28(10-52) 0.219
HR Diff 32(4-80) 42(23-70) 32(4-80) 0.243
BPI1 5(1-10) 3(1-10) 6(1-9) 0.100
BPI2 5(0-9) 3(1-10) 6(1-9) 0.037
T2000 12(5-20) 13(8-20) 12(5-20) 0.859
T250 9(2-20) 8(5-20) 9(2-18) 0.590
T5 14(5-26) 11(5-26) 14(5-26) 0.110
P2000 9(2-22) 9(2-22) 9(2-20) 0.978
P250 10(1-25) 10(1-25) 10(2-18) 0.501
P5 11(1-25) 10(1-25) 11(1-20) 0.766

* p-value for Wilcoxon Rank Sum Test for each descriptive variables by CS category.
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Table 12. Comparisons of Age, Anxiety, Bei

hton, CSI, BPI1, and BPI2 Variables by Gender .*

Total Male Female p-value
Median (min-max) Median (min-max) Median (min-max)
Age (years) 16(12-19) 13(12-19) 16(12-19) 0.097
Anxiety 22(0-42) 11(0-19) 27(0-42) <0.001
HR Diff 32(4-80) 29(17-70) 33(4-80) 0.754
Beighton 6(0-9) 2(0-7) 6(0-9) 0.065
CSlI 53(29-79) 43(30-55) 55(29-79) <0.001
FDI 26(8-52) 22(18-28) 28(8-52) 0.206
BPI1 5(1-10) 4(3-10) 5(1-8) 0.920
BPI12 5(0-9) 4(2-6) 6(0-9) 0.192
T2000 12(5-20) 10(7-20) 12(5-20) 0.935
T250 9(2-20) 7(5-20) 9(2-17) 0.560
T5 14(5-26) 16(5-26) 14(5-26) 0.990
P2000 9(2-22) 9(2-22) 9(4-20) 0.635
P250 10(1-25) 10(2-18) 10(1-25) 0.673
P5 11(1-25) 11(1-25) 11(1-20) 0.867

* p-value for Wilcoxon Rank Sum Test for each descriptive variables by Gender.




Table 13. Correlation Results
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Pearson Correlation Coefficients, N = 33

Anxiety Beighton CS FDI BPI1 BPI2 HR_Diff P5 P250 P2000
Anxiety 1.0000 0.2454 0.6208 0.3806 0.0118 0.3999 -0.0163 -0.1031 -0.0717 -0.0652
0.1686 0.0001 0.0289 0.9482 0.0211 0.9283 0.5681 0.6916 0.7184
Beighton 0.2454 1.0000 0.4017 0.1310 0.0909 -0.0982 0.0150 -0.0613 -0.1208 -0.0680
0.1686 0.0205 0.4673 0.6149 0.5869 0.9339 0.7346 0.5032 0.7070
CS 0.6208 0.4017 1.0000 0.5536 0.2469 0.5301 -0.0445 -0.0365 -0.0624 -0.1842
0.0001 0.0205 0.0008 0.1659 0.0015 0.8059 0.8401 0.7300 0.3048
FDI 0.3806 0.1310 0.5536 1.0000 0.2738 0.6658 0.1624 -0.0957 -0.0755 -0.1732
0.0289 0.4673 0.0008 0.1231 <.0001 0.3665 0.5962 0.6762 0.3352
BPI1 0.0118 0.0909 0.2469 0.2738 1.0000 0.5798 0.3043 -0.1070 -0.0503 -0.0950
0.9482 0.6149 0.1659 0.1231 0.0004 0.0851 0.5532 0.7809 0.5990
BPI2 0.3999 -0.0982 0.5301 0.6658 0.5798 1.0000 0.1410 -0.1018 -0.0590 -0.2531
0.0211 0.5869 0.0015 <.0001 0.0004 0.4337 0.5729 0.7443 0.1553
HR_Diff -0.0163 0.0150 -0.0445 0.1624 0.3043 0.1410 1.0000 -0.1346 -0.0725 0.0597
0.9283 0.9339 0.8059 0.3665 0.0851 0.4337 0.4550 0.6884 0.7415
P5 -0.1031 -0.0613 -0.0365 -0.0957 -0.1070 -0.1018 -0.1346 1.0000 0.9121 0.6529
0.5681 0.7346 0.8401 0.5962 0.5532 0.5729 0.4550 <.0001 <.0001
P250 -0.0717 -0.1208 -0.0624 -0.0755 -0.0503 -0.0590 -0.0725 0.9121 1.0000 0.7848
0.6916 0.5032 0.7300 0.6762 0.7809 0.7443 0.6884 <.0001 <.0001
P2000 -0.0652 -0.0680 -0.1842 -0.1732 -0.0950 -0.2531 0.0597 0.6529 0.7848 1.0000
0.7184 0.7070 0.3048 0.3352 0.5990 0.1553 0.7415 <.0001 <.0001
TS -0.1326 -0.1366 -0.0589 0.1035 -0.1637 -0.1300 -0.0552 0.4612 0.4226 0.3624
0.4621 0.4486 0.7448 0.5666 0.3628 0.4710 0.7601 0.0069 0.0143 0.0382
T250 -0.3009 -0.1401 -0.1383 -0.0366 0.0056 -0.1750 0.0295 0.4998 0.5287 0.4807
0.0888 0.4368 0.4426 0.8397 0.9754 0.3300 0.8705 0.0031 0.0016 0.0046
T2000 -0.3785 -0.1440 -0.2178 -0.1933 -0.0994 -0.2977 0.1338 0.3425 0.4145 0.4638
0.0299 0.4239 0.2233 0.2812 0.5819 0.0925 0.4580 0.0511 0.0165 0.0066




Table 14. ANCOVA Results between CSI and FDI, Anxiety, Age and Gender

Source DF Type lll SS

FDI 1 444.0686338
Anxiety 1 946.7968330
Age 1 197.7020760

Gender 1 19.2605357

List of Abbreviations

172000, T250, T5S=CPT threshold on each sensory nerve fiber (4 delta, A beta, and C,

respectively)

HAt2000, HAt250, HAt5=hyperalgesia based on Neurometer CPT user manual listed

Mean Square F Value Pr>F

444.0686338
946.7968330
197.7020760

19.2605357

normative ranges based on healthy volunteer data

cs_s=the presence of CSI score = or >40 (CS subjective)

BPII=pain section of Brief Pain Inventory

BPI2=function section of Brief Pain Inventory

CSI=Central Sensitization Inventory

FDI=Functional Disability Inventory

AA=African American

C=Caucasian

H=Hispanic

4.80 0.0355
10.22 0.0030
2.14 0.1531
0.21 0.6512
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