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Introduction

1. Acute and chronic pain: two different phenomena

Acute and chronic pain are different clinical entities. Acute pain is widely recognized as a survival
warning system that alerts to potential tissue damage. It is defined as a physiological response to
a harmful chemical, thermal, or mechanical stimulus that is associated with surgical intervention,
trauma, or acute illness. Acute pain serves a protective and adaptive function that is typically
limited to the duration of healing of the underlying cause. Its biological function is to demand
attention and alter behavior by prioritizing escape, protection, and recovery *. The biological value
of acute pain is lost when it becomes persistent. Indeed, chronic pain is typically non-adaptive, is
frequently unrelated to a specific cause, and lasts beyond the expected healing and recovery time
23, Chronic pain is a significant, widespread, and complex problem, and while it is still poorly
understood, it is increasingly being viewed as a disease entity in and of itself rather than as
"symptom" of another condition *°. It appears to be characterized by pathological changes in the
central and peripheral nervous systems &’. Chronic pain conditions can have a significant impact
on quality of life and disability 8. Psychosocial and cognitive variables were found to be strongly

related to the transition from acute pain to chronic pain °.

2. Biomedical model of pain

Pain was once thought to be caused by a direct link between observable organic pathology and

patient-reported symptoms. As a result, it was expected that the amount of pain was perfectly
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proportional to the amount of tissue damage that was 'causing' the pain. Symptoms such as pain
are manifestations of an observable disease, according to the biomedical model, and pathological
changes and clinical features are inextricably linked. The primacy of structural pathology has
supplanted functional pathology as the primary criterion for disease detection, with behavioral,
psychological, and social factors being overlooked. Pain was thought to be dichotomous in the
traditional biomedical model: physical (somatogenic) or psychological (psychogenic). Pain that
was not directly related to tissue damage or pathological abnormalities was defined as psychogenic
pain. Thus, where there was no identifiable pathology, pain could be labeled "psychogenic”, and
psychological factors were assumed to be the main mechanistic contributors to pain. According to
this model, pain is reduced to a complex system of nerve signals, while other factors such as
individuals' idiosyncrasies and the psychosocial context are ignored. Indeed, biomedical pain
theories have primarily focused on the neurophysiological aspects of pain, particularly the concept
of nociception, which reduces painful sensations as a result of nociceptor activation. However, this
model did not adequately account for factors related to the subjective experience of individuals.
Pain experience is complex, inherently subjective, value-laden, and difficult to determine
objectively and empirically, because it is defined by body signals and language, both of which are
culturally influenced and subject to different interpretations.

The current understanding of pain is multidimensional and dynamic rather than linear °. To
optimize treatment, the era of personalized pain medicine underlines the pivotal role of
interrelationships between psychological states, social/contextual forces, and neurobiological
processes for each patient. Indeed, the International Association for the Study of Pain defines Pain
as a distressing sensory and emotional experience that is linked to, or resembles, actual or potential
tissue damage *. According to the IASP definition, pain can occur even if there is no detectable

tissue damage. There are three types of pain: nociceptive, neuropathic, and nociplastic.
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Nociceptive pain is caused by the stimulation of nociceptors as a result of a noxious stimulus or a
stimulus that may cause tissue damage. This is the most common type of chronic pain, and it
includes both primary osteoarthritis and spinal pain 2. Pain is classified as neuropathic when it is
caused by a disease or dysfunction of the somatosensory nervous system 3. Numbness, tingling,
allodynia, and other sensory abnormalities are frequently associated with it. Chronic neuropathic
pain, unlike nociceptive pain, is always maladaptive and associated with lower quality of life and
higher levels of disability *. Nociplastic pain is caused by abnormal pain signal processing in the
absence of tissue damage or illness involving the somatosensory system. Fibromyalgia, irritable
bowel syndrome, and nonspecific low back pain are all conditions characterized by nociplastic
pain, previously, all of these conditions were referred to as functional pain syndromes. These
disorders are characterized by abnormal mechanisms such as increased sensory processing and

decreased inhibitory pathways.

Table 1. IASP definition of nociceptive, neuropathic and nociplastic pain

Nociceptive pain Neuropathic pain Nociplastic pain
Causes Tissue or potential tissue Disease or injury affecting Maladaptive changes that affect
damage the nervous system nociceptive processing and

modulation without objective

evidence of tissue or nerve

damage
Somatic: Central: - Diffuse sensitization
- Bones (bone fracture, - Traumatic (spinal (fibromyalgia)
metastases); cord injury); - Functional visceral pain
- Muscles (dystonia, - Vascular (stroke); (irritable bowel
muscle spasm); Neurodegenerative syndrome, bladder pain
- Joints (osteoarthritis); (Parkinson's syndrome)

disease);
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Visceral:

Skin (postoperative

pain, burns)

Mucosal injury
(peptic ulcer)
Obstruction or
capsular distension
(gallstones, kidney
stones)

Ischaemia (angina,

mesenteric ischaemia)

Tissue injury (cancer,

cirrhosis)

Autoimmune
(multiple sclerosis);
Inflammatory
(transverse

myelitis)

Peripheral:

Infections (HIV,
acute herpes zoster
or postherpetic
neuralgia)

Nerve compression
(carpal tunnel
syndrome)
Trauma (complex
regional pain
syndrome type 2)
Metabolic
(amyloidosis,
nutritional
deficiencies)
Ischaemic
(peripheral vascular
disease, diabetes)
Toxic
(chemotherapy-
induced peripheral
neuropathy)
Auto-immune
(Guillain-Barré

syndrome)

Regional somatic
sensitisation (complex
regional pain syndrome
type 1,
temporomandibular

disorder)

Altered nociception:

Peripheral sensitisation
(proliferation of sodium
channels, sympatho-
afferent coupling)
Central sensitisation (N-
methyl-D-aspartate
activation, cortical
reorganisation)
Diminished descending
inhibition
(periaqueductal grey and
rostroventromedial
medulla)

Immune system
activation (glial cells,
chemokines, cytokines,
and other inflammatory

mediators)
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- Genetic (inherited

neuropathy)
Accompanying Higher rates of Greater psychological Psychological distress affects
symptoms psychopathology including distress and concomitant most individuals. Cognitive
depression and anxiety than disability than observed in symptoms, insomnia, and fatigue
controls nociceptive pain are common. Gastrointestinal

complaints and sensitivity to other
sensory stimuli often occur.
Association with multiple

sensitivity reactions to chemicals

3. Biopsychosocial model of pain

According to the findings of a study conducted by the American Academy of Pain Medicine’s Pain
Psychology Task Force, most pain treatments are firmly rooted in the biomedical realm, focusing
on nociception while ignoring the other half of the pain definition, which is rooted in psychology
15, Pain is a public health issue that necessitates a more nuanced approach than many other medical
issues. Additionally, effective pain assessment and treatment should be considered a basic human
right . The need for more effective pain management has become a key aspect of patient-centered
care. The Institute of Medicine's report on Relieving Pain in America ®, as well as the National
Pain Strategy !’, emphasizes the importance of treating pain in a more comprehensive manner, as
well as improving multidisciplinary pain management. Experts in the field of pain education have
advocated for improved pain education in medical schools %° with a focus on the cognitive and

affective aspects of pain %°. New concepts have emerged as a result of the modern trend toward
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personalized medicine, such as the redefinition of chronic pain as a multidimensional
biopsychosocial phenomenon.

The biopsychosocial model of health and illness, proposed by psychiatrist George Engel in 1977
21 to emphasize the importance of the mind-body connection, has been applied to a wide range of
chronic illnesses. Pain frequently arises in the nervous system in response to physiological stimuli,
but the pain experience of each person is determined by a dynamic interaction of biological,
psychological, and societal processes. According to the biopsychosocial model, pain and disability
are multidimensional and result from dynamic interactions between biological, psychological, and
social factors that influence each other. To have a complete understanding of the patient's
condition, the interwoven affiliation of the biological, psychological, and social elements unique
to each chronic pain patient must be addressed. If any one of these elements is overlooked, standard
treatment protocols are found to be inadequate 223, Because patients with the same diagnosis may
respond differently to standard treatment, the biopsychosocial approach to assessment and
management aims to tailor treatment to the specific needs of the individual. To best assess the
individual's unique pain condition, the biopsychosocial model incorporates physical,
psychological, social, cognitive, affective, and behavioral measures, as well as their interactions.

Several chronic pain management guidelines 2427

emphasize the importance of recognizing
possible neurobiological mechanisms as well as psychosocial factors, which is consistent with the
International Classification of Functioning, Disability and Health (ICF), the framework endorsed
by the World Health Organization (WHO) for the description and measurement of health and

disability 8. An interdisciplinary team collaborates at this level to help the patient avoid physical

deconditioning and overcome psychological barriers to recovery.
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4. Psychological factors in the chronic pain experience

Negative psychosocial factors such as distress, trauma, fear, and catastrophizing have been shown
to worsen pain and pain-related outcomes. Among general psychosocial factors, several evidence
highlights that symptoms of depression, anxiety, and emotional distress play a significant role in
key long-term outcomes of chronic pain, including functional capacity 2%, healthcare costs 3,
mortality 32, and suicide *3. A growing body of evidence suggests that psychological and physical
trauma is associated with chronic pain. There is a strong potential link between traumatic
childhood experiences and the development of chronic pain later in life 34,

Although positive psychosocial factors such as social support, active coping skills, acceptance,
and self-efficacy have been shown to improve pain and pain-related outcomes. Resilience factors
are becoming a more important target for intervention because they are less established and more
adaptable to tailored support, although the risk factor side of the biopsychosocial model of chronic
pain has received more attention in research and clinical practice. Among pain-specific
psychosocial constructs pain coping, kinesiophobia, pain catastrophizing, self-efficacy are the

most important 3-2°,

5. Fear avoidance model

A model built according to a biopsychological approach is the fear avoidance model (FAM). The
FAM is one of the most important models in pain research and tries to delineate the trajectory that
leads people who experience acute pain to experience chronic pain. FAM emphasizes the
importance of the beliefs that patients have about pain in increasing fear and avoidance. The most

significant model in the context of fear avoidance is the one developed by Vlaeyen et al, initially
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formulated for low back pain. When a person experiences an episode of pain, his or her
interpretation of pain influences behavior. For example, if a person interprets pain as dangerous,
catastrophic, and a sign of pathology, it will lead the subject to an excessive fear of pain and
movement associated with pain. In this sense, avoidance will prevent the patient from "correcting"
their beliefs about pain. Hypervigilance to pain signals and avoidance are functional in an acute
pain setting but become dysfunctional in chronic pain. Avoidance of movement and activities, in
addition to causing deconditioning, contributes to psychological distress and isolation.

The FAM proposes two opposing behavioral responses: confrontation and avoidance, and shows
how injured patients can become trapped in a downward spiral of increasing avoidance, disability,
and pain. The Fear Avoidance Model (FA model) proposes that, for some patients, a negative
evaluation of pain as catastrophic leads to fear of situations and movements associated with their
pain. This fear leads to avoidance of such situations and movements which have the immediate
effect of preventing daily activities which are expected to cause pain from being completed. It also
leads to hypervigilance, as evidenced by increased attention to body sensations and difficulty
disengaging from such stimuli. One of the key risk factors that is believed to cause long-term
problems is fear of movement and reinjury, resulting in avoidance. Avoidance behaviors are
initiated in anticipation of pain rather than in response to pain; they may persist because there are
fewer opportunities to correct (erroneous) expectations and beliefs about pain as a threatening
signal. These avoidance behaviors contribute to physical dysfunction and disability; in fact, they
have negative consequences for the musculoskeletal and cardiovascular systems, possibly leading
to disuse syndrome. Furthermore, avoidance, which can lead to depression, irritability, frustration,
and increased pain. On the contrary, if the injury/pain experience is perceived as nonthreatening,

the model suggests that patients will confront and deal with it adaptively, leading to recovery.

Figure 1. Fear Avoidance Model
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6. Obesity and chronic pain

A growing body of evidence suggests that pain and obesity are linked. The most widely accepted
classification of obesity is a BMI of 30.0kg/m2 or a waist circumference (WC) of 88 cm or 102
cm for abdominal obesity in women and men, respectively 4°. The level of obesity is classified
according to these criteria: class | (30-34.9 kg/m2), class 11 (35-39.9 kg / m2), and class 111 ($40
kg/m2 ). Numerous studies have found a link between obesity and chronic pain. According to a
community study #*, obesity has been linked to a variety of pain diagnoses: low back pain,
fibromyalgia, and abdominal pain. Obesity, on the other hand, is common among chronic pain
patients. People who are in a lot of pain have more total fat mass and less total lean mass than

those who are not 2. In their study, Yunus et al. *® discovered that more than 60% of women with
21



fibromyalgia were overweight or obese, with 32.2 percent being obese. Another study discovered
that people with fibromyalgia had a higher mean BMI than people who were not in pain. According
to longitudinal studies, obesity can also be a risk factor for the development of chronic pain. On
the other hand, weight gain can be a side effect of chronic pain. Chronic pain is one of the most
reported common reasons for weight gain in patients with obesity 4. The frustration that comes
with functional limitations can lead to overeating *°. Sedentary behavior, insufficient sleep, and
side effects of medications are common side effects of chronic pain that can contribute to weight
gain in patients with chronic pain “°. Obesity, according to research, makes chronic pain more
problematic in general #’. In patients with chronic pain, obesity is associated with increased

physical disability and psychological distress ®.

7. Chronic low-back pain

Chronic low back pain (CLBP) is acommon musculoskeletal condition that causes more functional
disability (activity limitation, absenteeism at work, and loss of productivity) than any other
condition and has a high rate of recurrence. CLBP is defined as low back pain (LBP; pain below
the costal margin and above the gluteal fold) lasting at least 12 weeks °°. CLBP imposes a
significant burden, and current knowledge and treatment approaches are inadequate to alleviate it.
Arthritis, chronic low back pain (CLBP), and headaches have all been thought of as separate
disorders caused by peripheral pathology in the past *. Because pain has historically been viewed
as a symptom of an injury or disease, clinicians have focused on identifying etiologic factors to
devise a treatment. Beyond the initial triggers, a number of interconnected factors have been

identified as contributing to the development and maintenance of pain *°.
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Chronic low back pain is increasingly being thought of as a mixed pain syndrome with nociceptive
and neuropathic components. There is also a lack of understanding of how different psychosocial

factors may contribute to the link between CLBP and disability.

7.1 Chronic low-back pain related disability

Disability resulting from chronic low back pain is a complex and multidimensional phenomenon
%1 It is associated with high health and social costs, in particular loss of productivity, absenteeism
from work, and expenditure on health care system °2. Disability related to chronic low back pain
is influenced by a number of factors: perceived pain intensity, psychosocial factors 3%,
occupational factors. Cognitive aspects seem to play a prominent role in influencing the experience
of chronic pain. Indeed, the most studied psychological and cognitive aspects are self-efficacy,

fear of movement, pain related fear and pain catastrophizing 53°4°6-%,

7.2 Chronic low-back pain and obesity

Obesity and chronic low back pain (CLBP) are two common and debilitating medical conditions
%0, Both conditions come at a high cost to society. The social and financial burden of obesity and
CLBP is exacerbated by the costs associated with chronic diseases related to obesity and various
CLBP treatments 962, Obesity is becoming more prevalent causing it to be classified as an
epidemic ®3. As the morbidity and mortality rates associated with obesity continue to rise, it has
become a serious public health concern . Obesity, on the other hand, is not only common, but
also costly #*. Obesity has been linked to several chronic pain conditions . Obesity and pain have

traditionally been treated as two distinct fields of study. However, in recent years, the two fields
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have merged. This research crossover is significant because people with chronic pain are
frequently obese ®, and those who are obese are frequently in pain 7. As a result, researchers have
proposed common physiological pathways that underpin both obesity and pain °-%8 More
importantly, there is evidence of a direct link between obesity and CLBP, indicating that more
research is needed ®*2. Low back pain is more common as BMI rises "3, Obesity and CLBP

research, on the other hand, is scarce and poorly understood.

8. Research project’s goals

Chronic pain is a significant problem that affects millions of people. Although the level of
perceived pain plays an important role in determining quality of life and associated disability,
psychosocial factors also play a role. However, researchers have begun to examine the possible
associations between pain, disability, and psychological factors. This type of research is important
because it allows us to understand which psychological factors can be addressed. The main areas
of research include (1) catastrophizing cognition, (2) coping responses, and (3) beliefs related to
pain. In this research project, we focus primarily on two specific factors of FAM, pain
catastrophizing, and fear avoidance.

The objective of this doctoral project is to evaluate the association between pain beliefs, pain
intensity, and disability in a specific and still poorly studied population, namely, subjects with
chronic pain and obesity. In this first part of the project, we will present the studies conducted on
individuals with chronic low back pain and obesity. Since the importance of evaluating the whole
patient through a biopsychosocial lens, comorbidities, cognitive/emotional/behavioral traits, and
QoL /functional impairment must be included. In the first study of this research project, the

objective was to validate a questionnaire developed to assess both the physical and psychological
24



characteristics of the patient’s pain experience. In the second study, we evaluated the contribution
of pain catastrophizing and kinesiophobia to perceived pain intensity and disability. In the third
study, kinesiophobia was then evaluated as a mediator of the relationship between pain intensity

and disability.
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Study I: Factor structure, validity, and reliability of the STarT Back
Screening Tool in Italian obese and nonobese patients with chronic

low-back pain

Abstract

The STarT Back Screening Tool (SBST) is a self-report questionnaire that assesses risk factors for
disability in chronic back pain patients. It can be used to provide cost-effective stratified care, but
reports on its psychometric properties have been mixed. The purpose of this study was to assess
the factorial structure and psychometric properties of the STarT Back Screening Tool in Italian
(SBST). In a tertiary care hospital and a clinical private center, a cross-cultural adaptation and
validation study was conducted. Patients with low back pain, both with obesity and without
obesity, were included in the study. Patients completed self-report questionnaires at baseline and
after 7 days. The factorial structure, internal consistency, test-retest reliability, and construct
validity of the SBST were assessed. The study enrolled a total of 146 patients (62 from Sample 1
and 84 from Sample 2). Confirmatory factor analysis proved that the original two-correlated
factors model was adequate. Due to item 2's low correlation with the other items, Cronbach's alpha
for the total scale and subscales were both below the cutoffs. Test-retest reliability was adequate.
Except for the Roland-Morris Disability Questionnaire, the SBST had moderate correlations with
comparison questionnaires. The SBST has good psychometric properties and can be used to

identify prognostic factors for patients with back pain.
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1. Introduction

Back pain is a very common condition "4’ and has a significant and negative influence on
mobility, sleep, and activity participation ’®. Obesity increases the risk of back pain-related
impairment and is a risk factor for back pain due to underlying biological mechanisms. The two
disorders share risk factors such as age, gender, race/ethnicity, and lack of physical activity /*~"°.
Because back pain becomes chronic and causes long-term disability in 2% to 7% of cases, it is
critical to identify people who are at risk of poor treatment outcomes 8081,

Pharmacological treatment, exercise, manual therapy, and psychological interventions are all
common components of rehabilitation 8282, These treatments have been shown to reduce pain and
impairment, particularly when administered in a multidisciplinary setting . However, between
30% and 40% of patients do not respond to treatment. . Demographic factors such as age,
physical factors such as pain duration, severity, and disability, and psychological factors such as
catastrophizing, anxiety, depression, and kinesiophobia 8/ are all characteristics that can be used
to predict outcomes. Therefore, it becomes critical to quickly risk factors.

The STarT Back Screening Tool (SBST) 8 was developed for this purpose. The SBST has a 9-
item that evaluates modifiable physical and psychological risk factors for disability outcomes. The
authors propose the following scoring system. Patients with total scores of 0 and 3 are considered
low risk, those with overall scores > 4 but with scores <4 in the psychological subscale are
considered at medium risk and those with total scores > 4 and scores >4 in the psychological
subscale at high risk ®8°. The SBST total scores predict 3- and 6-months disability 8%, quality of

%1 and functional recovery after physical treatment %2. Furthermore, the

life, work ability
implementation of stratified care based on SBST scores was clinically and cost effective in the

long term %3-9°,
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The original questionnaire and its translated versions have good or excellent test-retest reliability
90.96-100 construct validity 899919 and responsiveness 1%L, The internal consistency estimates are
more heterogeneous, with some studies reporting good internal consistency 8%%°8 and other
studies reporting poor internal consistency °%1921% Surprisingly, the factorial structure has
received little attention. To the best of our knowledge, the distinction between physical and
psychological items, the absence of additional sources of variability, and the existence of a link
between the latent components have not been explicitly confirmed to confirmatory procedures.
Knowledge of these features is required to justify the computation of subscale scores and the total
score.

The SBST was translated into Italian and has been found to be linguistically accurate,
understandable, and acceptable for use by Italian-speaking patients 1°4. However, its reliability and
construct validity, however, have not been addressed. Validation of the Italian version of the SBST
in both patients with and without obesity and low back pain should help determine the best
prognosis and treatment options %. As a result, the purpose of this study was to evaluate the
factorial structure, its internal consistency, test-retest reliability, and construct validity of the

Italian version of the SBST.

2. Methods

This investigation was based on data from two samples. During the first week of a 4-week
comprehensive rehabilitation program and weight loss management, obese patients admitted to the
Istituto Auxologico Italiano's Rehabilitation Unit and Research Laboratory in Biomechanics and
Rehabilitation and referred for medical attention for back pain were included in Sample 1. Sample

2 consisted of patients referred to the Accademia Italiana Medicina Osteopatica's training and
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clinical internship center. A medical diagnosis of back pain not explained by trauma or other
disorders, as well as an age range of 18 to 80 years, were required for both samples.

Back pain was defined as pain or discomfort between the costal margins and the superior gluteal
line, with or without leg pain. Patients who were unable to provide their informed consent were
not allowed to participate in the study.

After being enrolled, participants were asked to complete a short battery of self-report
questionnaires, including the SBST. On a subsequent visit, they were asked to complete the SBST

after 7 days. This study was approved by the Institutional Ethical Committee.

3. Measurement Instruments

- The SBST was part of a set of self-report questionnaires given at the start of the study,
including the following.

- The Numeric Pain Rating Scale (NPRS) is an 11-point pain scale that measures the
intensity of current pain from 0 to 10 (worst possible pain) 1%,

- The Roland-Morris Disability Questionnaire (RMDQ) %7198 The RMDQ is a valid and
reliable measure of physical disability that consists of 24 items that list limitations to
everyday activities that are rated on a binary response system ("yes" or "no"). A higher
value indicates a higher level of disability.

- The Pain Catastrophizing Scale (PCS) 1%%11% The PCS is a self-report scale that uses 13
items on a 5-point Likert-type scale ranging from 0 ("not at all") to 4 (“extremely™) to
assess pain catastrophizing ("all the time™). The PCS evaluates the thoughts and feelings
that come with pain. We used the total score in this study, with higher values indicating

higher levels of catastrophizing 110111,
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- The Tampa Scale of Kinesiophobia (TSK) 1213, The TSK is a 17-item questionnaire
that was developed as a measure of pain-related fear of movement. It uses a 4-point
Likert scale ranging from 1 (“completely disagree”) to 4 (“completely agree”). Higher
numbers indicate greater fear of moving.

- The European Quality of Life Instrument (EQ-5D) 4. The EQ-5D is a five-item self-
report questionnaire that assesses mobility, self-care, regular activity, pain/discomfort,
and anxiety/depression. The EQ-5D in Italian has been validated, and normative values
are now available *°.

After 7 days from baseline, the battery included SBST, NRS and a single question on a 7-point
scale ranging from 0 ('No improvement’) to 6 ('Complete recovery'), indicating a perception of

improvement from baseline.

4. Statistical Analysis

Frequency and percentages were used to investigate categorical variables. Medians and
interquartile ranges (IQR) were used to describe ordinal variables, while means and standard
deviations were used to describe interval and ratio variables. If necessary, chi-square, Mann-
Whitney, and t-tests were used to examine differences in demographic and clinical factors between
the two samples. Because missing data accounted for 5% of the total, it was removed from the
analyses.

A confirmatory factor analysis evaluating a two correlated factors model distinguishing a physical
(items 1 to 4) and a psychosocial (items 5 to 9) subscale was used to assess the structural validity
of the SBST !1°. A diagonally weighted least squares estimator with robust standard errors was

used to estimate the parameters. If the Root Mean Square Error of Approximation (RMSEA) was

30



less than 0.06 and the Tucker Lewis Index (TLI) and Comparative Fit Index (CFI) were both
greater than 0.95, the model fit was considered adequate . Item loadings were examined to
determine the contribution of each item to the respective subscale. Item loadings were considered
excellent if >.71, very good if <.71 and >.63, good if <.63 and >.55, fair if <.55 and >.45, poor if
<.45 and >.32 and very poor if <.32 118,

The Cronbach's alpha was calculated to determine the SBST's and its subscales' internal
consistency. The acceptable internal consistency cut-off was 0.70 11°, Furthermore, the “o if item
deleted” technique was used to identify whether removing an item's improved the Cronbach's a
coefficient. The Intraclass Correlation Coefficient (ICC) was used to estimate test-retest reliability
using the SBST scores at the baseline and after 7 days. Patients who reported during the second
administration that their pain had sufficiently, mostly, or completely resolved at the single question
investigating their perception of improvement were excluded from this analysis. To calculate the
ICC, a two-way mixed-effect ANOVA model with interaction for the absolute agreement between
single scores was used (ICCsk) '?°. Values < .5 indicate poor reliability, values >.5 and <.75
indicate moderate reliability, values >.75 and <.9 indicate good reliability, and values > .90
indicate excellent reliability 121,

A set of prespecified hypotheses about the correlations between the SBST and the comparison
questionnaires was formulated to assess construct validity 122, Pearson's r was used to examine the
associations. We expected a moderate correlation (r >.3 and.6) between the SBST total score and
the NRS, PCS, TSK, RMDQ, and EQ-5D scales.

The threshold for the identification of significant values was a = .05. The analyses were performed
using the R (version 3.6.0) packages lavaan (confirmatory factor analysis) 23, psych 2* (internal

consistency and test-retest reliability) and base % (correlations).
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5. Results

5.1 Description of the sample.

A total of 146 patients were enrolled in Samples 1 and 2, for a total of 62 patients in Sample 1
and 84 patients in Sample 2. The demographic and clinical characteristics of the samples are
listed in Table I. Patients in Sample 1 were older and had higher ratings for catastrophizing,
disability, and kinesiophobia, as well as higher baseline SBST scores, than patients in Sample

2.
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Table 1. Frequencies and descriptive statistics of the sample

Total sample Sample 1 Sample 2

(n=146) (n=62) (n=84) p-value?
Age 55.4 (13.2) 59.1 (8.9) 52.6 (15.2) <.01
Sex Male 52 (35.9) 23 (37.1) 29 (34.9)

Female 93 (64.1) 39 (62.9) 54 (65.1) 92b

PCS 17 (10.1) 21 (11) 14 (8.3) <.01
EQ5D 0.7 (0.2) 0.7 (0.2) 0.7 (0.1) A7
RMDQ 8.5 (5.9) 11.4 (6.2) 6.3 (4.7) <.01
TSK 27.4(7.4) 29.5 (7.4) 25.9 (7) <.01
NRS t0 5.8(2.2) 6.2 (2.4) 55(2.1) .06
NRS t1 3.8(24) 3.2(2.5) 4.2(2.1) .01
Perception of improvement 5 [4,6] 312, 5] 43, 6] <.01°
SBST-Ph t0 2.1(1.2) 2.6 (1.2) 1.8(1.1) <.01
SBST-Ps t0 1.1(1.3) 1.2 (1.5) 0.9 (1) 0.15
SBST total t0 3.2(2) 3.9(22) 2.7(1.8) <.01
SBST-Ph t1 1.5(1.2) 1.3(1.3) 1.6 (1.1) 0.10
SBST-Ps t1 0.7 (1.1) 0.6 (1.1) 0.8 (1.1) 0.28
SBST total t1 2.2 (1.9) 1.9 (2.1) 2.4 (1.8) 0.11

Notes. Frequencies and percentages are reported for categorical variables, medians and interquartile ranges for ordinal

variables and means and standard deviations for interval or ratio variables.

ap-values are based on independent sample t-test, if not otherwise specified.  based on Chi square test. ¢ based on Mann-Wt

Abbreviations: PCS = Pain Catastrophizing Scale, RMDQ = Roland Morris Disability Questionnaire, TSK = Tampa

Kinesiophobia, NRS = Numeric Rating Scale, SBST-Ph = Start Back Screening Tool — Physical subscale; SBST-Ps = Start Back

Tool — Psychological subscale
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5.2 Confirmatory factor analysis

The fit of the two-correlated factors model was adequate: CFI = .98, TLI = .99, RMSEA = .03.
Items 1, 3 and 4 had excellent loadings on the physical subscale, whereas item 2 had a very poor
loading. Regarding the psychological subscale, item 5 had a fair load, item 6 had a good load, item
8 had a very good load, and items 7 and 9 had excellent loads (Figure 1). The physical and
psychological subscale had a correlation of .61. Overall, the two-correlated factors model was
considered adequate and subscale scores were used in addition to the total score in the reliability

and validity analyses.

Figure 1. Confirmatory factor analysis of the Start Back Screening Tool evaluating a two correlated factors model
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5.3 Reliability

The Cronbach’s o of the total scale was 0.64 in the total sample. The Cronbach’s o in Sample 1
was .68 and in sample 2 was .55. The Cronbach’s o of the physical subscale was 0.55 (.58 in
sample 1 and .53 in sample 2), whereas the Cronbach’s o of the psychological subscale was 0.61
(.73 insample 1 and .55 in sample 2). The a if item deleted revealed that removing item 2 would
increase the internal consistency of the total scale to 0.70 and the one of the physical subscales
to 0.65.

The ICC of the total scale was 0.84 in the total sample, indicating good test-retest reliability.
The ICC in Sample 1 and 2 were .85 and .84, respectively. Regarding the physical subscale, the
ICC was .77 in the total sample, indicating good test-retest reliability, and .75 and .84 in Sample
1 and 2, respectively. Finally, the ICC of the psychological subscale was .84 in the total sample

and .85 and .84 in Sample 1 and 2, respectively. These values indicate good test-retest reliability.

5.4 Construct Validity

The correlations between the SBST total scale and subscales in the overall sample, as well as
Samples 1 and 2, are shown in Figure 2. Most of the sample met all the hypotheses. The only
assumptions that were not met were the correlations between the SBST total scale and the RMDQ
in the entire sample and Sample 2, which were slightly higher than 60. The correlations between
the SBST total scale and subscales in the overall sample, as well as Samples 1 and 2, are shown in
Figure 2. Most of the sample met all of the hypotheses. The only assumptions that were not met
were the correlations between the SBST total scale and the RMDQ in the entire sample and Sample

2, which were slightly higher than 60.
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Figure 2. Correlations between the Start Back Screening Tool and the comparator instruments
Notes. Abbreviations: PCS = Pain Catastrophizing Scale, RMDQ = Roland Morris Disability Questionnaire, TSK = Tampa Scale
for Kinesiophobia, NRS = Numeric Rating Scale, SBST-Ph = Start Back Screening Tool — Physical subscale; SBST-Ps = Start

Back Screening Tool — Psychological subscale

Total Sample 1 Sample 2
NRS 048 0.35 0.42 0.5 0.41 0.39 0.42 0.23 0.44
RMDQ ~ 0.65 0.53 0.5 0.6 0.44 0.5 0.61 0.46 0.52
EQ-5D (I 0.25 | A0 87 014 G 046  -035  -0.38
PCS 048 0.22 0.54 0.42 0.07 0.54 042 0.13 0.54
TSK 051 0.34 0.48 0.54 0.33 0.5 0.41 0.22 0.44
R R S
& ® X & ® X & ® X
6. Discussion

The SBST's factorial structure, test-retest reliability, and construct validity were investigated in a
group of Italian patients with low back pain and/or obesity. The results show that this instrument
assesses the physical and psychological aspects of a patient's pain, as well as its internal

consistency, test-retest reliability, and construct validity.
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To our knowledge, this is the first study that presents a confirmatory factor analysis of the SBST.
Similarly to our study, but using an exploratory procedure, Abedi et al. 11¢ found that a two-factor
model had a good fit with their data. The presence of the two factors is consistent with the authors
of the original questionnaire's categorization of the items, which divided them based on their
physical or psychological content 8. The presence of a correlated-factor structure indicates that
subscale scores can be calculated, and the moderate correlation between the two subscales supports
the use of the total score. Future studies should assess whether the SBST is "unidimensional
enough” to allow for the calculation of the total score, to provide a more solid argument for its use
126.

Similarly to other studies on translated versions of the SBST, the internal consistency of the total
scale and of the subscales was below the cutoff 9192193 part of the lack of internal consistency
was due to item 2's poor performance, as it had a low correlation with the physical factor in the
confirmatory factor analysis, and its removal would improve the total scale and physiological
scale's internal consistency, according to another study %. This may be due to the fact that this item
assesses comorbid neck or shoulder pain, which may be unrelated to other physical aspects of the
patient's pain experience. The SBST is not invalidated by its poor internal consistency or the lack
of correlations in item 2, and we do not believe it needs to be revised. Because the SBST contains
predictors of poor outcomes, its items may be measured using a formative model, in which the
content of the construct is defined by its indicators, rather than a reflective model, in which the
construct is assumed to be a latent factor influencing the individual's response to the items.
Therefore, low correlations between the items could be expected %, Because comorbid pain is a
significant risk factor for disability, item 2 should not be removed, as this would reduce the

predictive power of the questionnaire. As a result, more research into the SBST's and its items'
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ability to predict outcomes is required, which could provide a more solid foundation for revising
the scale.

Overall, the psychometric properties of the Italian version of the SBST were adequate. The total
score and subscale scores of the SBST had good test-retest reliability, indicating that the
questionnaire can be used to assess prognostic factors for disability outcomes in both obese and
non-obese patients with ABP. This is consistent with other studies finding that SBST has moderate
to excellent test-retest reliability °*%-1%° The construct validity of the SBST was adequate.
According to the pre-specified hypotheses, the presence of moderate correlations between the
SBST and comparison questionnaires assessing physical and psychological risk factors for
physical disability can be used as an indicator that the questionnaire measures a similar construct
but does not overlap with them. The presence of a high correlation with RMDQ has been reported
elsewhere %11 and can be explained by the fact that the presence of multiple risk factors is
associated with limitations in daily activities and therefore more disability.

There are a few flaws in this study. The differences between the two samples, which included
patients with different clinical manifestations and levels of disability, are the main limitation.
Separate reliability and validity analyses on the two samples were part of the solution. The fact
that the participants in this study came from a tertiary care hospital and a clinical osteopathic center
also limits the applicability of the findings to other clinical settings. The fact that patients received
treatments between the first and second administrations of the SBST may have influenced the test-

retest analysis. Finally, the SBST is a valid and reliable tool that can be used.
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Study I1: Kinesiophobia and pain catastrophizing as predictors of

disability and pain severity in obesity and chronic low-back pain

Abstract

Patients with chronic low-back pain and obesity have an higher risk of long-term disability. We
aimed to explore the contribution of two psychological factors (i.e., kinesiophobia and pain
catastrophizing) to disability and pain severity in chronic low-back pain associated to obesity. We
assessed pain severity, disability, pain catastrophizing, and kinesiophobia levels through a self-
reporting questionnaire in 106 patients with chronic low back pain and obesity. We assess the role
of pain catastrophizing and Kkinesiophobia on pain severity and physical disability using
hierarchical regressions. Kinesiophobia, but not pain catastrophing were significantly associated
with pain severity and physical disability. In patients with chronic low-back pain and obesity,

kinesiophobia may be a critical factor that impact on physical disability and pain severity.
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1. Introduction

Obesity is a growing public health issue 128 that has significant personal, community and financial
consequences 128, It is linked to poor physical and psychological well-being 1?°, and worse physical
functioning *°, particularly when combined with other disorders, such as pain conditions .
Obesity represents a risk factor for chronic low-back pain (CLBP) **2. CLBP is pain condition
characterized by persistent pain (lasting more than 3 months), with none recognizable mechanical
cause %3, Patients with CLBP and obesity have severe functional limitations "2 and report high

levels of disability 4,

Emotional and cognitive factors appear to influence the perception of pain *. The Fear Avoidance
Model (FAM) 313 has received increasing attention in pain research. According to this model,
patients who experience acute pain, cognitive and emotional responses to pain, such as pain
catastrophizing and kinesiophobia, could influence the development of chronic disability 913713,
Pain catastrophizing is a set of dysfunctional and negative cognitive-emotional responses to actual
or anticipated painful sensations *3°, which could lead people to magnify the threat of pain and feel
helpless 14°. Kinesiophobia is an excessive, and debilitating fear towards movement and physical
activity that result from fear of reinjury 4142, Fear of movement and catastrophization about pain
may be functional for acute pain episodes, but they appear to be maladaptive when pain becomes
chronic, because they may perpetuate physical activity aversion, worsening mobility, pain severity,
disability, and lowering the pain threshold. Vincent et al. 1** found that in patients with CLBP
affected by obesity have higher kinesiophobia than healthy weight individuals. In addition,
kinesiophobia was found to be a predictor of disability *4. In line, high levels of pain
catastrophizing appeared to be related to higher levels of disability and pain severity *°. Although

these preliminary findings are presented, more evidence is needed on the contribution of
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kinesiophobia and pain catastrophizing to pain severity and physical disability in patients with

CLBP and obesity.

In summary, we conducted a cross-sectional study to assess the association of kinesiophobia and
pain catastrophizing with physical disability and severity of pain in a sample of patients with

obesity and CLBP.

2. Materials and Methods

A cross-sectional study was performed in which 106 individuals were consecutively recruited,
from September 2018, 1% to July 2019, 31%, at the start of a month-long hospitalization at the
Istituto Auxologico Italiano, U.O. di Riabilitazione Osteoarticolare, S. Giuseppe Hospital,
Piancavallo, Italia. The sample size was estimated a priori with G.Power (version 3.1.9.4) 14
setting a medium effect size (0.15), an alpha of 0.05 and a power of .80, resulting in 92 participants.
Patients were included according to the following criteria: age in years < 70; obesity *°; chronic

pain in the lower back 4.

Exclusion criteria were: physical or mental inability to provide signed informed consent; low back
pain duration < 3 months; diagnosis of fracture, neoplasia, bone metastasis, stenosis; neurogenic
or radicular condition; neurological disease; diagnosis of other condition that could explain low

back pain; postoperative pain.

This study was approved by the Ethical Committee of Istituto Auxologico Italiano (code
2020 _02_18 04). All participants read, understood, and signed an informed consent document.
All procedures on human subjects were conducted following the Helsinki Declaration of 1975, as

revised in 1983.
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2.1 Measures

Pain severity and physical disability were assessed using the following questionnaires:

- Numerical Pain Rating Scale (NPRS) was used to assess pain severity on a 11-point scale.
The NPRS is widely used ¥ and is a reliable instrument for assessing pain severity 8, in

the case of chronic conditions *4”. Higher score indicates higher perceived pain.

- The Italian version 1% of the Roland-Morris Disability Questionnaire (RMDQ) was
administered to assess physical disability. The RMDQ has 24 dichotomous items that
assess the difficulty of performing daily tasks. Scores ranges from a minimum of 0 to a
maximum of 24. The Italian version of the RMDQ showed levels of reliability and validity
similar to the original version 1%, Higher levels of physical disability are reflected by higher

Scores.

The following questionnaire were used to evaluate pain catastrophizing and kinesiophobia:

- The Italian version of The Tampa Scale of Kinesiophobia (TSK) ' was administered to
evaluate kinesiophobia. The TSK has 13 items on a 4-point Likert scale 4%, The TSK is
widely used in patients with CLBP . The Italian version of the TSK has a good factorial
structure and acceptable psychometric properties 3. Scores range from 17 to 68, with

higher scores indicating higher levels of kinesiophobia %2,

- The Italian version of Pain Catastrophizing (PCS) ° was usedto evaluate the level of
catastrophization about pain. The PCS has 13-items on a 5-point Likert scale (from 0 =
“not at all” to 4 = “all the time”). The Italian validation has good psychometric properties
in line with the original version 1%, Score ranges from a minimum of 0 to a maximum 052.

Higher levels of pain catastrophizing are reflected by with higher scores °,
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2.2 Statistical analysis

Categorical variables were described as counts and percentages, whereas for continuous variables
means and standard deviations were computed. The contribution of the TSK score and the PCS
score to the variance of the NPRS score and the RMDQ score was evaluated with two independent
multiple hierarchical regression. NPRS score (model 1) and RMDQ score (model 2) were entered
as dependent variables. In both models, confounding variables, were entered in a first block. The
PCS score and TSK score were included in the second block. Confounding variables in model 1
were: gender, age and BMI %151, Confounding variables in model 2 were: sex, age, BMI 159151
and NPRS scores °2. AR? was used to evaluate the amount of variance in the dependent variables
explained by factors included in the second blocks compared to the first block. Jamovi (version
1.2)"3 was used to perform the statistical analysis. P-values less than .05 were considered

statistically significant.

3. Results

3.1 Participant’s characteristics

The sample was composed of 68 women and 38 men. Demographical and clinical factors, as well

as scores reported at the questionnaires, are depicted in Table 1.

Table 1. Demographic and clinical characteristics of the sample (n=106)

N (%) Mean + sd

Gender
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Female 68 (64.2)

Male 38 (35.8)

Age 57.1+9.67
Body Mass Index (kg/m?) 39.8 £5.58
Numeric Pain Rating Scale (NPRS) 6.15 +£2.45
Roland Morris Disability Questionnaire (RMDQ) 11.33+6.74
Tampa Scale of Kinesiophobia (TSK) 29.9 £7.96
Pain Catastrophizing scale (PCS) 235+111

3.2 Pain severity

The full model including gender, age, BMI, pain catastrophizing and kinesiophobia as predictors

and pain intensity as dependent variable was significant, R?=0.198, F (5,100) =4.94, p<0.001. The

inclusion of the PCS score and the TSK score explained approximately 18% additional variance

(AR?=0.177), compared to the first block that included only the confounders. Only the TSK score

significantly predicted pain severity (Table 2).

Table 2. Linear regression model evaluating the effect of control factors and psychological components of kinesiophobia and

pain catastrophizing on pain severity.

B 95% ClI p-value
Block 1: Confounding Factors
Age -0.009 -0.06 - 0.04 0.700
Gender -0.524 -1.44-0.39 0.259
BMI -0.038 -0.04-0.12 0.346

Block 2: Psychological variables
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Tampa Scale of Kinesiophobia 0.126 0.07-0.18 <0.001*

Pain catastrophizing scale 0.010 -0.03-0.05 0.528

3.3 Physical disability

The full model (including sex, age, BMI, pain intensity, pain catastrophizing and kinesiophobia)
score was statistically significant, R?= 0.339, F (6, 99) = 8.46, p < .001. Pain catastrophizing and
kinesiophobis explained approximately 10% additional variance (AR?=0.102). The TSK score was

found to significantly predict the RMDQ score (Table 3).

Table 3. Linear regression model evaluating the effect of control factors, kinesiophobia and pain catastrophizing on physical

disability.

B 95% ClI p-value
Model 1: Confounding Factors
Age 0.084 -0.03-0.20 0.162
Sex -1.424 -3.74-0.89 0.226
BMI -0.06 -0.26 —0.14 0.555
Numeric Pain Rating Scale 0.741 0.24-1.23 0.004*
Model 2: Psychological factors
Tampa Scale of Kinesiophobia 0.298 0.13-0.46 <0.001*
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Pain catastrophizing Scale 0.008 -0.09-0.11 0.874

4. Discussion

We conducted a cross-sectional study to evaluate the role of kinesiophobia and pain
catastrophizing as predictors of physical disability and pain severity in a sample of patients with
both obesity and CLBP.

Kinesiophobia is a critical factors of the FAM 37, Its role in explaining pain severity and physical
disability was previously highlighted in patients with both obesity and CLBP 4. Kinesiophobia
results from the fear of injury due to movement or physical activity. As a consequence, patients
with high levels of kinesiophobia may avoid pain-inducing movements, increasing disuse and
disability **°.

Obesity might be a key factor in explaining the significant contribution of kinesiophobia to pain
severity and disability in our sample. Obesity is often associated to respiratory difficulty, greater
movement difficulties and discomforts %6, So, patients with obesity may develop greater fear of
movement and activity aversion. Indeed, Vincent et al. 143 that patients with severe obesity and
CLBP reported higher levels of kinesiophobia compared to normal weight patients with CLBP 43,
Furthermore, they examined the relationships between LBP, kinesiophobia, and disability in
individuals with LBP and overweight >, and found that the TSK score is a significant predictor
of the severity of LBP and perceived disability . Interestingly, this previous evidence and our
study shared similar findings, even though individuals with a different range of age were
examined. Indeed, Vincent and colleagues evaluated an elderly population, while our sample

showed a wider age range.
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In contrast, we found that pain catastrophization was not significantly associated with pain severity
and physical disability. Our findings are in disagreement with previous results 138152.157.158
Nevertheless, previous studies did not specifically examined patients with obesity and CLBP.
Moreover, our sample reported moderate and severe degrees of obesity. We might hypothesize
that patients with obesity have different pain cognitions and beliefs more predominant than pain
catastrophizing. Future studies on obesity and CLBP should evaluate this hypothesis.

Several limitations must be addressed. Because of the cross-sectional design, it is not possible to
draw a causal relationship. Longitudinal studies are required to confirm the hypothesis that
dysfunctional cognitions contribute to the onset and maintenance of pain and disability in patients
with CLBP and obesity. Because the sample was composed of hospitalized patients, there is a risk
of selection bias; thus, generalization to patients in different settings should be done with caution.
Patients with CLBP and obesity may have different pain coping strategies compared to their
healthy weight counterparts. Furthermore, the drug regimen of the enrolled subjects was not
evaluated and it has been previously reported 13 that patients with obesity reported greater narcotic
consumption to manage pain symptoms compared to normal weight patients. This might suggest
that in this specific population, the use of narcotics may be a coping strategy. Furthermore, the
presence of emotional eating has not been assessed. Emotional eating might be a pain coping
strategy, as previously reported “°. This behavior might lead to positive energy balance, weight
gain, and increased pain and disability, according to a previous study **°.

However, our work has several strengths including the use of validated, reliable survey
questionnaire and a sufficient sample size. Furthermore, we examined a clinical population (i.e.,
people with CBLP and obesity) poorly considered in research.

In sum, psychological factors play a significant role in pain management. In our research, the

importance of kinesiophobia in pain severity and physical disability is highlighted. This could be
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critical in developing effective pain management rehabilitative programs. Indeed, in patients with
obesity and CLBP, kinesiophobia can be a therapeutic target to consider in interdisciplinary pain

management programs.
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Study I11: The mediating role of kinesiophobia in the association
between pain severity and disability in patients with obesity and

chronic low back pain.

Abstract

Chronic low-back pain and obesity are associated with severe functional limitations, as well as a
high level of disability. Kinesiophobia may play a key role in the relationship between pain
severity and disability. Our aim was to evaluate the mediating role of kinesiophobia in the
relationship between pain severity and disability in patients with chronic low-back pain and
obesity. A total of 213 people with chronic low-back pain and obesity completed self-report
questionnaires to assess kinesiophobia, pain severity, and disability. Kinesiophobia was found to
be a partial mediator of the association between pain severity and disability. According to our
results, kinesiophobia is an important psychological factor that should be considered in
rehabilitative programs for chronic low-back pain promote better physical functioning in patients

with obesity.

49



1. Introduction

Chronic low-back pain (CLBP) is defined as pain that persist for more than 3 months, contribute
to emotional distress, functional disability, and is not explained by another condition **°. CLBP is
the leading cause of disability worldwide 1. Despite different available treatments, such as
surgery and pharmacotherapy 162, its prevalence is increasing. The prevalence of CLBP is directly
related to higher body mass index (BMI). Indeed, obesity (defined as BMI >30 kg/m?%°) is a risk
factor for its development "% As a reulst, as the obesity rates rise, so do the rates of
musculoskeletal disorders 853, Patients with CLBP and obesity face severe functional limitations
and reported decrease physical funzioning ">'** as a result of a dual problem: movement
impariment caused by obesity, and pain interference due to CLBP % Obesity and CLBP
negatively influence each other; indeed, decreased level of physical activity due to pain contribute
to weight gain 14318 The perceived pain severity impact on the level of disability in acute low-
back 16167 and chronic low-back pain %8, However, the reduced physical functioning of patients
with acute low-back and chronic low-back pain is not entirely explained by the level of pain
intensity 1%6-18 1dentifying critical factors associated with pain severity and disability is useful to
develop rehabilitative programs. However, the mechanisms by which pain causes disability in
people with obesity and CLBP are unknown %81 |n addition to pain severity, psychological, and
social factors contribute to disability, in line with a bio-psycho-social perspective. In chronic pain
research, the fear-avoidance model (FAM)®!37170 has gained increasingly recognition. The FAM
emphasizes the role of cognitive and emotional aspects that impact on the development of chronic
pain and disability. Indeed, according to this model ®¥¥7170 pain severity and disability are

associated via psychological components( i.e. pain catastrophizing and kinesiophobia)®**"1/1,

Kinesiophobia is an dysfunctional, irrational fear of movement and physical activities, resulted

from a perception of vulnerability due to painful injury or fear of reinjury . As a result, chronic
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pain patients might associate movements with the occurrence or exacerbation of pain 179172,
contributing to deconditioning and disuse 3”1”3, Kinesiophobia is associated with pain severity >
and disability # in chronic low-back pain patients. It seems that also in patients with both obesity
and CLBP, kinesiophobia is a factor related to pain severity >®17> and disability °5’®. Moreover,
they report higher levels of kinesiophobia, higher disability and decreaed physical functioning
compared to their normal-weight patients 244, In fact, patients with obesity usually report dyspnea,
musculoskeletal discomfort, and joint pain during movements 177, These additional issues might
contribute to the perception of the physical activity as unpleasant and pain inducing. Kinesiophobia
is associated with pain severity and disability, but it is also a mediating factor that explains their
association. The FAM 137170 gytline how pain produces disability through kinesiophobia. Cross-
sectional mediation studies on chronic back pain patients 18178 and individuals with a whiplash
injury 9 have verified that kinesiophobia is a significant mediator of the relationship between
pain severity and disability. Thus, the goal of our study is to verify if kinesiophobia is a
psychological factor that can explain how perceived pain produces disability in patients with CLBP
and obesity. We performed a cross-sectional study with the goal of evaluating the mediating role
of kinesiophobia. As indicated by previous studies in chronic back-pain patients 8178 we
hypothesized that kinesiophobia would be a significant mediator of the association between pain

severity and disability in patients with obesity and CLBP.

2. Materials and Methods

The Ethical Committee of Istituto Auxologico Italiano (code 2020_02_18 04) approved the study.
All participants read, understood, and signed an informed consent document. All procedures were

conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983.
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2.1 Participants

We conducted a cross-sectional study. Participants were enrolled at the 1.R.C.C.S. Istituto
Auxologico Italiano, U.O. di Riabilitazione Osteoarticolare, Ospedale S. Giuseppe, Piancavallo,
Italia, from December 1, 2019 to February 31, 2020, at the start of a month-long hospitalization

for weight loss and physical therapy.

Patients were enrolled according to the following inclusion criteria: age in years >18 and < 65;
obesity, as measured by a body mass index (i.e., BMI computed as the weight in kilograms divided
by the square of height in meters: kg/m2) > 30 4; and CLBP, defined as low back pain duration >

3 months *’, diagnosed by a rheumatologist at the beginning of the hospitalization.

Patients were excluded according to the following criteria: physical or mental inability to provide
signed informed consent; pain duration < 3 months; diagnosis of another disease that might explain
low-back pain; diagnosis of fracture, neoplasia, bone metastasis, stenosis, which might explain the

low back pain; postoperative pain; neurogenic or radicular condition; neurological disease.

Demographic and clinical data were gathered using a self-report form administred at the beginning

of hospitalization.

2.2 Measures

Disability was measured using the Italian version % of the Roland-Morris Disability
Questionnaire (RMDQ)*®. The RMDQ has 24 dichotomous items evaluating the level of difficulty

in performing daily activities. The total score ranges from 0 to 24. Higher scores indicate higher
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levels of disability. The Italian version of the RMDQ has reliability and validity comparable to the

original version 1%, In the current study, internal consistency was good (Cronbach’s a=0.82).

The Numerical Pain Rating Scale (NPRS)8! was administred to evaluate pain severity through an
11-point scale (anchors 0= no pain, 10= worst possible pain). The NPRS is a widely accepted,

reliable and valid measure of pain in chronic pain patients 147148,

Kinesiophobia was evaluated using the Italian version '3 of the Tampa Scale of Kinesiophobia
(TSK) 3. The TSK has 13 items on a 4-point Likert scale ranging from “strongly disagree” to
“strongly agree” °. Two sub-scales relative to activity avoidance (i.e., belief that activities
causing pain should be avoided) and harm (i.e., belief that pain is a sign of bodily damage) can be
computed. The total score ranges from 13 to 52 whit higher scores reflecting higher levels of
kinesiophobia 3. The Italian version of the TSK has good factorial structure and acceptable
psychometric properties 113, In the current sample, the internal consistency of this measure was

excellent (Cronbach’s 0=0.90).

2.3 Statistical analysis

Descriptive statistics were calculated in terms of means, standard deviations, and ranges for

continuous variables, and frequencies and percentages for categorical variables.

Pearson's correlation was performed to evaluate the relationship between age, BMI, and PNRS,
TSK, and RMDQ scores. Point-biserial correlation was performed to evaluate the relationship
between age, BMI, PNRS, TSK, and RMDQ scores, as well as sex. Cohen's classification system

was used to classify correlation coefficients*®? (.10=small; .30=medium; .50=large). Highly
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correlated variables that indicate multicollinearity (r > 0.90), or variables not correlated with pain

severity or disability, were excluded from the subsequent mediation analyses.

A simple mediation analysis was performed. In our model, kinesiophobia (M) was included as a
mediator in the relationship between pain severity (i.e., predictor, X) and disability (i.e., outcome,

Y), see Figure 1.

Four steps had to be met to confirm mediation® : i) pain severity should be related with disability
(total effect; ¢ path=c¢’+ a x b); ii) pain severity should be related with kinesiophobia (a path); iii)
controlling for pain severity, kinesiophobia should be significantly associated with disability (b
path); iv) the relationship between pain severity and disability should be reduced (direct effect, ¢’

path) when controlling for kinesiophobia (indirect effect, a x b).

The mediational analysis was performed using Jamovi 1.2 153, Bias-corrected bootstrap confidence
intervals (CI1-BC) for inference about indirect effects was used. It does not require the assumption
of normality and reduce the type | error 18418 An estimate of the indirect effect was computed
from the mean of 5000 bootstrap samples and 95 % CI-BC. The indirect effect is considered

statistically significant when confidence intervals (CI-BC) do not include zero.

The empirical power tables proposed by Fritz and Mackinnon 8¢ for mediation models suggest
that the sample size of this study is sufficient for a mediated effect including small-to-medium

(.26) a and b paths with a .80 power.

Figure 1. Conceptual diagram of the mediation model tested in this study.
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Total effect, ¢ path
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Pain Intensity Disability
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Note. (A) is the primary relationship between pain intensity and disability, with the total effect labeled c. (B) The

direct effect (c *) is the effect of pain on disability after controlling for the mediator variables. ‘a path’ is the association

between pain intensity and kinesiophobia. ‘b path’ is the association between kinesiophobia and disability controlling

for pain intensity.

Table 1. Demographic and clinical characteristics of the sample (n=213)

n (%) Mean * sd Range (min-max)
Sex M= 68 (31.9); F=145 (68.1)
Age (in years) 213 56.8+ (9.93) 26-65
BMI (Kg/m?) 213 44.9 +(8.81) 30-60
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PNRS 213 6.21 % (2.33) 2-10

TSK 213 304 £ (7.72) 13-50

RMDQ 213 12.5 + (5.68) 3-24

Note. M= male; F= female; BMI: Body Mass Index; PNRS: Pain Numeric Rating Scale; TSK: Tampa Scale of Kinesiphobia;

RMDQ: Roland Morris Disability Questionnaire.

3. Results

3.1 Participants’ characteristics

This study enrolled a total of 213 people. Table 1 summarizes participant demographic and clinical
characteristics, as well as means, standard deviations, and ranges for the three primary measures
(i.e., PNRS: Pain Numeric Rating Scale; TSK: Tampa Scale of Kinesiphobia; RMDQ: Roland

Morris Disability Questionnaire).

3.2 Preliminary data analysis

Correlation coefficients between PNRS, TSK, and RMDQ were less than 0.90 indicating the
absence of multicollinearity 8. Age, sex, and BMI were not significantly correlated with neither
NPRS scores nor RMDQ scores (Table 2). As a result, these factors were not entered in the

mediation model 188,
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Table 2. Pearson and point-biserial correlations coefficients between age, sex and BMI with the measures of pain intensity,

kinesiophobia and disability.

Age (in  Sex BMI PNRS TSK RMDQ
years)

Age (in years)

Sex 0.058 -

BMI (Kg/m?) 0.110 -0.035 -

PNRS 0.057 -0.110  -0.035 -

TSK 0.055 0.076 0.006 0.281***

RMDQ 0.048 -0.126 0.131 0.275%** 0.373***

Note. BMI: Body Mass Index; Pain Numeric Rating Scale; TSK: Tampa Scale of Kinesiphobia; RMDQ: Roland Morris

Disability Questionnaire. * p <.05, ** p <.01, *** p <.001

3.3 Mediation analysis

A significant total effect of the level of pain severity on the level of disability was found (i, total
effect; c path), (b=0.669, SE=0.157, p<.001). Path a (ii, association between pain intensity and
kinesiophobia), (b=0.931, SE=0.223, p<.001, 95% BC-CI: 0.499, 1.360) and path b (iii;
association between kinesiophobia and disability), (b=0.236, SE=0.049, p<.001, 95% BC-

ClI:0.137,0.330) were significant. The indirect effect via kinesiophobia (iv; axb path) was
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significant (b=0.220, SE=0.075, p=0.002, 95% BC-CI: 0.094, 0.377). The direct effect (iv; ¢’) was

reduced compared to the total effect (c), but remained significant (b =0.449, SE =0.161, p= 0.005).

Our results highlighted that kinesiophobia partially mediate the association between the level of

pain severity and the level of disability. Results are reported in Table 3.

Table 3. Results of the simple mediation analysis investigating the level of kinesiophobia as a mediator between the level of

pain intensity and the level of disability

Path Estimates

b SE LLCI ULCI z p-Value
Effect of pain intensity on kinesiophobia (a path) 0.931 0.223 0.499 1.360 4.17 <.001***
Effects of kinesiophobia on disability (b path) 0.236 0.049 0.137 0.330 4.77 <.001***
Effect of pain intensity on disability (c”) 0.449 0.160 0.126 0.759 2.79 0.005**
Mediation Estimates

b SE LLCI ULCI Zz p
Indirect effect of pain intensity on disability through 0.220 0.073 0.094 0.377 3.03 0.002**
kinesiophobia (a x b path)
Total effect of pain intensity on disability through 0.669 0.157 0.356 0.966 4.25 <.001***

kinesiophobia (¢’+ a X b)
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Note. SE: standard error; LLCI: lower level of the 95% confidence interval; ULCI: upper level of the 95% confidence interval;

Confidence intervals computed with Bias Corrected bootstrap method. *p < .05, ** p < .01, *** p <.001

4. Discussion

In line with previous evidence °8, kinesiophobia is associated with pain severity and disability in
patients with obesity and CLBP. This study adds to previous evidence by evaluating kinesiophobia
as a mediator. Our hypothesis according which kinesiophobia partially mediates the relationship
between pain intensity and disability was confirmed.

Our results are in line with previous evidence 16817818 that investigated this relationship in patients
with whiplash-associated disorders and CLBP, and they add to the body of evidence supporting
the FAM 137170,

Our findings contribute to a better understanding of the psychological factors that contribute to
disability. Intervening solely on perceived pain severity may be ineffective for reducing disability.
Pain can be considered a necessary but not sufficient condition for chronic disability, because not
all patients with CLBP become chronically disabled %!, Our finding about the role of
kinesiophobia as a mediator may help to identify the conditions under which patients develop
disability. Pain can cause fear of injury and movement contributing to avoidance, which results in
functional impairment °. Beside the role of pain severity, the mediating effect of kinesiophobia
indicated that the response to the pain (in this case, fear of movement and re-injury) may contribute
to disability because kinesiophobia prevents the individual from confronting pain. Indeed, the
FAM ° hypothesizes that confrontation, as opposed to avoidance, is an adaptive pain-coping

strategy that leads to fear reduction.
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Our results have several clinical implications. The development of tailored treatments for CLBP
requires the identification of mechanisms that lead to the development, maintenance, and impact
of disability. Kinesiophobia might be a therapeutic target intervention especially in patients with
obesity. Indeed, patients with obesity and CLBP might not fully engage in physical therapy and
exercise. A gradual exposure to pain-inducing movements might be beneficial to reduce
kinesiophobia %2, Physicians, physical therapists and psychologists might help patients through
the physical and psychological transition from living in a “pain-restricted” to a “pain-managed”
state 76,

Several limitations must be addressed. We couldn't draw causal relationship because of the cross-
sectional design. To overcome this limitation, longitudinal studies should be performed. The
sample is not representative of the overall population of patients with obesity and CLBP because
we enrolled participants in a care-seeking population recruited from a single center. Because our
findings support a partial mediation, the presence of other mediators that were not considered in
this study should be examined in future studies.

However, this study has several strengths. Indeed, to our knowledge, this was the first study
investigating the role of kinesiophobia in patients with obesity and CBPL. Future research could
assess how much kinesiphobia affects behavior by using objective measures, such as the actual
level of physical activity levels measured through a pedometer or clinical tests such as the six-
minute walking test 1%, The current study adds to our understanding of the psychological factors
that influence disability. Kinesiophobia mediated the relationship between pain intensity and
disability in people with CLBP and obesity, according to the findings. The importance of
kinesiophobia as a factor that should be evaluated and targeted in rehabilitation interventions to

reduce disability in CLBP associated with obesity was highlighted by our findings.
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Overall conclusion

The goal of the first study was to evaluate the SBST's factorial structure, test-retest reliability, and
construct validity in a group of Italian patients with low back pain and/or obesity. The findings
indicate that this instrument evaluates the physical and psychological aspects of a patient's pain
experience, as well as its internal consistency, test-retest reliability, and construct validity. This
tool can be easily implemented in clinical practice in patients with pain to screen those who are at
risk for chronic pain, and in patients with chronic pain to monitor improvement following
treatment and identify the most influential psychosocial factors on which to intervene. The goal of
the second study was to see if kinesiophobia and pain catastrophizing played a role in explaining
pain intensity and physical disability in a group of people who had obesity and CLBP. According
to the findings, kinesiophobia, but not pain catastrophizing, was found to be a significant predictor
of both subjective pain intensity and physical disability. Obesity, we might assume, plays a key
role in explaining the importance of kinesiophobia in our sample. As a result of the associated
pathologies, such as breathing difficulties, increased movement difficulties, and discomforts,
individuals affected by obesity may develop greater aversion and fear of movement.

In contrast, we found that pain catastrophizing was not significantly associated with pain intensity
or physical disability; this finding appeared to contradict previous evidence3"**81%" Qur sample,
on the other hand, is primarily made up of people who are moderately or severely obese. We can
assume that different pain cognitions are more prevalent in obese people than pain catastrophizing.
The role of kinesiophobia as a mediator was confirmed in the third study, which added to previous
findings. We hypothesized that kinesiophobia mediates the relationship between pain intensity and
disability to some extent. Our findings appeared to back up our theory that kinesiophobia plays a

role in the relationship between pain intensity and disability. Our findings help us to better
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understand the psychological factors that cause disability. Focusing solely on pain intensity, as
recently discussed %191 may be ineffective in the treatment of chronic pain. Aside from pain
intensity, the mediating effect of kinesiophobia suggests that how a person reacts to pain (in this
case, fear of movement and reinjury) may play a role in disability. Furthermore, kinesiophobia
prevents a person from confronting pain or engaging in fear-inducing movements. A better
understanding of the mechanisms that lead to the onset, maintenance, and impact of disability is
needed to develop more tailored treatments for CLBP. We proposed that kinesiophobia can be
addressed in therapeutic interventions, particularly in the case of associated obesity, because
people with obesity and CLBP may not fully engage in treatments (e.g., physical therapy and
exercise). Gradual exposure to movements that the patient associates with fear during supervised
rehabilitation may be beneficial in reducing kinesiophobia. It is also good to emphasize that having
kinesiophobia as a target of the intervention can lead to a double advantage. Allowing the patient
to better manage pain and correct their pain expectations and better adhere to rehabilitation
programs that include physical activity, with a double benefit, both on pain and obesity, creating
a virtuous circle.

Taken together, our results underscore the importance of a multidisciplinary approach that
considers psychological aspects in the treatment of chronic low back pain. Screening to identify
patients most prone to chronic pain could be useful in improving the trajectory of pain in the
chronic phase. It appears from our studies that particularly in the population of CLBP sufferers
with obesity kinesiophobia seems to be more significant as a factor than well-established pain
catastrophizing. Psychological interventions aimed at the analysis of beliefs related to pain and
movement may promote a better adherence to a rehabilitation program that includes physiotherapy
and adapted physical activity. Future research will need to assess whether the implementation of

psychological interventions targeting this population also impact physical functioning.
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Part I1: Psychological factors in patients with fibromyalgia and

obesity
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Introduction

1. Diagnostic criteria

Fibromyalgia (FM), the most common cause of widespread musculoskeletal pain, is estimated to
affect 2% of the general Italian population 1%, It is charactherized by tenderness at specific points,
fatigue, stiffness and widespread pain. Diagnosing FM can be difficult, and according to a global
survey, it takes an average of 2.3 years to get a diagnosis after the first symptom appears %.

The first diagnostic criteria for fiboromyalgia were developed by Smythe in 1979. Subsequently,
Bennet in 1981, Yunus in 1981, and Wolfe in 1985 also contributed to their development.
Widespread pain fatigue and poor sleep were the main criteria. In 1989, Yunus, Masi, and Aldag
published their diagnostic criteria for primary fibromyalgia. They included tender points,
widespread pain, pain in seven sites (hands, shoulders, neck, lower back, hips, knees, ankles),
fatigue, poor sleep quality, anxiety, and irritable bowel syndrome. Criteria included the presence
of pain or stifness in 4 or more anatomic sites for three months or more, for which the presence of
another condition that could explain the symptomatology was excluded.

In 1990, the American College of Rheumatology published criteria for the classification of primary
and secondary fibromyalgia. The ACR criteria are: widespread pain in at least 11 of the 18 tender
points on palpation; widespread pain is defined as pain that at least lasts for 3 months, occurred
axially, on the right and left side of the body both above and below the waist. Other symptoms
were included, although not mandatory for the diagnosis including fatigue, morning stifness, sleep
disturbances. Following the publication of the 1990 criteria, a debate arose about the central role
of tender points for diagnosis. In fact, tender points seem to be present even in individuals without

widespread pain pain.
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Fig. 1. Tender points locations for the 1990 classfication criteria for fibromyalgia

Occiput (2) - at the suboccipital muscle
insertions

Low cervical (2) - at the anterior aspects of
the intertransverse spaces at C5-C7

Trapezius (2) - at the midpoint of the upper
border

Supraspinatus (2) - at origins,
above the scapula spine near the medial
border

Second rib (2) - upper lateral to the second
costochondral junction

Lateral epicondyle (2) - 2 cm distal to the
epicondyles

Gluteal (2) - in upper outer quadrants of
buttocks in anterior fold of muscle

Greater trochanter (2) - posterior to the
trochanteric prominence

Knee (2) - at the medial fat pad proximal to the
joint line

Table 1. ACR 1990 diagnostic criteria

The American College of Rheumatology 1990 criteria for the classification of FM

1. Widespread Pain

Pain is considered widespread when all of the following are present: pain in the left side of the body. Pain in the right side of
the body, pain above the waist, and pain below the waist. In addition, axial skeletal pain (cervical spine or anterior chest or
thoracic spine or low back) must be present. In this definition. Shoulder and buttock pain is Considered as pain for each involved

side. "Low back" pain is considered lower segment pain.

2. Pain in 11 of 18 tender points sites on digital palpation

Pain, on digital palpation, must be present in at least 11 of the following 18 tender point sites:

Occiput: bilateral, at the suboccipital muscle insertions.

Low cervical: bilateral, at the anterior aspects of the intertransverse spaces at CSX7.

Trapezius: bilateral, at the midpoint of the upper border.

Supraspinarus: bilateral, at origins, above the scapula spine near the medial border.

Second rib: bilateral, at the second costochondral junctions, just lateral to the junctions on upper surfaces Lareral epicondyle:
bilateral, 2 cm distal to the epicondyles.

Gluteal: bilateral, in upper outer quadrants of buttocks in anterior fold of muscle.
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Greater trochanter: bilateral, posterior to the trochanteric prominence.

Knee: bilateral, at the medial fat pad proximal to the joint line.

Digital palpation should be performed with an approximate force of 4 kg. For a tender point to be considered "positive" the
subject must state that the palpation was painful. "Tender" is not to be considered "painful.

For classification purposes, patients will be said to have fibromyalgia if both criteria are satisfied. Widespread pain must have

been present for at least 3 months. The presence of a second clinical disorder does not exclude the diagnosis of fibromyalgia.

The ACR then published in 2010 other diagnostic criteria that were more simple and usable in
clinical practice. The widespread pain index (WPI scale), which is designed to indicate the number
of body areas (rage 0-19) reported as painful by the patient, replaced the strict tender points
examination in the new study. The Symptom Severity Scale was created to finally include the three
main core symptoms of FM, in addition to pain: non-refreshed sleep, fatigue, and cognitive
problems. SS is calculated by adding the severity of the three symptomatic areas, as well as the
overall somatic symptoms.The criteria included a score of at least 7/19 on the widespread pain
index scale; at least 5/12 on the symptom severity scale; or at least 3-6 on the widespread index
and at least 9/12 on the symptom severity scale. The WPI includes 19 non-articular pain sites;
meanwhile, the SSS measures the severity of three major symptoms (fatigue, trouble thinking or
remembering, waking unrefreshed), and the severity of the somatic symptoms in general, rated by
the physician. While for this classification, the SSS score required physician evaluation, a further
change in 2011 removed the physician assessment of the extent of somatic symptoms and replaced
it by a summary score of three self-reported symptoms, making it easier to use. This modification
enabled researchers to use these criteria in epidemiological and clinical studies without the

requirement for an examiner.

Fig. 2 The 2010 ACR diagnostic criteria
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Crteria

A patient satisfies modified ACR 2010 fibromyalgia diagnostic critenia if the following 3 conditions are met: (1)
Widespread Pain Index = 7 and Symptom Severity Score = 5 or Widespread Pain Index between 36 and
Symptom Severnty Score 2 9. (2) Symptoms have been present at a similar level for at least 3 months. (3) The
patient does not have a disorder that would otherwise sufficiently explain the pain.

Ascertainment
1). Widespread Pain Index (WPI): Note the number of areas in which the patient has had pain over the last week.
In how many areas has the patient had pain? Score will be between 0 and 19.

Shoulder girdle, Lt. Hip (buttock, trochanter), Lt. Jaw, Lt. Upper Back
Shoulder girdle, Rt. Hip (buttock, trochanter), Rt. Jaw, Rt. Lower Back
Upper Arm, Lt. Upper Leg, Lt. Chest Neck

Upper Arm, Rt. Upper Leg, Rt. Abdomen

Lower Arm, Lt. Lower Leg, Lt.

Lower Arm, Rt. Lower Leg, Rt.

2). Symptom Seventy Score: Fatigue; Waking unrefreshed; Cognitive symptoms.

For the each of these 3 symptoms, indicate the level of seventy over the past week using the following scale:
0 = No problem; 1 = Slight or mild problems; generally mild or intermittent; 2 = Moderate; considerable prob-
lems; often present and/or at a moderate level; 3 = Severe: pervasive, continuous, life-disturbing problems.

The Symptom Severity Score is the sum of the severity of the 3 symptoms (fatigue, waking unrefreshed, and cog-
nitive symptoms) plus the sum of the number of the following symptoms occurring during the previous 6 months:
headaches, pain or cramps in lower abdomen, and depression (0—3). The final score is between 0 and 12.

Lastly, after the 2016 revision, fiboromyalgia could be diagnosed the following criteria are met: 1)
WPI > 7/19 pain sites and SSS > 5/12 or WPI between > 3-6/19 and SSS > 9/12); 2) symptoms
have been present at a similar level for at least 3 months; 3) the patient does not have another
disorder that would otherwise sufficiently explain the pain; 4) generalized pain, defined as pain in

at least 4 of 5 regions, is present.

Fig. 3 Modification to the 2010 ACR criteria
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2016 Changes to modified ACR fibromyalgia diagnostic criteria

This revision makes the following changes to the fibromyalgia criteria shown in Table 3.

(1) Changes criterion 1 to “widespread pain index (WPI) > 7 and symptom severity scale (SSS) score > 5 OR WPI 4-6 and SSS score > 9" (WPI minimum must be >4
instead of previous > 3).

(2) Adds a generalized pain criterion (criterion 2), and one that is different from the 1990 widespread pain definition. The definition is: “Generalized pain is defined as
pain in at least 4 of 5 regions. In this definition, jaw, chest, and abdominal pain are not evaluated as part of the generalized pain definition.”

(3) Standardizes and makes 2010 and 2011 criterion (criterion 3) wording the same: “Symptoms have been generally present for at least 3 months.”

(4) Removes the exclusion that regarding disorders that could (sufficiently) explain the pain (criterion4) and adds the following text: “A diagnosis of fibromyalgia is valid
irrespective of other diagnoses. A diagnosis of fibromyalgia does not exclude the presence of other clinically important illnesses.”

(5) Adds the fibromyalgia symptom (FS) scale as a full component of the fibromyalgia criteria.

(6) Creates one set of criteria instead of having separate physidan and patient criteria by replacing the physician estimate of somatic symptom burden with
ascertainment of the presence of headaches, pain or cramps in lower abdomen, and depression during the previous 6 months.

Forms and pain maps to aid in ascertainment are available at (https: //medidne.umich.edu/sites/default/files/content /downloads/ MBM320w#%205S1%202016 pdf)
(Michigan Pain Map) and (https://www.arthritis-research.org/sites/default/files/editor/P/M%20Diagnostic20Criteria¥20Survey%20Questionnaire¥20%282013%29.pdf)
National Data Bank for Rheumatic Diseases (NDB) fibromyalgia diagnosis form.

Many fibromyalgia cases do not exactly match a standardized set of diagnostic criteria. Although
some healthcare providers have labeled it as such, it is not thought to be a diagnosis of exclusion.
Because there are no universally applicable absolute, definitive diagnostic criteria, providers
frequently settle on this diagnosis after ruling out other possibilities 1%, Because symptoms are
vague and generalized, diagnosis is difficult and frequently missed. Despite this, almost every
patient mentions three main symptoms: pain, fatigue, and sleep disturbance . Pain is usually
diffuse, multifocal, deep, gnawing, or burning. It is migratory and waxes and wanes frequently. If
this is the case, fibromyalgia should be suspected, as this type of pain is frequently not caused by

inflammation or damage in the area of interest.

2. Symptoms

FM is primarily characterized by widespread chronic pain (CWP) in multiple areas of the body.
However, a variety of other symptoms are associated with the disease 1°¢1%. Even though the ACR

criteria specify as the main symptoms fatigue, non-restorative sleep, and cognitive disorders,
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patients frequently report another pattern of symptomatology: hyperalgesia, stiffness, headache,

irritable bowel syndrome, restless leg syndrome, and psychological issues 2%,

2.1 Pain

There are specific causes of widespread pain (e.g., inflammatory rheumatic disease and diffuse
bone metastases), but there are no specific causes of somatic disease in most patients with CWP
201 Pain is the primary symptom of FM, which is felt primarily in the musculature and is linked to
the sensitization of the CNS pain pathways.

Desmeules et al. 2% found that patients with fibromyalgia have increased sensitivity to a wide
range of stimuli (e.g. mechanical, ischemic pressure, or heat and cold). Pain has been linked to
distress in some studies, and some psychological factors, such as catastrophizing and
hypervigilance, have been shown to influence how we detect pain 2%,

Petzke and colleagues conducted a series of studies using randomized pressure stimuli to avoid
pain stimuli predictability 2°*. They came to the following conclusions: first, when stimuli were
randomized, levels of distress had no effect on pressure pain thresholds; second, FM patients were
more sensitive than controls, even with randomized stimuli; and third, FM patients did not show
more hypervigilance than controls.

Furthermore, pain is aggravated by cold, protracted inactivity; weather changes, and sleep

disorders, as often reported by the patients.

2.2 Sleep disturbances
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According to one study, 70% of FM patients complained of waking unrefreshed after non-
restorative sleep (NRS) 2%°. NRS causes energy depletion and fatigue throughout the day, as well
as impairments in physical and mental functioning during the day. Patients reported taking longer
to fall asleep, as well as frequent waking up during the night, which resulted in an un-refreshed
wake-up in the morning, resulting in fewer hours of sleep than healthy controls and/or patients
with other diseases 2%. Many clinicians have offered specific treatments for sleep disorders (such

as obstructive sleep apnea, upper airway resistance, and periodic limb movement).

2.3 Fatigue

The presence of fatigue and pain in the same person has a long history in medical literature, having
been described previously in the ‘neurasthenia' condition, which was once thought to be the
previous term for fibromyalgia.

Even though fatigue is a natural part of life, it is one of the most common symptoms of FM, which
is described as physically and mentally exhausting. For at least 6 months, it is estimated that about
80% of patients had the same symptoms as those needed to diagnose chronic fatigue syndrome:
joint and muscle pain, unrefreshing sleep, sore throat, and fatigue 2°’. Due to the many other
conditions reported by patients, the cause of fatigue is not fully understood. Sleep disorders, pain,
and pharmacological treatments (tricyclic antidepressants and even opioids) could all be identified
as precursors. The fatigue is usually worse when you first wake up, improves gradually throughout
the morning, and then worsens again in the late afternoon 2%, Although this association has been
studied as a positive correlation in other rheumatic conditions, its causality remains unknown 2%,
It's also possible that pain contributes to fatigue by exacerbating mood or sleep disorders. Although

these findings suggested that a primary sleep disturbance may be at the root of FM symptoms,
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another viewpoint is that pain may cause slow-wave sleep disruptions, resulting in unrefreshed

wakening and fatigue throughout the day.

2.4 Fibro-fog

The majority of FM patients experience cognitive deficits, particularly short-term memory loss,
multitasking difficulties, and poor concentration. The so-called "Fibro-fog™ is a cluster of cognitive
complaints in FM patients 21°. FM patients rate their cognitive performance as significantly worse
when compared to healthy controls or patients with other rheumatic or chronic pain conditions 2.
In any case, it's still unclear whether the subjective complaints reflect an objective function deficit
or a patient's uncorrected perception. When FM patients were compared to healthy subjects of the
same age, they had lower working memory, free recall, and verbal fluency, but no differences in
information processing speed were found. When compared to an older population without FM, the
FM sample performed similarly in terms of working memory and free recall, had a lower
vocabulary, and processed information faster. It's also worth noting that cognitive delay appears
to be linked to pain, but not to anxiety or depression symptomatology 2*2. In a recent review,
Bertolucci and colleagues found that most FM patients have poor working memory, attention, and
executive functions 213, Furthermore, attention and, in particular, executive function are two
functions that lack a universally accepted definition, making it difficult to distinguish minor
differences in cognitive impairment. Attention and working memory deficits in FM patients

become apparent when distractors or competing stimuli are added to the method 24,

3. Fibromyalgia etiology
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Fibromyalgia's etiology and pathogenesis are still poorly understood and several factors appear to
be involved, including central and autonomic nervous system dysfunction, neurotransmitters,
hormones, immune system, external stressors, psychiatric aspects. The main mechanism involved
is central sensitization, which is defined as an increased response to stimulation mediated by CNS
signaling 2%°. Central sensitization is caused by increased nerve activity, enlarged receptive fields,
and enhanced stimulus responses transmitted by primary afferent fibers 2. The “windup,” which
reflects the increased excitability of spinal cord neurons, appears to be an important involved
phenomenon: after a painful stimulus, subsequent stimuli of the same intensity are perceived as
stronger 2’. This occurs normally in everyone, but it is excessive in fibromyalgic patients. The
descending inhibitory pain pathways modulate spinal cord responses to painful stimuli are
imparide in indiviuals affected by FM and they may play a significant role in the etiopatogenic
mechanism. Psychiatric issues appear to play a significant role in the development of fibromyalgia.
Patients with fibromyalgia have a higher rate of psychiatric disorders than those with other
rheumatic diseases 2!8. Anxiety, dysthymia, panic disorders, posttraumatic stress disorder, and

depression are the most common 28219,

4. Disability in fibromyalgia

Fibromyalgia can have a negative impact on almost every aspect of a patient's life, resulting in
significant functional impairment and difficulties performing daily and work-related activities 22°.
Disability is defined by the International Classification of Functioning, Disability, and Health as a
combination of impairments (physical and/or mental function abnormality or loss), activity
limitations (difficulties performing various activities), and participation restrictions (difficulties in
social life) 22, Clinical assessments and self-reported questionnaires such as the 36-Item Short-
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Form Health Survey, Health Assessment Questionnaire (HAQ), Fibromyalgia Impact
Questionnaire (FIQ), and Revised Fibromyalgia Impact Questionnaire can be used to determine
the impact of fibromyalgia on quality of life, functionality, and employment ability. Because of
the complexity and multi-symptomatic nature of fibromyalgia, a multidimensional assessment is

required to evaluate various aspects of a patient's life 222,

5. Treatment

5.1 Pharmacological treatment

Tricyclic antidepressants (TCAS) are designed to raise serotonin and/or norepinephrine levels in
the central nervous system. They work by preventing serotonin and norepinephrine from being
reabsorbed. The discovery of the alpha-delta NREM sleep abnormality, which was analyzed
during a polysomnography study of FM patients, led to the use of TCAs in the treatment of FM.
Further research and evidence came from studies on patients' personalities and family histories,
which revealed higher rates of affective disorders, particularly depression 22224 Arnold and
colleagues analyzed 9 placebo-controlled studies of TCAs and found that they had a moderate
effect on FM patients' symptomatology 22°. TCAs have recently been largely replaced by a newer
class of antidepressants known as Selective Serotonin Reuptake Inhibitors (SSRIs) and Serotonin
and Norepinephrine Dual Reuptake Inhibitors (SNRIs). Fluoxetina was introduced in 1988 to
alleviate the side effects (constipation, orthostatic hypotension, dry mouth, and urinary retention)
and has since become one of the most widely used SSRIs in the United States, owing to its
favorable side effects. The majority of SSRI studies on FM used a randomized placebo-controlled
trial, and no significant differences were discovered 28, Due to its favorable side effects, fluoxetina
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was introduced in 1988 to alleviate the side effects (constipation, orthostatic hypotension, dry
mouth, and urinary retention). It has since become one of the most widely used SSRIs in the United
States. A randomized placebo-controlled trial was used in the majority of SSRI studies on FM, and
no significant differences were found 22°. The FDA approved pregabalin as the first drug for the
treatment of FM. It is a type of antiepileptic drug that is commonly used to treat a variety of chronic

pain conditions 2%’

5.2 Nonpharmacological treatment

The three most well-studied non-pharmacological treatments for FM patients are psychoeducation,
cognitive-behavioral psychotherapy, and physical exercise. These treatments improved overall
functioning and continued to do so even after a year 228, Physical activity is strongly recommended:
although it has not been proven which exercise is the best, aerobic exercises combined with
stretching elements have been shown to be effective in reducing symptoms and hyperalgesia 2%°.
In order to engage patients in an exercise treatment that is enjoyable and easy to adhere to, general
recommendations suggest starting with a low intensity-impact level. They can also add different
types of exercises or gradually increase the intensity level. Reduce the intensity or duration of the
exercise while attempting to maintain the frequency to avoid frustration 23°. According to a recent
review by Williams 23!, pharmacologic treatments improved functional status for just over 10% of
patients, indicating that a more multidimensional approach is needed. CBT (cognitive behavioral
therapy) is a type of psychotherapy that combines behavior therapy and cognitive psychology.
CBT treatment aims to modify the dynamic connection between individuals, their social network,
improving their quality of life and better adapting to the disease, according to the biopsychosocial
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model of FM disease. CBT therapies typically focus on challenging maladaptive coping strategies
(e.g., catastrophizing) and encouraging the development of goals for more adaptive behaviors (e.g.,

sleep hygiene)?32.

6. Psychosocial factors related to FM

Psychiatric disorders and psychological distress are common features of FM, and they may

contribute to the symptomatology's manifestation, persistence, and intensification 2%

. Negative
events, stressful environments, or physical/emotional traumas may serve as predisposing
factors?®, In FMS, there is evidence of a high prevalence of psychiatric comorbidities (particularly
depression, anxiety, borderline personality, obsessive-compulsive personality, and post-traumatic
stress disorder), all of which are linked to a poor clinical profile®*2%, In addition, FMS patients
have high levels of negative affect, neuroticism, perfectionism, stress, anger, and alexithymia*¢-
239.

Personality is also another field of interested in FM?%. Indeed, several personological
carastheristics has been studied. Alexithymia, which literally means "no words for feelings,” is a
complex personality trait characterized by an inability to recognize and describe one's own
feelings, as well as a lack of imagination and a thinking style that is externally oriented?*.
Alexithymia is characterized by a variety of cognitive and emotional characteristics that has been
observed in a variety of clinical conditions, particularly psychosomatic disorders?*!. The main
features of alexithymia are difficulty identifying and describing subjective feelings, difficulty
distinguishing between feelings and bodily sensations of emotional arousal, restricted imagination
processes®*2. As a result, alexithymic people have trouble distinguishing physical sensations like

somatic manifestations of emotions, and they may misinterpret their emotional arousal as
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symptoms of disease?*3. As a result, they are more likely to mistakenly attribute emotional-related
physical symptoms to physical disease and to seek medical attention for symptoms for which there
are no medical explanations?*. Increased negative affects, chronic sympathetic hyperarousal, and
impaired immune status are thought to result from an inability to emotionally regulate, particularly
negative feelings, which can lead to the development or exacerbation of somatic disease and pain
245.

Patients with FM reported higher levels of alexithymia than healthy controls in several previous
studies 23724, Indeed, alexithymia is thought to play a role in somatoform disorder?*® and chronic
pain patients®*”: more specifically, it is thought that alexithymia causes patients to exaggerate

bodily sensations, particularly those associated with emotional arousal 248,

7. Psychological flexibility model

Beside the Fear Avoidance Model, another model has recently gained recognition. The
psychological flexibility (PF) model is one that may provide integration, effective guidance for
research and treatment development, and fuel progress. The PF model consists of six
interconnected processes: acceptance, cognitive defusion, flexible present-focused attention, self-
as-observer, values, and committed action 2%°. According to McCracken et al. %, acceptance is the
ability to open up to unpleasant experiences and not fight them when doing so serves one's goals
The ability to experience a distinction between thoughts and the things they describe, as well as to
contact experiences directly without being dominated by the meaning and influences carried in
thoughts, is known as cognitive defusion. Moment-to-moment awareness, also known as flexible

present-focused attention, is a capacity that can be developed through mindfulness meditation.
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The ability to experience a perspective where we are neither defined by nor harmed by our own
thoughts and feelings is known as self-as-observer. Values are desires or qualities that we define
as important and can be reflected in behavior. They are freely chosen, ongoing, and feed into goals.
Committed action is the ability to stick to a goal-oriented course of action that can withstand
setbacks and keep moving forward.

In the field of chronic pain, the PF model is still in its infancy. However, some of its six constituent
processes are gaining traction, particularly acceptance %252, Unlike the current FA model, which
is a disability model with a narrow focus on recovery, the psychological flexibility model is
completely symmetrical, presenting both how problems arise and how to solve them?P.
Acceptance, cognitive defusion, flexible awareness of the present, perspective-taking, values, and
committed action are all processes of resilience and action for every process of suffering and

behavior restriction.

Fig 4. The psychological flexibility model
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8. Research project goals

The second part of this thesis project focused on another chronic pain condition, fibromyalgia.
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Four studies will be presented. The first study aimed to evaluate the reliability and agreement of a
self-administered questionnaire for diagnostic screening for fibromyalgia with a diagnosis made
by a rheumatologist.

The second study evaluated the contribution of two psychological variables pain catastrophizing
and pain acceptance in explaining self-report disability and performance-based disability.

The third study evaluates the role of pain catastrophizing, kinesiophobia and pain acceptance as
mediators of the relationship between pain intensity and pain disability.

The last study evaluated the mediational role of pain catastrophizing, pain acceptance and
kinesiophobia in the association between pain severity and disability. Specifically, disability was

evaluated using both self-reported and performance based measures.
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Study I: The reliability and agreement of the Fibromyalgia Survey

Questionnaire in an Italian sample of obese patients

Abstract

The Fibromyalgia Survey Questionnaire (FSQ) was administered in 207 Italian patients with
obesity to screen for fibromyalgia (FM). The goal of our study was to evaluate the inter-rater
reliability and the agreement between the self-administered FSQ and the clinical interview
conducted by a rheumatologist in detecting FM. Patients were randomly assigned to groups A and
group B. The patients in group A were firstly interviewed by a rehumatologist and after 48 hours
they filled out the self-report FSQ. Patients in group B, on the other hand, filled out the FSQ first
and were then interviewed by a rheumatologist 48 hours later. According to the Bland-Altman
analysis was satisfactory. Our findings indicated that 33% of our sample met the criteria for a
diagnosis of FM. The FSQ is a self-reporting instruments that has good reliability. The FSQ should

be used to provide rapid screening for FM.
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1. Introduction

Fibromyalgia (FM) is a chronic pain syndrome marked by chronic widespread pain, fatigue, sleep
disturbances. This condition in associated with reduced quality of life 2. FM affects 2.31% of
the European population, and 2.22% of the Italian population 25425,

Weight has a significant impact on symptoms and disability 22628

. It appears that FM is frequently
linked to overweight and obesity 2*°. According to several studies, 62—73% of patients with FM
are overweight or obese “*8_ in particular higher body mass index (BMI) appears to be positively

correlated with disability 26

, reduced physical functioning, tender point count, pain sensitivity and
sleep disturbances. It is also associated with reduced quality of life, lower tenderness threshold,
poor physical functioning 261262, Nevertheless, research on patients with obesity and FM needs
more evidence.

The diagnosis of FM is a complex process, because of the poly-symptomatology, the different
combination and reported symptoms severity 26324 The American College of Rheumatology
(ACR) proposed several classification criteria. The 2010 ACR criteria consisted of 3 benchmarks:
Criterion 1: Widespread Pain Index (WPI) >7 and Symptom Severity Score (SSS) >5 or WPI 3-6
and SSS >9;

Criterion 2: Symptoms have been present at a similar level for at least 3 months;

Criterion 3: The patient does not have a disorder that would otherwise explain the pain.

The WPI includes 19 non-articular pain sites. The SSS evaluates the severity of three major
symptoms: fatigue, trouble thinking or remembering, waking unrefreshed; and the severity of the
somatic symptoms in general, rated by the physician. The SSS score required a physician
evaluation, that was later change in 2011, removing the physician assessment and replacing it by

a score of three self-reported symptoms. These criteria could be easily use in epidemiological and

clinical studies without the presence of an examiner.
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According to the 2016 ACR criteria, FM could be diagnosed when the following criteria are met:
1) WPI > 7/19 pain sites and SSS > 5/12 or WPI between > 3—-6/19 and SSS > 9/12); 2) symptoms
have been present at a similar level for at least 3 months; 3) the patient does not have another
disorder that could explain the pain; 4) generalized pain, defined as pain in at least 4 of 5 regions,
265.

Despite the improvement of the classification criteria, diagnosing FM remains challenging and
diagnostic delays impact on quality of life and psychological well-being, as well as on health care
and social costs 2%®. The Fibromyalgia Impact Questionnaire-Revised (FIQR) 27 is a measure of
disability, specifically in terms of physical functioning, impact of the disease and symptoms.
However, this measure is not suitable for the screening for FM, according to the 2010/2011 ACR
criteria.

The Fibromyalgia Screening Questionnaire (FSQ) has been developed to assess ACR criteria 1
and 2 using two subscales: the WPI and the SSS 28,

The goal of our study was to evaluate whether the FSQ detect FM accurately in comparison to a
clinical interview conducted by a rheumatologist. The clinical interview is based on the 2010 ACR
criteria; while the FSQ is based on the 2011 modification of the ACR criteria and evaluates criteria
1 and 2, but not criterion 3, which must be assessed by a rheumatologist.

The goal of this study was to determine the inter-rater reliability and agreement between the Italian
translation of the self-administered FSQ and the clinical interview conducted by a rheumatologist
269 in detecting the symptomatology of FM in a sample of Italian patients with obesity and

generalized pain.
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2. Materials and methods

2.1 Participants and procedures

From May to September 2019, participants were recruited at the Istituto Auxologico Italiano —
Istituto di Ricovero e Cura a Carattere Scientifico (Piancavallo, Italy), a clinic specializing in
obesity rehabilitation and physical therapy. Patients were asked to participate in the study and
provide written informed consent after the study was approved by the Institutional Ethics
Committee.

A self-report questionnaire was used to assess demographic data (age, gender, and educational
level). A total of 207 obese patients were recruited, with 12 refusing to participate in the study and

6 being excluded from the analyses due to a large number of missing items.

2.2 Materials

Four rheumatologists who are fluent in English and experts in fioromyalgia forward and back
translated the FSQ to ensure semantic equivalence between the Italian and English versions. The
clinical interview was carried out in accordance with ACR 270 criteria from 2010. All of the
patients were randomly assigned to one of two groups: group A was interviewed first by a
rheumatologist, and group B was given 48 hours to complete the FSQ. Patients in group B
completed the FSQ first, then met with a rheumatologist 48 hours later for an interview.

The questionnaire is divided into two subscales: the WPI is calculated by adding all of the body
areas (out of a total of 19) where the patient indicated they had pain in the previous week, ranging

from 0 to 19. The SSS is divided into two sections:
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Part 1: the patient rates the severity of three somatic symptoms (waking unrefreshed, disturbed
cognition, and fatigue) on a scale of 0—3, with a maximum score of 9; Part 2: the patient rates the
severity of the following three symptoms (headaches, pain, or cramps) on a 4-point scale (0 absent,
1=slight, 2=moderate, or 3=severe) that occurred in the previous 6 months:

Furthermore, the sum of the two component scores, WPI and SSS, can be used to calculate a poly-

symptomatic distress (PSD) scale (Wolfe et al., 2016).

2.3 Statistical Analysis

The Statistical Package for Social Science for Mac was used to conduct all statistical analyses
(SPSS-24, IBM SPSS Statistics for Macintosh, IBM Corp., Armonk, NY, USA).

To describe socio-demographic and clinical data, descriptive statistics were used.

Cronbach's alpha was used to assess the internal consistency of the total scales and relative
subscales; values of 0.7 and higher were considered desirable 27°.

For criteria 1 and 2, a two-way mixed-effect model based on single ratings was used to measure
agreement between the two tools using Cohen's kappa statistic and intraclass correlation
coefficient (ICC). Each ICC was given a mean estimate as well as a 95 percent confidence interval
(CI). We also used Bland-Altman analysis to assess continuous variable agreement (PSD, WPI,
and SSS) 2'*: The differences between questionnaire and interview measurements were plotted on
the y-axis, with the average of the two approaches' measures plotted on the x-axis. The bias,
represented by a central horizontal line on the scatter plot, is the mean difference in values obtained
with the two approaches. The 95 percent limits of agreement (LOA), expressed as the mean

difference 1.96, are shown above and below the horizontal line; the smaller the range between
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these two limits, the better the agreement. A Student's t-test was used to compare the values.A

level of significance of p < 0.05 was considered.

3. Results

Most participants were females (165 vs. 42 males; mean age: 63.2 £ 12.4). All participants were
obese, with a level of BMI > 30 (mean £ SD: 40.54 £ 6.45). More than half of the patients (59%)
had completed a basic education while only 20 subjects (10%) had completed a tertiary education.
Cronbach’s alpha of the SSS was .710. Cohen's k was run to determine if there was an agreement
between the FSQ and the clinical interview conducted by a rheumatologist, in satisfying the criteria
1 and 2 for FM (see the above mentioned 2011 ACR criteria). Sixty-nine (33%) subjects were
found positive by both FSQ and the interview, vs. 103 patients that did not satisfy the criteria.
There was good agreement between the two measurements, k = .653 (95% CI, .55 to .757), with
a p <.0005, index of a substantial strength of agreement 22, A minor discordant result was found
for 16 patients, who were positive for the interview but not for the FSQ measurement.

A high degree of reliability on criterion 1 was also underlined by the interclass correlation. For the
PSD scale, the average ICC measure was .899 with a 95% CI from .867 to .923, indicating good
reliability (Koo et al., 2016). Similarly, the average ICC measure for WPI was .888 (.853-.915)
and for SSS was .851 (95% ClI, .804 to .887).

A low bias score between the two assessments was found: regarding PSD, a bias of 0.43 (p=0.118)
was found with the Bland-Altman 95% limits of agreement of -0.97 and 0.11. Specifically, PSD
detected by the FSQ was 12.5 + 6.61, whereas the mean score at the interview was 13 + 6.5. WPI
scores were 7.41 £ 4.22 by the interview, slightly greater than by patient measures (7.26 + 4.23)
with a difference of 0.134 (p = .472). Similar values were found for the SSS, with a bias of. 030
(p =.062): mean scores found by the FSQ were 5.29 + 3.22 vs. 5.59 + 4.22 by the interview.
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4. Discussion

The goal of this study was to evaluate the agreement and inter-rater reliability between the self-
administered FSQ and a clinical interview conducted by a rheumatologist in detecting FM
symptoms. We recommend the use of FSQ as a valid screening tool because the results show good
agreement and inter-rater reliability between the two instruments.

There is currently no consensus on the best way to assess the severity of FM symptoms or to track
patients' symptoms, outcomes, or changes. FIQR is a specific questionnaire for FM that addresses
several and specific areas for this condition. It has been criticized because it does not fully address
all aspects of FM %7 and it may not be sufficiently sensitive to changes.

FM diagnosis is difficult and time-consuming. After presenting FM complaints to a physician for
the first time, most patients are diagnosed 2.3 years later 1273, The requirement for a physician's
examination is a major limitation in understanding FM prevalence and characteristics. As a result,
the FSQ may be useful in aiding a physician's diagnosis and expediting the diagnostic process.
Indeed, a screening tool is required for use in situations where an interviewer's presence would be
difficult, and it can provide useful information on the overall status of FM symptomatology 7.
The FSQ appears to be an appropriate tool for screening purposes of symptomatology, according
to our findings, which are similar to those of Wolfe et al 2%,

While the results of the questionnaire and interview appear to be comparable to the SSS and WPI
scores, there were minor differences in satisfaction with the diagnosis. However, it is important to
remember that the clinical interview is based on the three 2010 criteria, which require the presence
of an examiner, whereas the FSQ is based on the 2011 modification of the ACR criteria, which

only assesses criteria 1 and 2.
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Due to delays and misdiagnosis, patients with FM often undergo unnecessary medical
examinations before their diagnosis is finally confirmed, and ineffective and incongruent
treatments may be administered.

We found overall good agreement: we found similar values of bias for the PSD and SSS scores,
but a significantly lower bias for the WPI scores when compared to Wolfe's 2% results. In addition,
we discovered that about a third of the patients met the criteria for FM, which is consistent with a
previous study on obese patients that found a prevalence rate of 27.7% 2'°. Individuals with
fibromyalgia and/or obesity may be on the same syndrome continuum: it is well known that having
a high body mass index increases the risk of developing chronic widespread pain 2%%; as a result,
it's possible to imagine a vicious circle in the behavior of people suffering from obesity and
fibromyalgia.

More validation studies in the Italian language and with a larger patient population are needed due
to the lack of generalizability of our findings, which were based on a small sample of obese
patients.

To summarize, using a self-reporting tool like the FSQ to identify patients with high pain
sensitivity can save time. Early detection allows non-pharmacological interventions, such as
psychotherapy or physical therapy, to be implemented, potentially lowering national healthcare

Costs.
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Study I1: Lower levels of accuracy in recognizing fearful and angry

expressions in fibromyalgia.

Abstract

There is a lot of evidence about facial emotion recognition and the role of alexithymic traits in
fibromyalgia. Twenty women with fibromyalgia and twenty women who served as controls were
tested on their ability to recognize the emotions of fear and anger. A facial emotion recognition
task based on implicit behavior was used. A standard psychological questionnaire was also used
to assess the level of alexithymic traits. In comparison to the controls, fibromyalgia patients
reported a lower level of accuracy in recognizing fearful and angry expressions. The different
levels of alexithymic traits could not explain such a difference. Our results were in agreement with
some previous evidence in suggesting an altered recognition of others’ emotional facial expression
in fibromyalgia. However, the behavioral and psychological responses seemed to be strictly in
agreement with the subjective emotional experience. Considering the role of emotion recognition
on social cognition and psychological well-being in fibromyalgia, we underlined the importance
to target this behavior in psychological interventions focused on emotional recognition and

regulation.
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1. Introduction

Facial emotion recognition is an emotional process that allows individuals to recognize emotions
of others when shown through facial expressions. It promotes non-verbal emotional
communication, empathy, and social cognition, allowing individuals to efficiently adapt their
behavior to the environment 2’8, Previous evidence 2'"?"® in FM is sparse and inconsistent.
Previous research assessed the recognition of the facial expressions of happiness, sadness, disgust,
fear, surprise, and anger, in samples of women affected by fibromyalgia. Overall, a generalized
difficulty in recognizing facial emotional expressions was described. Di Tella and colleagues 2’
found a specific difficulty in recognizing expressions of anger and disgust, suggesting an emotion-
related impairment. They reported that affected women misrecognized angry facial expressions
when they show higher levels of alexithymia. Instead, WeiR and colleagues %’ did not report any
effect of alexithymia on their sample’s performance. Alexithymia is a trait of emotional
functioning peculiarly observed in FM 2723, |ndividuals showing alexithymic traits report
difficulty in identifying and communicating feelings, with altered emotional regulation 2°2% and
an externally oriented thinking 28282 Alexithymic traits may interfere with facial emotion
recognition processing 283284, However, the results provided by Di Tella and colleagues 2’® and
WeiR and colleagues %’ regarding the role of alexithymia on facial emotion recognition in FM
were heterogeneous. These two studies adopted an explicit measure: participants were asked to
indicate what was the emotion expressed by the others’ faces. However, this procedure might
suffer from response’s biases (i.e., participants are aware of the experimental question; increased
risk of controlled responses) 283284, Furthermore, in these studies, multiple primary emotions were
investigated at the same time. However, two major criticisms can be leveled at this aspect: the
reduced number of trial repetitions, which can be critical in a recognition test, and the reduced

ability to draw conclusions about participants' recognition of a specific emotion.
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We proposed to investigate facial emotion recognition in FM using an implicit task based on an
automatic attentional phenomenon known as “redundant target effect” 2%, Since this process is
automatic and unaware 2%, the task assesses implicit behavior. We focused on the two primary
emotions of fear and anger. Indeed, individuals with higher levels of alexithymia have more
difficulties in recognizing the facial expressions related to these two specific emotions 2. In the
current experimental study, we compared the performance at the implicit facial emotion
recognition task 222 of a group of women affected by FM with the performance of a group of pain-
free, as controls. If the two groups reported the same behavioral performance on the task, it would
suggest that the process of recognition of others’ facial expression of fear and anger was preserved
in FM.

We also evaluated the presence of alexithymia in our sample, and its impact on facial emotion
recognition. In line, with Di Tella and colleagues 2’® and other studies relative to non-clinical
populations 28, but not with WeiR and colleagues 2”7, we might expect that those individuals who
described themselves as less effective in identifying and communicating their feelings (i.e., higher
levels of alexithymia), they might be also less fast and/or accurate in recognizing other’s emotional

expressions. §1J°0o

2. Material and methods

This study was approved by the Ethical Committees of the Istituto Auxologico Italiano, IRCCS,
Milan, Italy: Protocol n. 21C925 2019 and Citta della Salute e della Scienza Hospital, Turin, Italy:
Protocol n. CS2/1170. Subjects gave informed written consent, were free to withdraw at any time,
and had no prior knowledge of the experiment's rationale. The Fibromyalgia Integrated Outpatient

Unit (FIOU), Citta della Salute e della Scienza Hospital, Turin, Italy, and the Istituto Auxologico
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Italiano, IRCCS, U.O. di Riabilitazione Osteoarticolare, Ospedale S. Giuseppe, Piancavallo, VCO,
Italy, recruited participants with fiboromyalgia. Healthy volunteers were found through researchers'

contacts and word-of-mouth outside of the clinical and academic institutions involved.

2.1 Participants

For this study, 40 women were enrolled. Women participated in this study if they received a
diagnosis of FM. We excluded participants according to the following criteria: less than 18 years
old, the presence or history of a neurological or severe psychiatric disorder, according to an
expert psychiatrist examination. 20 women affected by fibromyalgia were consecutively
recruited (Age in years M=48; SD=13; Education in years M=13; SD=1; Body mass index in
kg/m? M=22.05; SD=2.05). We assessed the level of disability associated with the disease,
especially in terms of function, global impact, and symptoms, through the Italian version 2% of
the Fibromyalgia Impact Questionnaire - Revised Form (FIQ-R) 267, The seminal article reported
acceptable internal consistency (o =0.94) and all the items had an item-to-total correlation
between 0.41 and 0.78.

20 healthy women were enrolled as controls (Age in years M=48; SD=12; Education in years
M=15; SD=3; Body mass index in kg/m? M=22.02; SD=2.05). We excluded individuals who
reported to suffer from FM, but also rheumatic diseases or chronic pain; we also excluded

individuals who reported history of a neurological or psychiatric disorder.

2.2 Measures

All participants completed self-report questionnaires to evaluate depression and anxiety.
Specifically, the level of depressive symptoms was measured through the Beck Depression
Inventory 2892%0 The seminal article reported acceptable internal consistency (o= 0.86) as well as

acceptable test-retest reliability (r=0.93). Moreover, participants were asked to fill out the State—

93



Trait Anxiety Inventory 2°12%2 to assess the current state of anxiety (i.e., trait scale), and the
relatively stable aspects of “anxiety proneness,” (i.e., state scale). In terms of reliability, it was
reported a = 0.90 for the trait scale, and a. = 0.93 for the state scale; moreover, test—retest reliability

ranged from 0.73 to 0.86 and 0.16 to 0.62 for scores on the trait and state scales, respectively.

Level of alexithymia. The level of alexithymic traits in our participants was assessed using the
Italian version 2% of the Toronto Alexithymia Scale — 20 (TAS-20) 2%, It provides a total score
and three sub-scores relative to difficulties in identifying feelings, difficulties in describing
feelings, and externally oriented thinking. Individuals indicated the extent to which they agreed or
disagreed with each statement on a five-point Likert scale. The questionnaire had acceptable

internal consistency (o= 0.81); the test—retest reliability was of 0.77.

The implicit facial emotion recognition task. We adopted the implicit facial emotion recognition
task described in previous studies 23?84 This go/no-go task was developed on the basis of the
cognitive phenomenon of redundant target effect 285: people respond faster when two identical
targets are presented simultaneously rather than when they are presented alone. Moreover, the
competitive presence of a non-identical stimulus (i.e., the distractor) affects the efficient
recognition of the target, with a lower velocity in detecting the stimuli and a reduction in the level
of accuracy. Photographs of male and female faces 2% with either angry, fearful, or neutral
expressions, were presented in four different conditions: (i) in the unilateral condition, the target
(anger/fear) was presented on the right or left of the fixation cross; (ii) in the bilateral condition,
the target was presented simultaneously on the right and left of the fixation cross; (iii) in the neutral
incongruent condition, the emotion target was presented on the right or left of the fixation cross

along with another but neutral face; (iv) in the emotional incongruent condition, the target was
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presented on the right or left of the fixation cross along with another emotional face. Moreover, in
the catch trials, a distractor (represented in half the trials by neutral stimuli, and in the other half
by a contrasting emotion) was presented unilaterally, bilaterally, or in opposition to a
neutral/emotional stimulus. Participants responded as soon as they noticed the target (regardless
of its position or number), pushing a button on the keyboard with the dominant (right) hand. The
target emotion was verbally announced by the experimenter at the beginning of each block.

Fear and anger were studied independently in different blocks. Stimuli stayed for a duration of 250
milliseconds. Participants had a maximum of 1500 milliseconds to provide an answer. The inter-
stimulus interval varied randomly between 650 and 950 milliseconds. For each condition
(unilateral, bilateral, neutral incongruent; emotional incongruent), 32 valid trials and 16 catch trials
were presented in four blocks; the block-order was counterbalanced between participants (half of
the participants received the order ABBA: anger, fear, fear, anger; the other half, the opposite order
BAAB: fear, anger, anger, fear). Overall, 768 trials were administered. There was a short break
(two minutes) between each block. Reaction Time in milliseconds from stimuli onset was recorded

relative to valid trials, and the percentage of Accuracy (% hits — % false alarms) were computed.

3. Analysis

3.1 Descriptive characteristics.

An independent sample t-test was used to assess any differences between the two groups
(participants affected by fibromyalgia vs controls) relative to the demographical characteristics

(Age and Education), the level of BMI, and the scores reported on the psychological questionnaires.
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The implicit facial emotion recognition task. Fear and anger were studied independently. Reaction
time and level of accuracy were independently analyzed. Valid responses faster than 50
milliseconds from stimulus onset were removed from the analysis since they were considered
anticipations. A repeated-measures ANOVA with the within-subjects factors of Condition
(unilateral, bilateral, neutral incongruent, emotional incongruent) and Gender (female vs male
pictures) and the between-subjects factor of Group (participants with fibromyalgia vs controls)
was performed. Bonferroni-estimated marginal mean comparisons were applied as post-hoc
analyses when the main effect of Condition or the interactions were significant.

The main analysis was run again introducing the global score at TAS-20 as covariate, in case of
the significant main effect of the between-subjects Group or its significant interaction with the

between-subjects factors, to verify the role of alexithymia in participants’ performance.

4. Results

4.1 Descriptive characteristics and psychological questionnaires

Means, standard deviations, and statistical results are reported in Table 1.

Table 1. Mean (M) and standard deviation (SD) relative to the demographical characteristics and the psychological
questionnaires are reported for controls and the participants affected by fibromyalgia. We also report the statistical results (* p

value < 0.05).

Controls Participants with Statistical analyses
fibromyalgia
n=20 n=20
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M SD M SD t p value Cohen’s d

Age in years 479 11.56 47.75 12.66 0.03 0.09 <0.001
Education in years 14.65 2.85 12.7 1.13 2.84 0.009 * 0.89
Body Mass Index 22.26 1.24 22.05 2.05 0.38 0.7 0.01
Beck Depression Inventory 8 6 15 13 2.2 0.03 0.69

State—Trait Anxiety Inventory
state-scale 35 9 37 9 -0.48 0.62 0.22
trait-scale 37 12 49 11 3.07 0.004 1.04

Toronto Alexithymia Scale (TAS-20)

difficulty in identifying 12.15 (4.21) 19.15 (8.05) 3.44 0.002 * 1.08
feelings

difficulty describing feelings 10.85 (4.18) 11.85 (4.9) 0.73 0.46 0.23
externally oriented thinking 14.2 (6.18) 15.7 (4.66) 0.86 0.39 0.27
total score 37.2 (12.38) 46.7 (14.06) 2.26 0.029 * 0.71

Participants with fibromyalgia had comparable age with the controls; however, they reported a
significant lower level of education. The two groups had comparable body mass index.
Participants with fibromyalgia reported significantly higher scores in the Beck Depression
Inventory 28%2% and in the trait-scale, but not in the state-scale, relative to the STAI Questionnaire
291,292 Concerning the Fibromyalgia Impact Questionnaire-Revised Form 26728 participants with
fibromyalgia reported the following scores: about functions, the mean was 17 (SD = 6; range = 6-
27); overall impact, the mean was 9 (SD = 5; range = 2-20); symptoms, the mean was 32 (SD = 8;
range = 17-47). Moreover, they reported a total score mean of 59 (SD = 17; range = 34-94), which

suggested a medium (range 50-70) level of disability associated to the disease 2'.

Level of Alexithymia. Means and standard deviations relative to the TAS-20 are reported in Table
1. Affected individuals reported a significantly higher total score in comparison with the controls,

as expected. Moreover, we observed a higher score in the scale measuring the individual
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difficulties in identifying feelings. Instead, no difference was observed in the scores relative to the
other two scales concerning the difficulties in describing feelings and the externally oriented

thinking.

Implicit facial emotion recognition task. We report means and standard deviations about the
performance of the two groups relative to each experimental condition, split according to the

gender (female vs male) of the visual stimuli, relative to the emotion of fear and anger, in Table 2.

Table 2. Implicit Facial Emotion Recognition Task. Mean (M) and standard deviation (SD) for each experimental condition (bilateral,
emotional incongruent, neutral congruent) split for the visual stimuli gender (female vs male), relative to the two groups (participants
with fibromyalgia vs controls)’ performance is reported about the Reaction Time (expressed in milliseconds) and the level of Accuracy

(expressed in percentage). The upper part regards the emotion of fear; the lower part, the emotion of and anger.

Bilateral Emotional Incongruent Neutral Incongruent Unilateral
female male female male female male female male
Fear

Reaction Time in ms

Participants with M 413 413 428 439 455 419 435 419
fibromyalgia SD 192 159 185 202 160 146 180 126
M 368 354 429 411 418 394 372 366

Controls
SD 117 94 124 143 132 93 87 92

Accuracy in percentage

Participants with M 45.89 55.49 21.63 30.45 20.94 28.92 50.31 58.33
fibromyalgia SD 19.45 19.64 20.10 19.24 23.57 16.83 19.13 19.00
M 63.52 66.51 37.57 48.58 39.51 49.83 61.98 69.32
Controls
SD 19.38 14.77 22.35 16.34 22.56 17.63 18.36 12.95
Anger

Reaction Time in ms
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Participants with M 399 394 384 439 418 436 420 414

fibromyalgia SD 128 156 142 187 141 154 138 155
M 374 386 410 423 407 430 375 405

Controls
SD 98 149 84 166 102 123 103 160

Accuracy in percentage

Participants with M 40.40 43.16 22.29 22.29 15.21 17.43 54.03 44 .44
fibromyalgia SD 28.11 21.09 14.23 13.70 21.22 15.96 22.70 21.18
M 59.57 55.61 41.28 32.53 33.92 29.76 62.07 56.25

Controls
SD 18.76 16.78 17.12 20.85 17.34 23.02 17.15 19.59

Fear. The 0.11% of answers provided by the group of participants affected by fibromyalgia’s
performance and the 0.99% provided by controls were not included in the analysis, since they were
anticipations.

Reaction Time. We observed a significant main effect of Condition [F(3,314)=3.84; p=0.01;
Mp?=0.09]: as shown in the upper part of Figure 1 — left panel, all participants were faster in the
bilateral condition in comparison with the emotional incongruent [p=0.05], and with the neutral
incongruent [p=0.059] as a trend. No significant main effect of Gender (female pictures M=414;
SD=21; male pictures M=401; SD=18) [F(1,38)=1.46; p=0.23; n,?>=0.03] was observed. Focusing
on the between-subject factor, no significant main effect of Group (participants with fiboromyalgia
M=427; SD=25; controls M=389; SD=27) [F(1,38)=0.98; p=0.32; n°>=0.002] emerged. Neither
the first level interactions [p>0.33] neither the second level interaction [p=0.74] were significant.
Accuracy. A significant main effect of Condition [F(3,314)=103; p<0.001; n,?>=0.73] was reported:
as shown in the upper part of Figure 1 — right panel, all participants were significantly more
accurate in the bilateral and in the unilateral conditions in comparison with the neutral and

emotional incongruent conditions [p always <0.001], in line with the redundant target effect.
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Fig 1. Implicit Facial Emotion Recognition Task: the redundant target effect. The upper part regards the emotion of fear; the lower
part, the emotion of and anger. For each experimental condition (bilateral, emotional incongruent, neutral congruent, single; x-
axis), the mean relative to the Reaction Time expressed in milliseconds on the y-axis (left panels) and the level of Accuracy
expressed in percentage on the y-axis (right panels) are depicted. The minimum, the lower quartile, the median, the upper quartile,

the maximum, and the outliers are shown. Horizontal lines denote significant differences at p < 0.05.
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We also observed a significant main effect of Gender [F(1,38)=14.4; p=0.001; n,°=0.27]:
participants were less accurate in recognizing fearful expression when expressed by female faces
(M=42.66; SD=2.86) in comparison with male faces (M=50.92; SD=2.26). Neither the first level
interactions [p>0.17] neither the second level interaction [p=0.46] were significant. A significant
main effect of Group emerged [F(1,38)=11.11; p=0.002; ny>=0.22]: as shown in Figure 2,
participants with fibromyalgia (M=38.99; SD=15.22) were significantly less accurate in

comparison with the controls (M=54.6; SD=12.36).
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Fig 2. Emotion of Fear. The mean relative to the level of Accuracy expressed in percentage on the y-axis is shown for the two

groups (controls vs participants with fibromyalgia). The minimum, the lower quartile, the median, the upper quartile, the maximum,

and the outliers are shown.
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Since we observed a significant main effect of Group, we run again the repeated-measures
ANOVA with the within-subjects factors of Condition (unilateral, bilateral, neutral incongruent,
emotional incongruent) and the between-subjects factor of Group (participants with fibromyalgia
vs controls) including the global score reported at the TAS-20 as a covariate. We confirmed the
significant main effect of Condition [F(3,111)=5.24; p=0.002; n,?>=0.124]. Interestingly, the main
effect of Group still remained significant [F(1,37)=7.09; p=0.011; np?=0.16]. The covariate
[F(1,37)=2.23; p=0.14; n,?=0.05] as well as its interaction with the within-subjects factor of
Condition [F(3,111)=1.18; p=0.31; n,>=0.03] were not significant. The interaction
Condition*Group was not significant [F(3,111)=1.25; p=0.29; 1,>=0.03]. These results confirmed
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the difference between the two groups, even though when we took into account the different level
of alexithymia.

Anger. No answer relative to the group of participants affected by fibromyalgia’s performance was
excluded; instead, the 0.05% of answers relative to the controls’ performance was eliminated since
they were anticipations.

Reaction Time. We observed a significant main effect of Condition [F(3,314)=4.85; p=0.03;
np2=0.11]: as shown in the bottom part of Figure 1 — left panel, all participants were significantly
faster in the bilateral condition in comparison with the neutral incongruent condition [p<0.001];
moreover, a similar - even though no statistically significant - behavior was observed comparing
the reaction time relative to the bilateral condition and the emotional incongruent condition
[p=0.058]. No significant main effect of Gender (female pictures M=398; SD=17; male pictures
M=415; SD=23) [F(1,38)=1.66; p=0.2; 1,°=0.04] was observed. No significant main effect of
Group emerged (participants with fibromyalgia M=413; SD=17; controls M=401; SD=31)
[F(1,38)=0.9; p=0.76; n,?>=0.002]. Neither the first level interactions [p>0.25] neither the second
level interaction [p=0.09] were significant.

Accuracy. We observed a significant main effect of Condition [F(3,314)=122.21; p<0.001;
Mp?=0.76]: as shown in the bottom part of Figure 1 — right panel, all participants were significantly
more accurate in the bilateral and unilateral conditions in comparison with the neutral and
emotional incongruent conditions [p always < 0.001], in agreement with the redundant target
effect. No significant main effect of Gender was observed (female pictures M=41.09; SD=2.66;
male pictures M=37.68; SD=2.76) [F(1,38)=1.65; p=0.2; 1,>=0.04] was observed. A significant
main effect of Group emerged [F(1,38)=8.71; p=0.005; ny>=0.18]: as shown in Figure 3,
participants with fibromyalgia (M=32.4; SD=4.86) were significantly less accurate in comparison

with the controls (M=46.37; SD=2.21).
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Fig. 3. Emotion of anger. The mean relative to the level of Accuracy expressed in percentage on the y-axis is shown for the two
groups (controls vs participants with fibromyalgia). The minimum, the lower quartile, the median, the upper quartile, the maximum,

and the outliers are shown.
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Neither the first level interactions [p>0.09] neither the second level interaction [p=0.19] were
significant.

Since we observed a significant main effect of Group, we run again the repeated-measures
ANOVA with the within-subjects factors of Condition (unilateral, bilateral, neutral incongruent,
emotional incongruent) and the between-subjects factor of Group (participants with fibromyalgia
vs controls) including the global score reported at the TAS-20 as a covariate. We confirmed the
significant main effect of Condition [F(3,111)=10.42; p<0.001; np?=0.22]. The main effect of
Group still remained significant [F(1,37)=6.85; p=0.013; 1,>=0.15]. Interestingly, the covariate
was not significant [F(1,37)=0.12; p=0.73; np*=0.003], as well as its interaction with the within-
subjects factor of Condition [F(3,111)=25.76; p= 0.35; np?=0.78]. The interaction
Condition*Group [F(3,111)=1.24; p=0.78; 1,>=0.009] was not significant. Thus, the main
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difference between groups was confirmed (i.e. participants with fiboromyalgia less accurate with

controls) even though when we took into account the level of alexithymia.

The role of depressive symptoms and anxiety. The two groups were found to report significant
different scores at the psychological questionnaires relative to the depressive and trait-anxiety
symptoms. To verify if the main results relative to the level of accuracy would be explained by the
different psychological functioning between groups, we performed an ANOVA with the within-
subjects factors of Condition (unilateral, bilateral, neutral incongruent, emotional incongruent) and
the between-subjects factor of Group (participants with fibromyalgia vs controls) including the
psychological scores as covariates.

Fear. When we consider the score relative to the depressive symptoms, we confirmed the
significant main effect of Condition [F(3,111)=39.19; p<0.001; np?=0.51]. Interestingly, the main
effect of Group still remained significant [F(1,37)=9.46; p=0.004; np?=0.2]. The covariate
[F(1,37)=0.004; p=0.94; 1y><0.001] as well as its interaction with the within-subjects factor of
Condition [F(3,111)=1.16; p=0.32; n,>=0.03] were not significant. The interaction
Condition*Group was not significant [F(3,111)=1.68; p=0.17; np>=0.04]. When we consider the
score relative to trait-anxiety, we confirmed the significant main effect of Condition
[F(3,111)=7.33; p<0.001; n,?=0.16]. Interestingly, the main effect of Group still remained
significant [F(1,37)=6.87; p=0.013; n,=0.15]. The covariate [F(1,37)=0.59; p=0.44; np>=0.01] as
well as its interaction with the within-subjects factor of Condition [F(3,111)=0.41; p=0.74;
Np?=0.01] were not significant. The interaction Condition*Group was not significant
[F(3,111)=1.59; p=0.19; n,>=0.04].

Anger. When the score relative to the depressive symptoms was taken into account, we confirmed

the significant main effect of Condition [F(3,111)=45.77; p<0.001; n,?>=0.55]. The main effect of
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Group still remained significant [F(1,37)=10.15; p=0.003; n,?=0.21]. The covariate [F(1,37)=1.36;
p=0.25; np?=0.03] as well as its interaction with the within-subjects factor of Condition
[F(3,111)=0.41; p=0.74; n,°>=0.01] were not significant. The interaction Condition*Group was not
significant [F(3,111)=1.09; p=0.35; 1,°=0.02]. When we took into account the score relative to
trait-anxiety, we reported again the significant main effect of Condition [F(3,111)=4.63; p=0.004;
np>=0.11]. Crucially, the main effect of Group still remained significant [F(1,37)=10.55; p=0.002;
Mp?=0.22]. The covariate [F(1,37)=1.7; p=0.19; np?=0.04] as well as its interaction with the within-
subjects factor of Condition [F(3,111)=0.85; p=0.46; n,?>=0.02] were not significant. The
interaction Condition*Group was not significant [F(3,111)=0.85; p=0.46; 1,>=0.02].

These results confirmed that the different level of accuracy between groups was not explained by

the level of depressive or state-anxiety symptoms.

5. Discussion

Through an implicit task, we investigated the recognition of fearful and angry facial expressions
in women with fibromyalgia compared to women without pain sensations. Both the fibromyalgia
patients and the controls reported behavioral performance that was consistent with the attentional
phenomenon of the redundant target effect. Participants with fibromyalgia, on the other hand,
reported significantly lower accuracy in recognizing fear and anger facial expressions. Despite the
different levels of alexithymia between groups, this behavior was still observed. Furthermore, there
was no link between this behavior and depressive or anxiety symptoms.

The redundant target effect was observed for all participants when we scored their performance in
terms of accuracy. However, when compared to the controls, our fiboromyalgia participants had a

lower ability to correctly label facial emotion expressions. These findings appeared to be in line
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with some previous evidence 2. We hypothesized that the difficulties in labeling accurately facial
expressions in fibromyalgia arise independently from the level of awareness (i.e., higher in
27-lower in our experiment) implied by the task, implying that the disease has a pervasive effect
on the emotional processing. Our findings were only partially in agreement with the Di Tella and
colleagues 28 Indeed, they observed a lower level of accuracy in recognizing the facial
expressions of anger, but not of fear. Top-down components, such as decision-making about the
nature of the emotion expressed by faces, which is largely involved in the case of the facial emotion
recognition task, may have a significant impact on accuracy, potentially leading to such
heterogeneity. Individual cognitions and beliefs in relation to own emotional perception, as
measured by the Toronto Alexithymia Scale — 20 in our study, play a role as well. We can also
rule out the possibility that the lower level of accuracy observed in our women with fibromyalgia
was due to the higher expression of alexithymic traits. This result was in agreement with Weil3 and
colleagues 277, but in contrast with Di Tella and colleagues 2’8, according to whom those
individuals affected by fibromyalgia and with higher levels of alexithymia tended to misrecognize
angry facial expressions, judging them as expressions of pain. The Toronto Alexithymia Scale —
20 is the most widely used instrument to assess alexithymia. However, because of its self-report
nature, this scale is an explicit assessment: the respondents would be aware of their reduced ability
to identify and describe feelings in order to report accurately this behavior in the questionnaire 2%,
Thus, the questionnaire does not measure the individual emotional capability, but rather its
subjective description 2°”. Moreover, when individuals suffer from higher levels of alexithymia, as
in the case of fibromyalgia, indirect measures of emotional processing might be more suitable to
avoid false-negative cases 2. Also, the behavioral (i.e., the experimental task) and psychological
(i.e., the questionnaire) responses might not be strictly in the agreement with each other as well as

with the subjective emotional experience, i.e. the feeling. Finally, even though alexithymic traits
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and facial emotion recognition are both components of emotional processing, they pertain to two
different dimensions. Indeed, the construct of alexithymia highlights the intra-individual
dimension (i.e. how much | feel and express my emotions) 2%2% although facial emotion
recognition refers to the inter-individual dimension (i.e. the emotion expressed by the others).
Overall, our findings support a methodological approach in which the behavioral measures of
emotional processing, as done in our experiment or in 3%, are associated with those original
measurements.

Since our results, other final considerations should be done. Concentration difficulties, together
with decreased other cognitive difficulties (i.e., fibrofog) ' are commonly reported in
fibromyalgia (Errore. L'origine riferimento non e stata trovata.-Errore. L'origine
riferimento non é stata trovata.) with possible negative side-effects on the experimental
performance. The redundant target effect is a psychophysiological unconscious reaction that is
triggered by an external event (stimuli) and affects attentional vigilance and behavior. This
phenomenon was observed in all of our participants' performances in our study, implying that they
(even those with fibromyalgia) have sufficient attentional resources to detect emotional stimuli
efficiently. As a result, we ruled out the possibility of sustained and selective visual attention.
However, our results relative to the reaction time cannot be discussed in comparison with the
previous studies 2”8 in which the performance was not scored in terms of velocity. We suggested
extending the investigation of implicit facial emotion recognition to the other primary emotions.
Indeed, because we did not test all of them, we cannot say whether the difficulties experienced
with fear and anger were also experienced with the other primary emotions. Furthermore, the
characteristics of perceived pain should be taken into account, as they have been shown to affect
emotion recognition in fibromyalgia patients 3°2 . When the emotion of fear (rather than anger)

was the focus of our research, we discovered that the gender of the visual stimuli had an effect on
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the level of accuracy: participants were less accurate in recognizing fearful expressions when
expressed by female faces than when expressed by male faces. This result was only partially
consistent with previous research findings 263234, Nevertheless, the gender effect might be reduced
in the case of particular experimental circumstances 3%, Considering that in the present study only
women were assessed, in the future male individuals should be tested to deeper understand the role
of gender in recognizing facial expressions, even though fibromyalgia is less reported in men
304,305_

In conclusion, we found that fibromyalgia patients had difficulty decoding angry and fearful facial
expressions. Nonetheless, psychophysical affective responses that were consistent with the
emotional stimulation were observed at a very low level. This behavior was discovered to be
unrelated to the level of alexithymic traits as measured by a self-report questionnaire, implying
that behavioral and psychological responses may not be entirely consistent with subjective
emotional experience. Empathy and adaptive behaviors in social interactions are mediated by the
ability to decode other people's emotions efficiently. It may play a role in fibromyalgia patients'

psychological well-being if it is impaired.
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Study I11: The role of pain catastrophizing and pain acceptance in
performance-based and self-reported physical functioning in

individuals with fibromyalgia and obesity.

Abstract

Physical dysfunction is one of the most serious consequences of fibromyalgia, especially when
comorbid obesity is present. Psychological factors are known to influence how people perceive
their physical health (i.e., subjective physical health). Physical function, on the other hand, is a
multifaceted concept that encompasses both subjective and objective functioning. It's unclear what
role psychological factors play in performance-based (i.e., objective) functioning. The purpose of
this study is to investigate the contribution of pain catastrophizing and pain acceptance to both
self-reported and performance-based physical functioning. In this cross-sectional study, 160
people filled out self-report pain catastrophizing, pain acceptance, and pain severity
questionnaires. Physical functioning was assessed using a self-report measure and a performance-
based test. At both self-reported and performance-based levels, higher pain catastrophizing and
lower pain acceptance were linked to poorer physical functioning. Our findings back up previous
research that shows a link between pain catastrophizing and pain acceptance and self-reported
physical functioning. This study adds to the existing body of knowledge by revealing new
information about the role of psychological factors in performance-based physical functioning.
Multidisciplinary interventions that address pain catastrophizing and pain acceptance are
recommended and could help women with FM and obesity improve their perceived and

performance-based functioning.
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1. Introduction

Fibromyalgia (FM) is a chronic pain syndrome that primarily affects women 26>3% It's marked by
widespread pain, fatigue, cognitive impairment, and a loss of physical function. Although the cause
of FM is unknown, central sensitization may play a significant role 3°-%7, However, it appears that
a combination of genetic/biological and psychosocial factors is required to explain how this disease
develops and persists 30830,

One of the most serious consequences of FM is impaired physical functioning 26319311 Physical
functional capacity reduction is a significant impediment to daily activities 3?34 and has a
negative impact on the quality of life of those who are affected °%3!°, \Women with FM, for
example, have difficulty performing activities that are necessary for them to remain physically
independent, necessitating the assistance of others 32,

The reduced physical functioning is further exacerbated when patients have comorbid obesity
262316317 " Opesity is a significant factor to consider in FM because of its high prevalence in this
population, which can be attributed in part to FM patients' decreased activity levels 262310318,
Obesity adds to the burden of FM-related disability 262, Obesity is linked to increased pain intensity
and reduced physical function in FM patients 262316318320 patients with FM and obesity have
severe functional impairements as a result of a combination of two issues: FM-related persistent
pain and obesity-related restricted movement 262321323 As a result, the two conditions can interact
and exacerbate one another. FM-related chronic pain and fatigue can lead to sedentary behavior,
physical inactivity, and weight gain, all of which can have a negative impact on physical
functioning and pain levels, creating a vicious cycle °°.

In recent years, there has been a growing consensus that it is more important to improve physical
functioning in people with chronic pain than it is to reduce pain severity 324326, Efforts are being

made to shift the focus of pain management from pain reduction to quality of life improvement, in
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line with this concept 326328, As aresult, in recent decades, pain research has focused on modifiable
psychological factors (i.e., pain-related cognitions and beliefs about pain), which help to explain
individual differences in the adaptation to chronic pain. Among these factors pain catastrophizing
and pain acceptance have been the most studied 22°6:57:329330,

Pain catastrophizing is defined as a set of dysfunctional and negative cognitive-emotional
responses to actual or anticipated pain sensations *°. According to the Fear-Avoidance Model,
which is a theoretical model that explains how pain-related cognitions affect pain experience
137.169.170 "nain catastrophizing is a key cognitive factor linked to poor functioning. Indeed, the
tendency to exaggerate the threat value of pain sensations and ruminate on painful experiences,
combined with the tendency to feel helpless during pain episodes (i.e., pain catastrophizing), has
been linked to activity aversion and fear of movement 17°. As a result, catastrophizers engage in
several safety behaviors, such as movement avoidance, guarded movement, to prevent the
worsening of pain °. As a result, a cycle of avoidance, deconditioning, and increased disability
develops 310,331,332.

In patients with FM, catastrophization about pain has been observed 332 and has been strongly
linked with physical impairment in FM and other pain disorders 3433, The role of pain
catastrophizing in patients with chronic pain and comorbid obesity, on the other hand, is less clear.
Patients with severe obesity and osteoarthritis, according to Somers et al., have higher levels of
pain catastrophizing than those with less severe obesity and overweight 33, Shelby and colleagues
observed that higher levels of pain catastrophizing were associated with greater disability in older
adults with overweight, obesity, and osteoarthritis *°>. Whereas, in a sample of patients with
obesity and chronic low back pain, we recently found that there is no link between pain
catastrophizing and physical disability *°. The participants' characteristics in terms of age, clinical

condition, and level of obesity, among other things, could explain the contradictory and
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heterogeneous results. The lack of evidence on the role of pain catastrophizing in people with FM
and comorbid obesity, on the other hand, justifies more research.

Another psychological factor that has gotten more attention in chronic pain research is pain
acceptance 3°, which refers to the willingness to experience painful sensations without attempting
to avoid them, as well as the willingness to continue significant activities despite the presence of
pain 34, While the Fear Avoidance Model regards pain catastrophizing as a significant contributor
to physical disability, the Psychological Flexibility Model of pain regards pain acceptance as a
critical factor in pain adaptation 341, The Psychological Flexibility Model emphasizes the
importance of an individual's ability to change or persist with a behavior while taking into account
personal goals, values, and competing psychological influences (such as pain acceptance) and
situational conditions **1. According to this framework, engaging in value-oriented behaviors
despite unpleasant experiences such as pain is critical to living a full and meaningful life. 2°.
Indeed, it appears that pain acceptance facilitates participation in valued activities and the pursuit
of personal goals 342, which could limit pain interference with daily activities and reduce perceived
disability 339342343,

In pain research, pain catastrophizing and pain acceptance may be important to take into account.
Previous research has primarily focused on identifying psychological factors that have a negative
impact on physical disability in patients with chronic pain 57:138.168.333344.385 "Hawever, resilience
factors have gained interest in pain research in recent years #. Pain acceptance has been identified
as critical component in chronic pain adaptation. In fact, pain acceptance is increasingly being
targeted in rehabilitative programs that emphasize resource promotion rather than the modification
of dysfunctional behaviors *#’. In conclusion, while pain catastrophizing might negatively impact

the process of adaptation to chronic pain, pain acceptance might facilitate it. 34,
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The majority of research on physical functioning in patients with chronic pain and FM has relied
on self-report measures,326:334.357.358,349-35% parformance-based measures evaluate actual functional
ability rather than perceived functional ability. In research they have largely been neglected,
because they are time-consuming and required the presence of an examiner. Self-report and
performance-based measures provide distinct but complementary information about physical
functioning °. Physical function is a multidimensional concept that include both subjective and
objective aspects. 326360-362 psychological factors contribute more to subjective aspects that
involve cognitive evaluation (such as perceived functioning) than to actual performance in daily
activities %3, Because previous studies assessed subjective perceptions, they may have revealed
strong associations between psychological factors and self-report measures of physical
functioning. Importantly, in individuals with diverse musculoskeletal chronic pain, performance-
based and self-reported physical function are not significantly correlated *¢°, Furthermore, a study
found that people with FM have lower subjective physical functioning than they do objective
performance *%*. To advance interdisciplinary interventions for chronic pain, research that
evaluates and compares the contribution of psychological factors to perceived and performance-
based functioning outcomes is required.

In summary, the purpose of this study is to look into the effects of pain catastrophizing
(vulnerability factor) and pain acceptance (resilience factor) on physical functioning in people with
FM and comorbid obesity. We hypothesized that pain catastrophizing 33+-3%:343345 would be
associated with decreased physical functioning, while pain acceptance would be associated with
better physical functioning 339:349357.365 e also hypothesized that psychological variables would

contribute more to perceived functioning than to performance-based functioning 2.
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2. Materials and Methods

2.1 Procedure and participants

A cross-sectional study was carried out. G. Power was used to perform an a priori power analysis
(version 3.1.9.4) 16 to determine the sample size required to detect statistical significance. With a
conservative small-to-medium effect size of the predictors (0.10), an alpha of 0.05, and a power
of 0.90, a sample size of n = 130 was needed to detect the hypothesized effects.

From January to September 2019, 160 women were recruited in a row at the start of a one-month
hospitalization program for weight loss and physical therapy at the IRCCS Istituto Auxologico
Italiano’'s Orthopaedic Rehabilitation Unit (Piancavallo, Italy). Before beginning a physical
therapy and nutritional rehabilitative program for weight loss, data was collected during the first
week of the diagnostic assessment.

Participants were eligibile for this study if they met the following criteria: (a) had a FM diagnosis
provided by a rheumatologist according to Wolfe et al. criteria 2°; (b) met the American College
of Rheumatology (ACR) Research Criteria for fibromyalgia 366¢7 as measured by the
Fibromyalgia Survey Questionnaire in its Italian version 4; (c) were over the age of 18; and (d)
were able to complete the questionnaires and sign an informed consent form.

Patients were excluded if they (a) had psychiatric disorders with psychotic symptoms or severe
personality disorders; (b) had previously or were currently receiving psychological treatment for
FM; or (c) had comorbid acute pain conditions or comorbid chronic pain conditions other than

FM.

2.2 Measures

115



Data on socio-demographics and clinical outcomes. Participants completed a self-report protocol
that included their age, weight, and height (in centimeters), job status (employed, unemployed, or
disability pension), years of education, current opioid use, and pain duration (in years).
Fibromyalgia symptomatology. The lItalian version of the Fibromyalgia Survey Questionnaire
(FSQ) ** was used to assess the ACR Fibromyalgia Research Criteria *%3%7, This measure, which
is recommended in research 3¢63%8 \as administered to evaluate the level of symptomatology
required to confirm the diagnosis of FM. Individuals must meet the following Research Criteria:
(1) Widespread Pain Index > 7 and Symptom Severity Scale score > 5 OR Widespread Pain Index
of 4-6 and Symptom Severity Scale score > 9; (2) symptoms have generally been present for at
least 3 months.

Pain severity. The Numeric Pain Rating Scale (NPRS) 8! was used to assess pain severity levels.
It consists of an 11-point scale (anchors 0= no pain; 10= worst possible pain). The Numeric Pain
Rating Scale is a well-validated and widely used measure of pain severity in chronic pain
conditions 48,

Pain catastrophizing. The Pain Catastrophizing Scale (PCS) *° is a self-report measure of pain-
related catastrophic thinking. It consists of 13 items on a five-point Likert scale (from 0 = “not at
all” to 4 = “all the time”). The total score ranges from 0 to 52, with higher scores indicating higher
levels of pain catastrophizing *’°. The Italian version 3’° has psychometric properties comparable
to the original version. In the current study, internal consistency was excellent (Cronbach’s o =
0.89).

Pain acceptance. The Chronic Pain Acceptance Questionnaire (CPAQ) is a measure of pain
acceptance 22371372 that consists of 20 items scored on a 7-point Likert scale (0= ‘Never true’ to
6= ‘Always true’). The maximum total score is 120, with higher scores indicating greater

acceptance. The Italian version of the questionnaire was used 3’3, which, in line with the original
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version, has obtained good psychometric properties. In the present study, the internal consistency
of this measure was excellent (Cronbach’s o = 0.90).

Self-report physical functioning limitations. The Physical Functioning subscale of the
Fibromyalgia Impact Questionnaire- Revised was used to assess self-reported physical functioning
limitations (PF-FIQR). The FIQR consists of 21 items. The items are scored on an 11-point
numeric rating scale ranging from 0 to 10, with 10 representing the "worst" functioning scores. All
questions concern the operation of the previous seven days. Higher total scores indicate a greater
impact of the disease as well as poorer functioning. The FIQR evaluates three domains: (a)
"physical function,” (b) "overall impact,” and (c) "symptoms.” The total score, which evaluates
the impact of FM on overall functioning, can also be calculated. Given the purpose of the current
study, the physical function subscale was used. The FIQR's physical functioning subscale, in
particular, includes 9 items designed to assess the degree of physical impairment. This scale has
previously been used in research 331364374375 The physical functioning subscale of the FIQR has
a score range of 0 to 30, with higher scores indicating poor physical functioning. The FIQR and
its subscales have excellent psychometric properties and discriminant ability. Internal consistency
was high in the current study (Cronbach's = 0.82).

Performance-based physical functioning. The 6-Minute Walking Test (6MWT) is a performance-
based test that assesses the ability to walk for a set distance and is a simple and low-cost measure
of physical function. The 6MWT has been used in research with persons with FM 331375376 with
good applicability and reliability findings 33377, In this test, the participant must walk for six
minutes along a 45.7-meter-long rectangular course. Walking distance is measured in meters, with
higher scores indicating improved physical performance. The distance walked during the 6MWT
was found to be shorter in females with FM when compared to healthy women (i.e., discriminant

validity) 3'2, Moreover, the 6MWT has good reproducibility and is recommended for assessing
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walking ability in obese individuals.®’®. Obese women were also found to walk significantly

shorter distances during the 6MWT than their normal-weight counterparts 37938,

2.3 Statistical analysis

Categorical variables were described using counts and percentages, while continuous variables
were described using means and standard deviations. Height in meters and weight in kilograms
were used to compute Body Mass Index (i.e., BMI, as the weight in kilograms divided by the
square of height in meters (kg/m2)#°), which is considered as an indicator of obesity (BMI > 30)%.
Pearson bivariate analyses were used to examine the relationships between the Numeric Pain
Rating Scale (i.e., pain severity), the Pain Catastrophizing Scale (i.e., pain catastrophizing), the
Chronic Pain Acceptance Questionnaire (i.e., pain acceptance), the Fibromyalgia Impact
Questionnaire's Physical functioning scale (i.e., self-reported physical functioning), and the 6-
Minute Walking Test (i.e., performance-based physical functioning).

We used multivariate hierarchical regression analyses to answer our research question, as has been
done in previous studies. We checked the data's normality, linearity, homoscedasticity, and
multicollinearity assumptions before performing multivariate regression. To assess the
contribution of pain catastrophizing and pain acceptance to self-reported physical functioning
limitations, pain catastrophizing and pain acceptance were separately introduced as dependent
factors in two separate regressions. In both models, age 3%1:*%2, opioid use 32383, and pain duration
384,385 \ere entered into the first step as covariates to control for their relationship with the outcome
measures. Pain severity was entered in the second step, because of its association with physical
functioning 33138 In the third and final step, pain catastrophizing and pain acceptance were entered

concurrently. The change in explained variance (R2) was used to assess the additional variance of
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the dependent variables accounted for by the variables in each block. The significance was

determined using a p.05. criterion. The Jamovi software was used to analyze the data 1.

3. Results

Table 1 shows the characteristics of the participants.

Table 1. Means and standard deviations of sociodemographic characteristics and clinical measures. The theoretical range and

actual range are reported. N=160

Sociodemographic characteristics N=160
Age in years (mean+ SD) 43.6+7.25
Body mass index (mean+ SD) 44.3+7.15
Pain duration in years (meant SD) 7.08+2.70
Current opioid use (%) 13.1%
Employeed (%): 71.9%
Full-time 22.5%
Part-time 49.4%
Clinical measures Theoretical range Sample’s range Mean £SD
Widespread Pain Index 0-19 7-18 13.8+£2.70
Symptoms Severity 0-12 5-11 8.13+1.85
Numeric Pain Rating Scale 0-10 3-9 5.67+1.58
Pain Catastrophizing Scale 0-52 0-44 27.3£10.3
Chronic Pain Acceptance Questionnaire 0-120 21-74 51.7+11.2
Physical Functioning subscale 0-30 9-29 17.7+4.77
6-Minute Walking Test in meters NA* 201-402 306+59.4

Note. *NA: not applicable.

3.1 Correlations

Table 2 shows Pearson's correlations between measures. Catastrophizing about pain and accepting

pain were both significantly and negatively correlated (r=-.49, p<.001). Pain catastrophizing was
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found to be significantly and positively related to pain severity (r=.42, p<.001), perceived
limitations in physical functioning (r=.43, p<.001), and performance-based physical functioning
(r=-.57, p<.001). Pain acceptance, on the other hand, was significantly and negatively related to
pain severity (r=-.39, p<.001) and limitations in physical functioning (r=-.47, p<.001); whereas it
was positively related to performance-based physical functioning (r=.52, p<.001). Perceived
physical limitations were negatively related to performance-based physical functioning (r=-.53,
p<.001), because higher scores on the self-reported physical functioning limitations measure
indicate greater disability, whereas higher scores on the performance-based test indicate better

physical functioning.

Table 2. Pearson correlation coefficients between study variables. N=160

1 2 3. 4
1. Pain severity (NPRS)
2. Pain catastrophizing (PCS) A42* -
3. Pain acceptance (CPAQ) -.39* -.49* -
4. Self-reported physical functioning limitations (PF-FIQR) .36* 43* -47*
5. Performance-based physical functioning (6MWT) -.38* -57* 52* -53*

Note. NPRS: Numeric Pain Rating Scale; PCS: Pain Catastrophizing Scale; CPAQ: Chronic Pain Acceptance Questionnaire; PF-

FIQR: Physical Functioning subscale of the Fibromyalgia Impact Questionnaire; 6MWT: 6 Minute Walking Test. * p < .001.

3.2 Hierarchical regression relative to self-reported disability
Self-reported physical functioning limitations were used as the dependent variable in the first

multivariate hierarchical regression study (Table 3). The demographic characteristics (i.e., pain
duration, age, current opioid use, and body mass index) included in the first step explained a

nonsignificant 4% (R?= 0.04) variance of self-report physical functioning limitations in the first
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step (F (4,155) =1.78; p =0.14). Pain severity, which was included in the second step, significantly
contributed an additional 12% of the explained variance (AF (1,154) = 22.60; p < .001; AR?=0.12)
of self-report physical functioning limitations. The third step, which included pain catastrophizing
and pain acceptance, significantly explained an additional 17% of the variance of self-reported
physical functioning limitations (AF (2,152) = 20.10; p < .001; AR?=0.17).

In the final model, opioid use (B = 2.66, p=.006), pain acceptance (B =-0.13, p <.001), and pain
catastrophizing (B = 0.12, p = <.001) contributed unique variance to the prediction of self-reported
physical functioning limitations. When the contribution of pain catastrophizing and pain
acceptance was taken into account, pain severity, which was significantly associated with self-

reported physical functioning limitations in the second step, became nonsignificant.

Table 3. Multivariate hierarchical regression predicting self-report physical functioning limitations.

Step 1 Step 2 Step 3
Factors B (SE) p B (SE) p B (SE) p
Pain duration -0.04 (0.14) 792 0.02 (0.13) 856 -0.07 (0.12) 566
Age -0.01(0.05) .826 0.02 (0.05) .707 -0.01(0.04) .929
Current opioid use 2.86(1.13) 012 2.70 (1.06)  .110 2.66 (0.95) .006
Body Mass Index 0.01 (0.05) 897 -0.04 400 -0.09 (0.23) .054
(0.05)

Pain severity 1.09 (0.23) <.001 0.44 (0.23) .060
Pain catastrophizing 0.12(0.04) .003
Pain Acceptance -0.13 (0.03) <.001
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3.3 Hierarchical regression relative to performance-based functioning
The dependent variable in a second multivariate hierarchical regression was performance-based

physical functioning (Table 4). The first step, which included demographic variables (i.e., pain
duration, age, current opioid use, body mass index), explained a significant 12% (R?=0.12)
variance of performance-based physical functioning (F (4,155) =5.23, p=<0.001). In the second
step, pain severity contributed an additional 14% variance of performance-based physical
functioning (AF (1,154) =28.9; p<.001; AR? =0.139). Next, pain catastrophizing and pain
acceptance included in the third step significantly explained an additional 23% variance of
performance-based physical functioning (AF (2,152) = 33.3; p <.001; AR?=0.226).

Pain duration, current opioid use, and pain severity were significantly associated with
performance-based physical functioning in the final model. Additionally, both pain catastrophizing
(B = —0.364; p < .001) and pain acceptance (B =0.272; p = <.001) uniquely and significantly

contributed to performance-based physical functioning.

Table 4. Multivariate hierarchical regression predicting performance-based physical functioning.

Step 1 Step 2 Step 3
Factors B (SE) p B (SE) p B (SE) p
Pain duration -3.85 (1.66) .022 -4.65 (1.54) .003 -3.37 (1.30) .010
Age -1.07 (0.62) .089 -1.16 (0.58) .045 -0.81 (0.49) .099
Current opioid use -37.79 (13.47) .006 -35.68 (0.59) .005 -35.99 (10.43) <.001
Body Mass Index -1.02 (0.63) .109 -0.36 (0.59) 544 0.29 (0.51) 574
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Pain severity -14.46 (2.69) <.001 -5.05 (2.54) .048

Pain catastrophizing -2.21 (0.43) <.001
Pain Acceptance 1.45 (0.37) <.001
4. Discussion

The goal of this research was to evaluate the contribution of pain catastrophizing and pain
acceptance to self-reported and performance-based physical functioning in people with FM and
obesity. When measured using a self-report and a performance-based measure, we found that
higher pain catastrophizing and lower pain acceptance were significantly associated with poorer
physical functioning. Even after controlling for body mass index, pain duration, current opioid use,
and pain severity, both pain catastrophizing and pain acceptance were significant predictors of
self-report and performance-based physical functioning. However, contrary to our expectations,
psychological variables had a greater impact on performance-based physical functioning than on
self-reported physical functioning.

Research has shown that pain catastrophizing and pain acceptance are important predictors of self-
reported physical functioning in samples with acute %#7-3 and chronic pain %3#°  including FM
334390393 " Oyr findings are in line with the evidence presented previously. Previous research, on
the other hand, has primarily focused on subjective functional capacity measures. Our study adds
to the body of knowledge by combining a self-report measure with a performance-based test that
provides a more objective assessment of physical function. Psychological factors play a role in
both perceived and actual physical functioning, according to the findings of this study.
Importantly, both pain catastrophizing and pain acceptance played a separate role in the prediction

of self-report and performance-based functioning, implying that the two factors are likely to
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influence physical functioning in different ways. Finally, the fact that both psychological factors
had a significant impact on physical functioning when combined in a multivariate analysis supports
the idea that they should be targeted separately in multidisciplinary interventions. Furthermore,
this supports the validity of various psychological models for understanding pain, such as the Fear-
Avoidance Model and the Psychological Flexibility Model.

Individuals who catastrophize tend to appraise pain as a catastrophic and harmful experience and
frequently ruminate and feel hopeless about it 33¢3%. According to the findings, the tendency to
catastrophize about pain may have a negative impact on both an individual's perception of what
they are capable of in terms of physical performance (i.e., what | think | can do) and their actual
physical performance (i.e., what | can do). We propose a mechanism for why this could happen.
Pain catastrophizing might increase the level of attention and awareness of painful sensations 3%,
thus increasing protective behaviors. Individuals with chronic pain who catastrophize engage in a
variety of safety behaviors (e.g., activity avoidance, movement restriction, and guarded
movement) to prevent the worsening of pain symptoms °. Obesity, in turn, might increase
avoidance in chronic musculoskeletal pain conditions *%. Individuals' beliefs that being
overweight causes additional damage or increases pain appear to play an additional role in limiting
activity, which combined with skin friction, discomfort, respiratory difficulties 3% might result in
the avoidance of movements and in turn impediment to weight loss .

On the other hand, the willingness to continue with important activities despite pain (i.e.,
acceptance) may have a positive impact on both subjective and actual physical functioning
339,342.383 patients who accept pain as an unpleasant experience that they are willing to experience
in order to achieve their goals are more likely to move and participate in significant activities
despite the pain. Furthermore, acceptance may facilitate chronic pain adaptation by focusing on

one's personal goals rather than pain control, preventing the use of pain-avoidance behaviors

124



339342383 Taking all of the preceding into account, reducing pain catastrophizing and increasing
pain acceptance through psychological interventions may assist people with chronic pain in
reducing the use of unnecessary and harmful protective behaviors that perpetuate a cycle of
avoidance, deconditioning, and increased disability 310331332

We found a significant and moderate relationship between the self-reported measure of physical
function and the performance-based test. Our findings are similar to those of Mannerkorpi and
colleagues 33!. However, they contradict Greenberg and colleagues' findings, which found no
significant relationship between subjective and objective measures of physical functioning in
people with different types of chronic pain *%. These disparities could be attributed to differences
in sample characteristics or measurements used across studies, or they could indicate that the
relationship between subjective and objective components of physical functioning is modulated
differently in clinical conditions. While this is acknowledged, more research is required to
determine the extent to which self-report and objective measures of functioning are associated in
different populations due to the scarcity of existing studies. Such studies are significant because
they investigate whether a subjective assessment of physical functioning can be used as a reliable
alternative measure to objective tests of physical functioning, which are typically more time-
consuming.

The contribution of psychological factors was greater for performance-based physical functioning
than for self-reported physical functioning, which was an interesting and unexpected finding.
While, psychological aspects have a greater impact on factors that require cognitive evaluation >,
The results could be explained by the fact that the performance-based test was both interpreted as
painful and actually painful to perform. As a result, paying attention to a potential or actual pain-
inducing movement may cause the repertoire of pain-related cognitive/coping strategies to become

more prominent and influential in motivating different behaviors. Individuals who tend to
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catastrophize about pain, for example, may be encouraged to restrict movement when they
experience pain in real-world situations, whereas those who accept pain may be encouraged to
continue moving. More research is needed to confirm this hypothesis, which could lead to an
exciting new line of research in the future.

The body mass index was not significantly related to self-reported and performance-based physical
functioning. This result contradicted previous evidence 43251252 |t should be noted, however, that
the variability in Body Mass Index in our sample was limited because only obese people were
included. Furthermore, recent research has suggested that the BMI is an insufficient and
oversimplified measure that fails to adequately capture the complexity of obesity '23%, Different
obesity indices, such as adiposity level and adipose tissue distribution, could be used in future
studies 399400,

Current opioid use was found to be significantly associated with both self-report and performance-
based physical functioning, among other control factors. Individuals on opioid therapy may
become reliant on the medication as a result of their poor subjective and objective physical
functioning. Instead, only performance-based physical functioning was significantly related to the
duration and severity of pain. The biological function of pain is to alter behavior by prioritizing
protection and avoidance %, and it seems likely that pain has a more pronounced effect on physical
performancethan on its perception %1, Regarding pain duration, it's possible that people with a
longer history of chronic pain have developed dysfunctional coping strategies over time (such as
avoiding movement and activities due to pain persistence despite treatment) that lead to
deconditioning and disuse, worsening their ability to move 13173,

This study's findings could have a number of clinical implications. Measures of pain
catastrophizing and pain acceptance should be included in the assessment of biopsychosocial

aspects of pain in FM and obesity, according to our findings, to provide a more complete picture
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of the factors that significantly affect physical functioning. Furthermore, our findings suggest that
pain catastrophizing and pain acceptance should be treatment targets in psychological evidence-
based interventions aimed at improving physical functioning in people with FM and obesity. In
support of this hypothesis, Baranoff and colleagues **° highlighted how changes in pain
catastrophizing and pain acceptance accounted for changes in self-reported and performance-based
disability in individuals with chronic pain, primarily located in the low back. Importantly, because
both pain catastrophizing and pain acceptance are significant predictors of both perceived and
actual physical functioning, multidisciplinary interventions targeting both factors are likely to
improve both aspects of functional capacity. More research is required to test this hypothesis in
individuals with FM, especially when it is associated with obesity.

Finally, it is important to note that the willingness to move and engage in physical activity is critical
in the management of both FM and obesity. Physical activity improves physical functioning in
individuals with FM 402407 a5 well as in those with obesity “%4° Consequently, current and
previous research supports the idea that it might be beneficial to reduce pain catastrophizing and
enhance pain acceptance in order to promote adherence to physical activity and a healthy, active
lifestyle in individuals with FM and obesity. More research is needed to determine what other
factors might be important in promoting physical activity compliance.

This study has some limitations. We did not include a control group (for example, individuals who
are only affected by FM or obesity. In addition, we focused only on two psychological factors.
While both are important factors according to the pain literature, other psychological factors, such
as kinesiophobia °" or pain self-efficacy *'!, might also play a role in physical functioning.
Furthermore, while the self-report questionnaire used referred to a period in the past (e.g., the
previous week), the performance-based measure was based on the present moment. While most

available measures refer to this timeframe, the development of self-report measures that refer to
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the current time of assessment could be used to mitigate this mismatch. In addition, the pain
severity measure used in this study assesses the intensity of perceived pain at the time of
completion. Since there can be variability in levels of perceived pain in fibromyalgia even within
a single day #1414 measures that assess medial pain intensity over a week could be implemented
to address this limitation. Finally, because we focused on individuals with FM and obesity as a
comorbid condition, the findings might not be generalizable to other populations.

Our findings suggest that pain catastrophizing and pain acceptance should be addressed to improve
performance-based and self-reported physical functioning in individuals with FM and obesity. If
these components are ignored, rehabilitative interventions may neglect critical factors associated

with the maintenance of poor physical functioning and physical health.
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Study IV: Pain catastrophizing, pain acceptance and kinesiophobia

as mediators of the relationship between pain severity and disability.

Abstract

The aim of the current study was to evaluate the mediational role of pain catastrophizing, pain
acceptance and kinesiophobia in the association between pain severity and disability. Also,
disability was evaluated using both self-reported and performance based measures. 165 patients
with obesity and fibromyalgia was recruited. Two multiple mediation model was performed.
According to our results in the association between pain severity and self-reported disability, pain
acceptance and kinesiophobia played a significant role. While in the relationship between pain
intensity and performance based physical functioning pain catastrophizing and kinesiophobia
resulted as significant mediators. It appears that pain intensity has an impact on disability only
when psychological factors are taken into account. Also perceived and actual physical functioning

are influenced by different psychological factors.
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1. Introduction

In addition to widespread and persistent pain, patients with fibromyalgia experience other
distressing symptoms, such as fatigue, poor sleep quality, cognitive problems, and mood disorders
415 The etiology of FM is still unclear, but it appears that a complex interplay of genetic, biological,
and psychological factors plays a role in its development and maintenance 3%, FM has a negative

314 and is related to impaired physical functioning 3. Decline in

impact on the quality of life
physical functioning is one of the main consequences of FM and it is related with severity of
perceived pain *®%17. Hovewer, research showed that reducing pain intensity does not result in a
proportional improvement in physical functioning 78%1418418 In line with this, both
pharmacological and non-pharmacological interventions that improve physical functioning do not
consistently reduce perceived pain intensity “?°. The inconsistencies in the relationships suggest
that the relationship between pain severity and physical functioning may be mediated by other
factors (e.g. psychological factors)*?*. It is critical to identify these mediating factors because
research shows that improvements in physical functioning can lead to a reduction in pain intensity
by reversing or preventing deconditioning and disuse. Thus, focusing on the variables that mediate

the relationship between pain intensity and physical functioning could help improve functioning

and, in turn, decrease pain severity.

Cognitive, affective, and behavioral factors contribute to disability in several chronic pain
conditions 37169170 The Fear Avoidance Model 7° and the Psychological Flexibility Model 250340
are two of the most well-known model devised for describing how psychological factors influence
the progression of physical disability. According to the FAM, pain catastrophizing and
kinesiophobia are two factors that have a negative impact on the development of physical disability

56,57.138.334.335 Indeed, individuals who appraise pain as catastrophic (i.e., pain catastrophizing)
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experience pain-related fear which leads to avoidance of movement and activities associated with
pain (i.e., kinesiophobia) 1°7422, Specifically, pain catastrophizing is defined as an exaggerated and
negative appraisal of pain that occurs in response to actual or anticipated pain experiences 13936,
For example, individuals who are prone to catastrophization, magnify the threat value of pain,
ruminate on pain experiences and feel helpless. Kinesiophobia refers to an excessive, irrational,
and debilitating fear of physical movement and activity resulting from a feeling of vulnerability
due to painful injury or reinjury 423, Thus, individuals might develop cognitions and beliefs that
physical activity will result in more pain and re/injury. Pain catastrophizing and kinesiophobia,
when combined, might lead to aversion to movement and activities, which contributes to disability
and disuse, in the long run °. As a result, the patient is trapped in a vicious cycle of increasing
pain and disability.

On the contrary, pain acceptance is one of the key mechanisms that could have a positive impact
on physical functioning ***, according to the Psychological Flexibility model %2, It is defined as a
willingness to live with pain without trying to reduce, avoid or try to change it. This means that
individuals are willing to engage in valued activities and to focus on personal goals despite pain.
It is unclear which of these factors has a greater impact on FM physical functioning. Early
detection of either of these factors in FM patients may help to prevent or even reverse functional
decline.

Most of the studies focus on self-reported (i.e. subjective perception) physical functioning. Even
though this is an important aspect to consider, it appears that there might be a mismatch between
self-reported and performance-based physical functioning (e.g. six minute walking test). It has
been suggested that these two type of measurements provide different and complementary
information 3%°. Thus, different psychological factors might influence subjective physical

functioning and physical performance. It is interesting to consider whether these two aspects of
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physical functioning (i.e. self-reported and performance-based) are influenced by different factors.
This would allow us to design treatments that intervene on specific, evidence-based targets to
improve both the perceived aspect of functioning and physical performance. The importance of
improved physical function as a primary outcome in the treatment of chronic pain is widely
recognized. It is critical to assess and improve physical functioning in a comprehensive manner,
taking into account both the self-reported and performance-based physical functioning, in line with
the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMPAACT)
guidelines 3%

However, to our knowledge, no study has tested the mediating effects of multiple psychological
factors such as pain catastrophizing, kinesiophobia, and pain acceptance on the association
between pain intensity and disability (both self-reported and performance-based) in individuals
with FM. This type of study would allow us to compare the relative importance of these three
psychological factors as mediators. Based on previous results on chronic low back pain °’,
heterogeneous chronic pain 424425 and FM patients 3, we hypotesized that pain catastrophizing,
kinesiophobia, and pain acceptance would mediate the relationship between pain intensity and

physical functioning.

2. Methods

2.1 Procedure and participants

A cross-sectional study was performed. Power analysis. We consecutively recruited one hundred
and sixty-five individuals at the start of a one-month-long hospitalization for physical
rehabilitation and weight loss. The recruitment process began in June 2020 and ended in July 2021

at the IRCCS Istituto Auxologico Italiano, U.O. di Riabilitazione Osteoarticolare, Ospedale S.
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Giuseppe, Piancavallo, Italy. Data was collected during the first week of diagnostic assessment,
prior to the start of any physical therapy and nutritional intervention.

Participants were eligible if they met the following criteria: (a) had previously been diagnosed
with FM by a rheumatologist 2°°; (b) met the American College of Rheumatology (ACR) Research
Criteria 03%7 as measured by the Fibromyalgia Survey Questionnaire 3#4; (c) were between the
ages of 18 to 60 ; and (d) could sign an informed consent form. Patients were excluded if they (a)
had psychiatric disorders with psychotic symptoms; (b) had a diagnosed personality disorder; (c)
had previously received psychological intervention for FM management; (d) had comorbid acute

or chronic pain conditions other than FM.

2.2 Measures

Participants filled out a self-report form with sociodemographic information such as age, weight
(in kilograms), and height (in centimeters),

Pain intensity. The Numeric Pain Rating Scale (NPRS) was used to assess pain severity levels. It
is a well validated and widely used measure for pain severity in chronic pain conditions. It is

composed by 11-point scale where 0 = no pain and 10= worst possible pain.

Pain catastrophizing. The Pain Catastrophizing Scale (PCS) *%° is a measure of catastrophic
thinking about pain. It comprises 13 items on a five-point Likert scale, from 0 = “not at all” to 4 =
“all the time”. The total score ranges from 0 to 52, with higher scores corresponding to higher
levels of pain catastrophizing *7°. The Italian version 37° shows psychometric properties similar to

the original version. Internal consistency was excellent in the current study (Cronbach’s a.= 0.90).

Pain acceptance. The Chronic Pain Acceptance Questionnaire (CPAQ) is a self-report measure of

pain acceptance 25231372 |t consists of 20 items on a 7-point Likert scale, from 0= “never true” to

133



6= “always true”). The maximum total score is 120, with higher scores corresponding to higher
levels of pain acceptance. The Italian version of the questionnaire 3”3 has psychometric properties
in line with the original version. In the present study, the internal consistency of this measure was

excellent (Cronbach’s o = 0.89).

Fear of movement. The Italian version 12 of the Tampa Scale of Kinesiophobia (TSK) '3 was
used to evaluate kinesiophobia. The TSK consists of 13 items ranging from “strongly disagree” to
“strongly agree”, on a 4-point Likert scale 1%, The TSK has two sub-scales relative to activity
avoidance (i.e., belief that activities that cause pain should be avoided) and harm (i.e., belief that
pain is a sign of bodily damage). The total score ranges from 13 to 52 with higher scores indicating
higher levels of kinesiophobia 3. The TSK has been validated in chronic LBP . The Italian
version of the TSK shows a good factorial structure and acceptable psychometric properties 3. In

the current study, the internal consistency of this measure was excellent (Cronbach’s 0=0.90).

Self-reported disability. The Physical Functioning subscale of the Fibromyalgia Impact
Questionnaire- Revised was used to assess self-reported disability (PF-FIQR). The FIQR is a 21-
item measure with a numeric rating scale of 0 to 10, with 10 corresponding to “worst” functioning
scores. All questions concern the functioning of the previous seven days. The FIQR evaluates three
domains: (a) "physical function,” (b) "overall impact,” and (c) "symptoms." The total score
evaluates the impact of FM on overall functioning, with higher total scores indicating a greater
impact of the disease and poorer functioning. Given the purpose of the current study, the physical
function subscale was used. The FIQR's physical functioning subscale includes 9 items that assess
the degree of physical impairment. This scale has previously been used in research,333366:376.377

The physical functioning subscale of the FIQR has a score range of 0 to 30, with higher scores
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indicating poor physical functioning. The FIQR and its subscales have good psychometric
properties and discriminant ability. In the current study, internal consistency was good

(Cronbach’s a = 0.82).

Performance based physical functioning. The 6-Minute Walking Test (6MWT) is a performance-
based test that is used to assess the ability to walk. It is a quick and inexpensive measure of physical
functioning. The 6BMWT has been used in research with persons with FM 333377378 with good
applicability and reliability findings 33337, In this test, the participant is required to walk for six
minutes along a rectangular course of 45.7 meters. Walking distance in meters is measured and
higher scores indicate better physical performance. The distance walked during 6MWT and has
been found to be shorter in females with FM than in healthy women (i.e., discriminant validity)
814 The 6MWT has good reproducibility and is recommended for assessing walking ability in
individuals with obesity 3. Women with obesity have also been found to walk significantly

shorter distances during the 6MWT than their normal-weight counterparts 38382,

2.3 Statistical analysis

For continuous variable, descriptive statistics were calculated in terms of means, standard
deviations and ranges, and for categorical variables, in terms of frequencies and percentages.

Preliminary, to identify potential covariates, Pearson’s correlation was used to verify the
relationship between age, BMI, and scores at clinical measures. We used point-biserial correlation
to study the association with sex. Correlation coefficients were classified according to Cohen 82
(.10=small; .30=medium; .50=large). Prior to perform the main analyses, the multicollinearity the

independent factors and the mediators scores was tested.
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Pearson’s correlation coefficients were performed to analyze the relationships between variables.
sociodemographic characteristics that showed significant association in bivariate analyses with the
outcome variable were included in the multiple mediation analysis to control confounding
variables.

We performed two multiple mediation models. In the first model, we evaluated pain
catastrophizing, pain acceptance, and kinesiophobia as mediators (i.e., M) of the effect of pain
intensity (i.e., X) on self-reported physical functioning (i.e., Y). In the second model, we evaluated
pain catastrophizing, pain acceptance, and kinesiophobia as mediators of the effect of pain
intensity on performance-based physical functioning. The mediation analysis calculated the direct
effect, the indirect effect, and the total effects (Preacher & Hayes, 2008). The effect of X (i.e., pain
intensity) on Y (i.e., physical functioning) is referred to as the direct effect (c'path). The effect of
XonY via M (i.e., pain catastrophizing, pain acceptance, kinesiophobia) is referred to as indirect
effects (ab paths). Path a represents the effect of X on M, whereas path b is the effect of M on Y
controlling the effect of X. Lastly, we determined the total effect of X on Y (c path), which is the
sum of the direct effect and indirect effects (Preacher & Hayes, 2008). The paths were quantified
with unstandardized regression coefficients (B) since they are the preferred metric in causal
modeling and standardized coefficients are considered uninterpretable. To test the significance of
the indirect effects, bias-corrected (BC- CIs) bootstrap confidence intervals were computed
following the procedures recommended by Preacher and Hayes (2008). The bootstrap estimates

were based on 5000 bootstrap samples and a 95% CI was used.

3. Results

3.1 Sample characteristics

Table 1 summarizes demographic and clinical characteristics of the sample.
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Table 1. Means, standard deviations of sociodemographic variables and clinical measures.

Sociodemographic Variables N=165
Age in years (meant SD) 43.8+7.26
BMI (meant SD) 44.4+7.22
Pain duration in years (meant 7.13+2.71
SD)

Current opioid use (%) 20%
Employeed (%) 49.7%
Clinical variables Theoretical range Actual range Mean +SD
NPRS 0-10 3-10 5.71+1.59
PCS 0-52 0-44 26.9£10.7
CPAQ 0-120 21-74 51.5£11.5
TSK 13-52 23-53 38.8+9.05
PF-FIQR 0-30 9-29 17.8+4.75
6MWT in meters NA 201-402 304+59.8

Note. BMI: Body Mass Index; FSQ-WPI; NPRS: Numeric Pain Rating Scale; PCS: Pain Catastrophizing Scale; CPAQ: Chronic

Pain Acceptance Questionnaire; TSK: Tampa Scale of Kinesiophobia; PF-FIQ: Physical Functioning subscale of the

Fibromyalgia Impact Questionnaire; 6MWT: 6 Minute Walking Test.

3.2 Correlations

Table 2 shows correlation coefficients among the control factors and clinical factors

Table 2. Correlation coefficients among demographic variable (i.e., age, BMI, pain duration, current opioid use, work

status), pain intensity (NPRS), pain catastrophizing (PCS), pain acceptance (CPAQ), self-reported physical functioning

(PF-FIQR) and performance-based physical functioning (6MWT).

10.
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1. Age -

2. BMI 0.03 -

3. Pain duration ~ 0.03 0.03 -

4. Opioid use 0.17 0.10 -0.14 -

5. Work status -0.01 0.10 -0.03 0.02 -

6. NPRS -0.01  0.21™ -0.08 0.03 001 -

7.PCS 0.09 020" 005 -0.05 -0.02 0.38" -

8. CPAQ -0.07 -0.19™ -0.07 0.01 0.08 -0.39™ -0.52"" -

9. TSK 012 0.26™ 0.09 0.06 -0.05 0.46™" 055"  -0.64™"

10. PF-FIQR 0.06 0.031 -0.03 0.04 -0.14 0.35™  0.44™ -050"" 054" -

11. 6MWT -1.87 -0.16~ -0.02° -0.12 001 -040"  -057" 054" -0.70™  -0.54™

Note. NPRS: Numeric Pain Rating Scale; PCS: Pain Catastrophizing Scale; CPAQ: Chronic Pain Acceptance
Questionnaire; TSK: Tampa Scale of Kinesiophobia; PF-FIQ: Physical Functioning subscale from the Fibromyalgia

Impact Questionnaire; 6MWT: 6 Minute Walking Test. * p < 0.05. ** p < 0.01. *** p < 0.001.

3.3 Mediation analysis

Table. 3 Mediation estimates of pain intensity on self-reported physical functioning

Indirect effect of pain intensity (NPRS) on self-reported physical functioning (PF-FIQR) via mediators

B SE LLCI ULCI
Pain catastrophizing (PCS) 0.155 0.117 -0.040 0.426
Pain acceptance (CPAQ) 0.298 0.119 0.050 0.527
Kinesiophobia (TSK) 0.404 0.136 0.160 0.706

Direct effect of pain intensity (NPRS) on self-reported physical functioning (PF-FIQR)

B SE LLCI ULCI

0.249 0.202 -0.137 0.655

Total effect of pain intensity (NPRS) on self-reported physical functioning (PF-FIQR) via mediators

B SE LLCI ULCI
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1.046 0.218 0.620 1.474

Mediation estimates of pain intensity on performance-based physical functioning

Indirect effect of pain intensity (NPRS) on performance-based physical functioning (6MWT) via mediators

B SE LLCI ULCI
Pain catastrophizing (PCS) -3.328 1.384 -6.732 -1.177
Pain acceptance (CPAQ) -1.399 1.120 -4.028 0.510
Kinesiophobia (TSK) -8.265 1.504 -11.460 -5.582

Direct effect of pain intensity (NPRS) on performance-base physical functioning (EMWT)

B SE LLCI ULCI

-1.854 2.253 -6.118 2.746

Total effect of pain intensity (NPRS) on performance-based physical functioning (6MWT) via mediators

B SE LLCI ULCI

-14.845 2.695 -20.127 -9.563

Note. NPRS: Numeric Pain Rating Scale; PCS: Pain Catastrophizing Scale; CPAQ: Chronic Pain Acceptance Questionnaire;
TSK: Tampa Scale of Kinesiophobia; PF-FIQ: Physical Functioning subscale from the Fibromyalgia Impact Questionnaire;

6MWT: 6 Minute Walking Test.

4. Discussion

According to our results, the level of perceived pain intensity affects the physical functioning of
people with FM and obesity only when the cognitive and emotional aspects of pain interpretation
and response are considered. However, these psychological factors differentially explain the
relationship between pain intensity and self-reported and performance-based physical functioning.
Specifically, the relationship between pain intensity and self-reported physical functioning appears
to be fully mediated by pain acceptance and kinesiophobia, with no significant role for pain
catastrophizing. On the other hand, the relationship between pain intensity and performance-based

physical functioning is fully mediated by kinesiophobia and pain catastrophizing. During the 6
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minute walking test, the psychological aspects of potential harm and pain worsening due to
movement might become more salient. In fact, pain catastrophizing and kinesiophobia might serve
a protective function against pain and its worsening by encouraging avoidance and restriction of
movement. It is possible that a repertoire of protective responses, including pain catastrophizing
and kinesiophobia, leads to safety-seeking behavior such as avoidance. Pain is a salient and
attention-demanding signal that prompts protective action to avoid or minimize its impact. These
protective actions are functional in the case of acute pain and real threat, but they paradoxically
increase suffering and disability in the case of chronic pain, by avoiding pain confrontation. In the
case of kinesiophobia, some evidence suggests that even just imagining performing a movement
associated with pain can elicit fear. It also appears that fear of movement does not need to be
learned by experience, but rather through observation or verbal instruction. Surprisingly, pain
catastrophizing did not have a significant role as a mediator. Pain catastrophizing is one of the
most consistent predictor of pain related disability in chronic pain. Hovewer, the current findings
are in line with our previous results on invidiuals with chronic low-back pain and obesity. Also in
this study pain catastrophizing did not result as a significant predictor of disability. Instead, more
of the "dispositional” component could be highlighted during the compilation of the self-report
instrument. To improve physical functioning in this population, focusing only on pain reduction
may not be as effective as focusing also on the subject's cognitive and emotional reactions to the
pain experience. Our results reinforce previous evidence presenting self-reported and
performance-based functioning as two complementary methods that provide different information
and also appear to be influenced by different psychological factors. Moreover, to improve the self-
reported and objective dimensions of physical functioning, the target factors should be
differentiated in interventions. It seems therefore that an integration between the two models is

desirable, because both variables of the FAM and psychological flexibility model have relevance
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in mediating the relationship examined, and could be effective targets for intervention to respond

in a more functional way to the experience of pain and promote better functioning.

Overall conclusion

The first study of this project aimed to evaluate the reliability and agreement between a self-report
questionnaire on fibromyalgia-related symptoms and the diagnosis made by a rheumatologist. This
tool can be used as a screening tool to identify at risk individuals, and speed up the diagnosis of
fibromyalgia, allowing for early interventions. It can also be used to keep track of the progress
during multidisciplinary interventions.

Furthermore, the second study showed that psychological factors, specifically, pain
catastrophizing and pain acceptance, contribute significantly to disability in both self-report and
performance-based forms. In addition, their role as mediators (in conjunction with kinesiophobia)
in the relationship between pain intensity and disability, both self-report and performance based,
was investigated. Taken together, our results emphasize the significance of psychological factors
and their impact on disability. As a result, we stress the importance of a multidisciplinary approach,
that includes pain acceptance, catastrophizing and kinesiophobia as targets. In addition, it appears
that these factors should be consider differentialy depending on the dimension of disability being
consider, whether the perceived or performance-based aspects.

Further longitudinal and prospective studies are needed to clarify and confirm the causal direction
of the psychological components. In addition, future research should evaluate if interventions

directed to psychological factors such as pain catastrophizing, kinesiophobia and pain acceptance

141



have a significant impact also on the improvement of physical functioning, always evaluating a

self-report and an objective aspect.
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