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Abstract

Whiplash injuries are the most common form of injury following a motor vehicle
collision. The risk of developing chronic pain following whiplash injury remains high, with as
many as 50% of individuals continuing to report symptoms one year following injury. Over the
past two decades, research has accumulated showing that psychosocial factors play a significant
role in the experience of pain and disability associated with whiplash injury. In particular, pain
catastrophizing has emerged as one of the most robust psychological predictors of problematic
recovery following whiplash injury. However, research has yet to elucidate the pathways through
which pain catastrophizing impacts recovery outcomes. The program of research described in
this thesis was designed to test to hypothesis that pain catastrophizing has a negative impact on
recovery outcomes by increasing the risk of experiencing debilitating mental health symptoms
related to depression and post-traumatic stress disorder (PTSD).

The purpose of Study 1 was to identify the clinical cut-score on the Pain Catastrophizing
Scale (PCS) indicative of heightened risk for experiencing comorbid depression and PTSD. A
second objective of Study 1 was to determine whether the presence of clinically significant
symptoms of depression and PTSD might act as vehicles through which pain catastrophizing
might impact on occupational disability. Results revealed that a PCS score of 22 best
distinguished between participants with and without mental health comorbidity. In addition,
findings showed that mental health comorbidity was a pathway through which pain
catastrophizing impacted occupational disability. These findings suggest that the PCS could be
used to alert clinicians to the possible presence of clinically significant mental health conditions,
and that mental health symptoms, in conjunction with pain catastrophizing, might be important

targets of intervention following whiplash injury.



In Study 2, we investigated the direction of influence of pain catastrophizing on pain
severity and symptoms of mental health problems in individuals with whiplash injuries.
Although pain catastrophizing has been shown to be a prognostic indicator for pain severity and
the co-occurrence of mental health symptoms of depression and/or PTSD following whiplash
injury, the pattern of existing findings is limited in its implications for the possible ‘causal’ or
‘antecedent’ role of pain catastrophizing. A cross-lagged panel analysis was used to explore the
temporal relations between pain catastrophizing, pain severity, depressive symptoms, and PTSD
symptoms at all three timepoints. Model fit was acceptable and revealed that pain catastrophizing
at Time 1 (baseline) and Time 2 (4 weeks later) predicted all other variables at the following
timepoints (4 and 7 weeks, respectively). These findings support the view that pain
catastrophizing might play a transdiagnostic role in the onset and maintenance of health and
mental health conditions.

Taken together, the results of the studies in the current thesis improve our understanding
of the relations between pain catastrophizing, mental health difficulties, and pain-related
recovery outcomes. The findings provide evidence for the important role of pain catastrophizing
in clinical outcomes following whiplash injury and emphasize the importance of developing
treatment techniques that target pain catastrophizing in intervention programs for whiplash
injury. Greater attention to the detection and treatment of mental health conditions, through the
assessment and targeting of pain catastrophizing, might contribute to more positive recovery

outcomes following whiplash injury.



Résume

Les entorses cervicales sont les blessures les plus communes a la suite d’un accident de
voiture. Le risque de développer une douleur chronique a la suite d’une entorse cervical demeure
élevé : jusqu’a 50% des individus blessés rapportent des symptomes un an apreés leur blessure.
Au cours des deux derniéres décennies, la recherche démontrant le rdle significatif de la pensée
catastrophique lors de I’expérience de douleur et d’invalidité associé aux entorses cervicales s’est
accrue. En revanche, les voies par lesquelles la pensée catastrophique face a la douleur impacte
les résultats du rétablissement demeurent incertaines. Cette these a été congu pour tester
I’hypothése que la pensee catastrophique face a la douleur augmente le risque de développer des
symptdmes incapacitants de santé mentale relié a la dépression ou a un trouble de stress post-
traumatique (PTSD), lesquels ont un impact néfaste sur les résultats du rétablissement.

Le but de I’étude 1 était d’identifier un point de coupure sur I’Echelle de pensée
catastrophique face a la douleur (PCS) indiquant un risque éleve de subir une dépression ou
PTSD comorbide. Un deuxiéme objectif était de déterminer si la présence de symptémes
cliniquement significatifs de dépression et de PTSD pourrait étre une facon par laquelle la pensée
catastrophique face a la douleur pourrait avoir un impact sur 1’invalidité professionnelle. Les
résultats ont démontré qu’un point de coupure de 22 sur le PCS permettait a identifier les
participants avec un trouble de santé mentale comorbide. De plus, les résultats suggerent que la
pensée catastrophique face a la douleur impacte I’invalidité professionnelle a travers la présence
de trouble de santé mentale comorbide. Ces résultats suggerent que le PCS pourrait alerter les
cliniciens a la présence potentielle de symptémes cliniquement significatifs de troubles de santé
mentale. De plus, les symptdmes de troubles de santé mentale a la suite d’une entorse cervicale

pourraient étre une cible d’intervention importante conjointement avec la pensée catastrophique.



Lors de I’étude 2, nous avons investigué 1’influence directionnelle de la pensé
catastrophique face a la douleur sur les symptdmes de trouble de santé mentale et sur 1’intensité
de la douleur chez les individus avec une entorse cervicale. Alors que la pensée catastrophique
face a la douleur s’est révélée étre un indicateur prognostique pour I’intensité de la douleur et
cooccurrence des symptémes de trouble de santé mentale comme la dépression et le PTSD a la
suite d’une entorse cervicale, le modele des résultats de la recherche déja existant est limité dans
sa capacité d’impliquer un role possiblement ‘antécédant’ de la pensée catastrophique face a la
douleur. Une analyse de modéle autorégressif démontra que les niveaux antérieurs de pensée
catastrophique face a la douleur pouvaient predire les niveaux postérieurs de I’intensité de la
douleur et des symptémes de déepression et de PTSD. Ces résultats appuient la perspective que la
pensée catastrophique face a la douleur pourrait jouer un réle transdiagnostique pour les
conditions de santé et de santé mentale.

Vus dans 1’ensemble, les résultats des études de la thése actuelle améliorent notre
compréhension de la relation entre la pensée catastrophique face a la douleur, les troubles de
santé mentale, et les résultats du rétablissement reliés a la douleur. Les résultats fournissent des
preuves du réle important de la pensée catastrophique face a la douleur lors des résultats
cliniques a la suite d’une entorse cervicale. De plus, les résultats soulignent 1I’importance du
développement des techniques d’intervention ciblant la pensée catastrophique face a la douleur
lors des programmes d’intervention pour les entorses cervicales. Evaluer et cibler la pensée
catastrophique face a la douleur permettrait davantage la détection et le traitement des troubles

de santé mentale, ainsi améliorant les résultats de rétablissement suite d’une entorse cervicale.
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Contribution of Original Knowledge

Although previous findings suggest that (1) both pain catastrophizing and mental health
conditions impact on recovery outcomes following whiplash injury, and (2) there are significant
associations between pain catastrophizing and mental health conditions in individuals with
whiplash injury, the nature of the relationship between pain catastrophizing and mental health
following whiplash injury and how this impacts recovery remained unclear. The current thesis is
composed of two original manuscripts that were written to address these gaps in the literature.
Study 1 (Chapter 2) was accepted as a peer-reviewed publication in Clinical Journal of Pain.
Study 2 (Chapter 3) has been submitted to a peer-reviewed journal, Clinical Journal of Pain, and
is awaiting a response following an initial revision of the manuscript.

The work presented in the current thesis aimed to address these knowledge gaps in
several ways. Study 1 focused on the clinical implications of the associations between pain
catastrophizing and mental health conditions following whiplash injury. We specifically
explored the relationship between the presence of clinically significant symptoms of mental
health conditions (i.e., depression and PTSD) and pain catastrophizing. Study 1 was the first to
determine a clinical cut-score on the PCS which indicates heightened risk of experiencing
clinically significant symptoms of depression and/or PTSD. As such, Study 1 advances existing
knowledge in the whiplash rehabilitation literature by providing clinicians with a tool (i.e., a cut-
score of 22 on the PCS) signaling a heightened risk of experiencing a mental health condition,
thereby providing information on when to refer patients to a mental health specialist.

Study 1 also aimed to advance our understanding of the clinical implications of the
relationship between pain catastrophizing and mental health symptoms from a mechanistic

perspective. Findings from Study 1 revealed that pain catastrophizing impacted occupational
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disability one year following treatment through the presence of mental health comorbidity (i.e.,
the presence of clinically significant symptoms of depression and/or PTSD). Study 1 advances
existing knowledge in the whiplash rehabilitation literature by demonstrating that pain
catastrophizing contributes to challenges in returning to work following a whiplash injury
through clinically significant symptoms of depression and PTSD.

Study 2 was conceived to directly address the temporal nature of the relations between
symptoms of mental health conditions (i.e., depression and PTSD), pain catastrophizing, and
pain severity. Study 2 was the first empirical study to demonstrate the antecedent role of pain
catastrophizing in predicting mental health symptoms (i.e., depression and PTSD) and pain
severity during treatment for whiplash injury. Study 2 contributes original knowledge to the
literature on psychosocial risk factors by providing preliminary evidence for the potential
transdiagnostic role of pain catastrophizing in negatively impacting depressive symptoms, PTSD

symptoms, and pain severity during treatment following whiplash injury.

11



Contribution of Authors

This thesis consists of two multi-authored manuscripts. The author of this thesis, Ms.
Catherine Paré, was the primary author on each of these manuscripts. Study 1 was co-authored
with Dr. Pascal Thibault, Dr. Pierre C6té, honours thesis students Ms. Stephania Donayre
Pimentel and Ms. Shiyang Shen, Dr. Esther Yakobov, and Dr. Michael Sullivan, Ms. Paré’s PhD
supervisor. Study 2 was co-authored with Dr. Keiko Yamada and Dr. Michael Sullivan. As lead
author of both studies, Ms. Paré conceptualized the study design, planned and performed all data
analyses, wrote the manuscripts, and responded to reviewers following submission of the
manuscripts. In addition, Dr. Michael Sullivan provided guidance and support for both studies
with respect to study design, data analysis, manuscript preparation, and revisions. For Study 1,
Dr. Pascal Thibault assisted with data collection and manuscript revisions. Dr. Pierre C6té and
Dr. Esther Yakobov assisted with manuscript preparation and revisions. Ms. Stephania Donayre
Pimentel and Ms. Shiyang Shen assisted in conducting preliminary research for conceptualizing
the study design as well as manuscript preparation. For Study 2, Dr. Keiko Yamada assisted with

planning and performing data analyses as well as manuscript revisions.

12



List of Abbreviations
ACT: Acceptance and Commitment Therapy
AUC: Area Under the Curve
AUD: Australian Dollars
B: Standardized regression coefficient
BDI-11: Beck Depression Inventory — |1
CAD: Canadian Dollars
CBT: Cognitive Behavioural Therapy
CFI: Comparative Fit Index
ClI: Confidence interval
CIHR: Canadian Institute of Health Research
CRC: Canada Research Chair
CSQ: Coping Strategies Questionnaire
d: Cohen’s d effect size
FIML: Full Information Maximum Likelihood
IES-R: Impact of Event Scale — Revised
IRSST: Institut de recherche Robert-Sauvé en santé et en sécurité du travail
MDD: Major Depressive Disorder
MPQ: McGill Pain Questionnaire
MPQ-PRI: Pain Rating Index of the McGill Pain Questionnaire
n: Sample size
n.s.: Non-significant

NRS: Numerical rating scale



NSAIDS: Non-steroidal anti-inflammatory drug
OR: Odds ratio

OTC: Over the counter

p: p-value

PCS: Pain Catastrophizing Scale

PTSD: Post-traumatic stress disorder

PTSS: Post-traumatic stress symptoms

r: Pearson correlation coefficient

R2: Coefficient of determination

RCT: Randomized controlled trial

ROC: Receiver Operating Curve

RMSEA: Root Mean Square Error of Approximation
RTW: Return to work

SAAQ: Société de I’assurance automobile du Québec
SD: Standard deviation

SE: Standard error

SPSS: Statistical Package for the Social Sciences
SRMR: Standardized Root Mean Square Residual
t: t-statistic

TLI: Tucker-Lewis Index

T1: baseline/time of admission

T2: mid-treatment (4 weeks after T1)

T3: post-treatment (7 weeks after T1)

14



WAD: Whiplash-Associated Disorder
x2: Chi-square

Y/N: ‘yes or no’ (dichotomous variable)

15



Chapter 1: General Introduction

Whiplash injuries, also referred to as whiplash-associated disorders (WAD), are a
common type of injury sustained in motor vehicle collisions (Joslin et al., 2004). Whiplash
injuries are musculoskeletal injuries characterized by trauma to the soft tissues of the cervical
spine due to the sudden acceleration and deceleration, and subsequent flexion and extension, of
the head and neck (Spitzer et al., 1995). Nearly 2 million emergency department visits are
attributed to whiplash injuries arising from motor vehicle collisions every year in North America
(Niska et al., 2010). In North America, the yearly economic burden of whiplash injury is
estimated to be in excess of 250 billion dollars due to health care costs, lost productivity, wage
replacement, and litigation (Blincoe et al., 2002; Foreman & Croft, 2002).

Whiplash injury is associated with the highest costs of all injuries incurred in motor vehicle
collisions (Cassidy et al., 2000; Pink et al., 2016; Quinlan et al., 2004). A study of road trauma
patients with neck pain found that the mean cost per patient, including acute and post-acute (i.e.,
after the initial post-accident hospital visit) care, was 10 153 $AUD (10 506 $CAD?; SD =
10 791 $AUD) (Ackland et al., 2012). Over half of the total post-acute costs incurred by the
sample were due to the loss of earnings experienced by study participants following their injury
(161 200 $AUD; 166 809 $CAD?). The prevalence of pain-related disability associated with
musculoskeletal disorders has been increasing steadily despite numerous policy, prevention, and
intervention initiatives launched to date (Overaas et al., 2017).

In 1995, the Quebec Task Force developed the Quebec classification of Whiplash-
Associated Disorders to distinguish between different levels of severity of whiplash injury

(Spitzer et al., 1995). These levels include WAD Grade 0 (no neck complaints or physical signs

1 Converted from the average AUD to CAD exchange rate in the publication year of the study (2012).
2 See footnote 1.
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of injury), WAD Grade | (neck complaints such as pain, stiffness, or tenderness), WAD Grade Il
(neck complaint with musculoskeletal signs such as limited range of motion), WAD Grade 111
(neck complaint with neurological signs such as headaches, dizziness, or tinnitus), and WAD
Grade 1V (neck complaint with fracture or dislocation). Given that WAD Grade 0 implies no
pain or disability, and that the mechanisms of injury for WAD Grade IV involve nerve damage,
most relevant in the discussion of recovery following a musculoskeletal injury are WAD Grades
I-111.

The risk of developing chronic pain following whiplash injury remains high. As many as
50% of individuals who have sustained whiplash injuries will remain symptomatic one year
following injury (Carroll et al., 2008; Sterling, 2016). Once symptoms of pain and disability
become chronic, available methods of managing pain, whether pharmacological, physical, or
psychological, have only modest impact on suffering and function (Cote et al., 2016). Individuals
who remain work-disabled at 3-months post-injury have a high likelihood of permanent
disability (da Silva et al., 2017).

In early research, an emphasis was placed on exploring the role of biomedical factors,
such as mechanism of injury, tissue lesions or tissue pathology, as predictors of problematic
recovery following whiplash injury (Carstensen, 2012). However, research over the past 30 years
has increasingly supported the view that traditional biomedical models cannot fully account for
problematic recovery following whiplash injury. Biopsychosocial models of pain and pain-
related disability have now replaced traditional medical models as the dominant conceptual
frameworks guiding research and practice on whiplash injury (Ferrari & Schrader, 2001; Turk et

al., 2018; Walton & Elliott, 2017). These models propose that a complete understanding of pain-
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related outcomes following a whiplash injury will require consideration of the interplay among
biological, psychological, and social factors.

Pain catastrophizing has emerged as one of the most robust psychological predictors of
problematic recovery following whiplash injury (Sarrami et al., 2017; Sullivan et al., 2011). Pain
catastrophizing has been defined as an “exaggerated negative mental set brought to bear during
actual or anticipated threat, comprised of elements of helplessness, rumination, and
magnification” (Sullivan, Thorn, et al., 2001, p. 53). However, the pathways by which pain
catastrophizing impacts recovery outcomes following whiplash injury remain unclear. Several
cross-sectional and prospective studies have revealed that pain catastrophizing contributes to the
onset and maintenance of mental health problems. Specifically, research has shown that high
levels of pain catastrophizing predict more severe and prolonged symptoms of depression and
post-traumatic stress symptoms (PTSS) following whiplash injury (Andersen et al., 2016;
Carstensen, 2012; Laporte et al., 2016; Nieto et al., 2011; Sarrami et al., 2017). As such, it is
possible that the mental health problems brought about and sustained by pain catastrophizing
following whiplash injury might negatively impact recovery outcomes.

The current thesis aims to extend previous research by examining the predictive role of
pain catastrophizing on the relationship between mental health difficulties and problematic
recovery outcomes following whiplash injury. The Introduction will begin with a discussion of
the definition of pain catastrophizing in the context of pain and mental health research.
Subsequently, an overview of current conceptualizations of pain catastrophizing will be
provided. The final section of the Introduction will present research linking pain catastrophizing
to problematic recovery outcomes, followed by a description of knowledge gaps in the literature

and objectives of the thesis.
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Defining pain catastrophizing

Albert Ellis first described catastrophic thinking in the 1960s as a general factor in
psychopathology characterized by the magnification of both perceived threats and their potential
consequences (Ellis, 1962). In the 1970s, Aaron Beck applied Ellis’ definition of catastrophic
thinking as an explanatory construct for the development of depression and anxiety disorders.
Beck’s model suggested that catastrophic thinking was a form of faulty information processing
in which an individual magnifies the significance of a negative event (Beck et al., 1979).

Catastrophizing was first introduced into pain-related research in the late 1970s. Similar
to the definitions of Beck and Ellis in mental health contexts, catastrophizing was initially
defined as a maladaptive cognitive coping strategy characterized by the exaggeration of the
perceived threat of an experience (i.e., of pain) (Chaves & Brown, 1987). These researchers
conducted a study of 75 participants undergoing dental procedures and found that over a third of
participants engaged in catastrophizing (Chaves & Brown, 1978, 1987). The authors suggested
that pain catastrophizing was a cognitive coping strategy used for managing pain and stress
(Chaves & Brown, 1987). Spanos and colleagues (1979) expanded upon this line of research by
exploring the cognitive strategies used by healthy participants during the cold pressor task
(Spanos et al., 1979). The authors hypothesized that catastrophizing was a cognitive factor that
might influence how much pain participants reported. The study found that participants who
reported higher levels of pain catastrophizing did not experience a reduction in self-reported pain
during or following the cold pressor task, regardless of the number of cognitive strategies they
reported using during the task. The authors proposed that individuals who reported a higher
frequency of catastrophic thoughts demonstrated increased attention to pain-related stimuli, or

‘rumination’ about pain (Spanos et al., 1979). In 1983, Rosenstiel and Keefe developed the
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Coping Strategies Questionnaire (CSQ) to help identify the coping strategies used by individuals
experiencing chronic pain (Rosenstiel & Keefe, 1983; Rosenstiel & Roth, 1981). The CSQ
comprises several subscales, including a Catastrophizing subscale, which was found to strongly
load onto the ‘helplessness’ factor of the CSQ (Rosenstiel & Keefe, 1983).

Findings from the development of the CSQ, which highlighted the relations between
catastrophizing and helplessness, contrasted with earlier definitions of pain catastrophizing by
Beck, Ellis, and Chaves and Brown, which focused primarily on a ‘magnification’
conceptualization of catastrophizing, as well as research and conceptualizations by Spanos and
colleagues, which focused primarily on the ‘rumination’ aspect of catastrophizing. The Pain
Catastrophizing Scale (PCS) was developed by Sullivan and colleagues (Sullivan et al., 1995) to
reflect the multiple dimensions of pain catastrophizing illustrated in empirical findings. Factor
analyses of the PCS supported a three-dimensional structure for the PCS, with subscales for
magnification, rumination, and helplessness (Sullivan et al., 1995). The PCS is the most widely-
used scale for assessing pain catastrophizing and has repeatedly been found to be valid and

reliable (Wheeler et al., 2019).

Conceptual models of pain catastrophizing
A number of different conceptual frameworks have been put forward to account for the
robust relation between pain catastrophizing and adverse pain outcomes. The concept of schema
activation was the general basis for Beck’s cognitive model for depression and anxiety disorders
(Beck et al., 1979). The schema activation model proposes that a schema is activated in the
context of a stressor or a threatening event or situation. According to Beck, catastrophizing was
one of many cogpnitive distortions that could manifest following the activation of schemas related

to psychopathology such as depression (Beck et al., 1979). Catastrophizing was considered a
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form of faulty information processing in which the significance of an event was magnified,
thereby contributing to depressive thought processes and leading to the development and
maintenance of depressive symptoms (Beck et al., 1979). In the context of pain, the schema
activation model suggests that pain might act as the threatening event or situation which activates
certain schemas, subsequently leading to the manifestation of cognitive distortions such as
catastrophizing (Sullivan et al., 1997; Sullivan et al., 1998; Sullivan, Thorn, et al., 2001).
However, this model provides little information on the purpose of pain catastrophizing, nor the
mechanisms through which pain catastrophizing impacts pain-related outcomes.

A conceptual model of pain catastrophizing related to the schema activation model is the
transactional model of stress (Lazarus & Folkman, 1984). This model seeks to distinguish
between appraisals, beliefs, and coping in the context of experiencing and reacting to stressors
(Lazarus & Folkman, 1984; Sullivan, Thorn, et al., 2001). The model proposes different levels of
appraisal: a primary appraisal refers to the judgement of how stressful a particular stimulus might
be, whereas a secondary appraisal is a judgement about one’s ability to cope with a stressor, in
part related to the effectiveness of their anticipated coping style (Lazarus & Folkman, 1984).
Through the lens of the transactional model of stress, researchers have proposed that pain
catastrophizing is cognitive approach for coping with internal and external stressors and can act
as both a primary and a secondary appraisal (Keefe et al., 1999; Sullivan, Thorn, et al., 2001). As
such, it has been suggested that Lazarus and Folkman’s transactional model of stress might
provide an explanatory account for the different components of catastrophic thinking. The
rumination and magnification aspects of pain catastrophizing could be construed as primary
appraisals of a pain situation, impacting how stressful the pain experience is expected to be. On

the other hand, the helplessness component of pain catastrophizing could be construed as a
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secondary appraisal due to its influence on the perceived ability to cope with pain (Sullivan,
2012; Sullivan et al., 1995).

Another model developed to understand pain catastrophizing is the communal coping
model, which proposes that pain catastrophizing acts as a method of eliciting support or empathy
from others (Sullivan, 2012; Sullivan, Thorn, et al., 2001). Individuals with elevated levels of
catastrophizing might preferentially manage distress in an interpersonal context through the
display of pain behaviours (Sullivan, 2012). However, the interpersonal responses to an
increased display in pain behaviours (e.g., increased short-term support, reduced expectations)
could reinforce pain and illness-related behaviors over time (Craner et al., 2016). Gauthier and
colleagues (2011) explored how spousal levels of pain catastrophizing impacted the pain
behaviours of individuals living with chronic pain during a lifting task. Study results revealed
that the greatest amount of pain behaviour was demonstrated by participants with high levels of
pain catastrophizing living with spouses with low levels of pain catastrophizing. These findings
were interpreted as support for the communal coping model by suggesting that participants with
chronic pain and elevated levels of catastrophizing might demonstrate increased pain behaviours
to compensate for their partners’ underestimation of pain intensity (Gauthier et al., 2011). More
recently, a daily diary study of the relationship between pain catastrophizing, partner support,
and pain intensity in individuals with end-stage knee osteoarthritis found that, on days when
participants reported receiving less partner support, those with high levels of pain catastrophizing
reported greater pain intensity than participants with low levels of pain catastrophizing (Carriere
et al., 2020).

More recently, a conceptualization of catastrophizing as repetitive negative thinking has

been proposed (Flink et al., 2013). Repetitive negative thinking is a core component of emotion
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dysregulation in many models of psychopathology (Linton, 2013). This model proposes that pain
catastrophizing is an abstract cognition that is intrusive and difficult to disengage from (Flink et
al., 2013). The primary function of pain catastrophizing is to help with emotion regulation, both
by promoting problem-solving as well as by allowing for the avoidance of emotional and somatic
processing (Flink et al., 2013). As such, pain catastrophizing could be considered a form of
experiential avoidance (Linton et al., 2016). ACT-based interventions for pain support the
repetitive negative thinking model by demonstrating their effectiveness for reducing levels of
pain catastrophizing (Luciano et al., 2014). In addition, there exists empirical evidence to support
the significant relations between worry and pain catastrophizing (Day et al., 2015). A recent
qualitative study on the metacognition of individuals living with chronic low back pain and
elevated levels of pain catastrophizing found that many participants reported that rumination was
an important problem-solving strategy (Schutze et al., 2017). The repetitive negative thinking
model suggests that cognitions, emotions, and behaviours related to pain catastrophizing cannot
be separated, thereby proposing a more holistic understanding of this process compared to
previously proposed models.

In addition to these pain-specific theories, some pain researchers have identified the
relevance of generalizing the conceptualization of catastrophizing beyond the domain of pain.
The role of pain catastrophizing as a maladaptive cognition has been included in theoretical
models explaining the high rates of comorbidity between pain and post-traumatic stress disorder
(PTSD), such as the mutual maintenance and shared vulnerability models (Asmundson et al.,
2002; Ehlers & Clark, 2000; Sharp & Harvey, 2001). The mutual maintenance model suggests
that PTSD and pain are developed and mutually maintained by a number of cognitive, emotional,

and behavioural factors, including pain catastrophizing. Indeed, it is possible that someone who
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interprets their pain in a catastrophic manner might tend to experience symptoms of PTSD
through a catastrophic lens as well. Similarly, the notion that pain catastrophizing plays an
important role in both pain and depressive conditions was introduced over a decade ago (Linton
& Bergbom, 2011). Today, some clinicians have pointed to catastrophic thinking as having a
causal role in many different mental health conditions (Gellatly & Beck, 2016). This
transdiagnostic conceptualization of catastrophizing proposes that catastrophizing might act a
maladaptive cognition across different psychopathologies. Gellatly and Beck’s (2016)
transdiagnostic model further suggests that catastrophizing might act as a common cognitive
vulnerability process across a range of health and mental health conditions, with specific
cognitive content related to catastrophizing varying across individual conditions (e.g., phobia,
depression, pain).
Consequences of pain catastrophizing

There is a vast body of literature on the role of pain catastrophizing as a determinant of
problematic recovery outcomes following a whiplash injury. Given that research on the impact of
pain catastrophizing following musculoskeletal injury has covered a wide variety of outcomes,
this thesis will focus on discussing the following outcomes: pain severity, mental health
difficulties (specifically, depression and PTSD), and occupational disability.
Pain severity

The findings of cross-sectional and prospective studies have been consistent in showing
that pain catastrophizing contributes to more severe pain (Birch et al., 2019; Edwards et al.,
2016; Gilliam et al., 2019; Sullivan, Thorn, et al., 2001). Reviews of the literature suggest that
pain catastrophizing accounts for 7% to 31% of the variance in measures of pain severity

(Sullivan, Thorn, et al., 2001). Pain catastrophizing has been shown to be a significant
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determinant of pain severity even when controlling for other pain-related psychological variables
such as depression, fear of movement, anxiety, and symptoms of PTSD (Andersen et al., 2016;
Ruscheweyh et al., 2017; Sullivan et al., 2008). The relation between pain catastrophizing and
pain severity has been shown in numerous pain populations, including whiplash injury (Baltov et
al., 2008), low back pain (Picavet et al., 2002), arthritis (Edwards, Bingham, et al., 2006),
fibromyalgia (Lazaridou et al., 2020), neuropathic pain (Mankovsky et al., 2012), and headache
(Buenaver et al., 2008). Several studies have also shown the impact of pain catastrophizing on
pain severity in healthy participants following experimental pain manipulations (Campbell et al.,
2010; Seminowicz & Davis, 2006; Trost et al., 2015) as well as experimental manipulations of
pain catastrophizing (Severeijns et al., 2005).

The results of prospective studies suggest that high levels of pain catastrophizing might
represent a risk factor for the development of chronic pain (Casey et al., 2011; Linton et al.,
2011). Bostik et al. (2013) examined the role of pain catastrophizing as a predictor of long-term
pain in a sample of individuals being treated for acute whiplash. Scores on a measure of pain
catastrophizing predicted unique variance in pain intensity at 3- and 6-month follow-up, even
when controlling for baseline measures of pain intensity and disability (Bostick et al., 2013).
Casey et al. (2015) reported that high post-injury scores on a measure of pain catastrophizing
were associated with the persistence of pain symptoms in individuals who had lodged a claim for
whiplash injury (Casey et al., 2015). Gopinath et al. (2015) examined predictors of problematic
recovery in a sample of individuals who sustained mild to moderate injuries in a motor vehicle
crash. They reported that each unit increase on a baseline measure of pain catastrophizing was
associated with a 0.5-unit increase (on a 0 — 10 scale) in pain severity at 12 months post-injury

(Gopinath et al., 2015). Several other investigations have identified pain catastrophizing as a

25



prognostic indicator for poor recovery following whiplash injury (Carstensen, 2012; Laporte et
al., 2016; Ritchie & Sterling, 2016; Sarrami et al., 2017).

Numerous investigations have revealed that pain catastrophizing is associated with
several markers of pathological pain processing. One of the most consistent findings has been the
association between pain catastrophizing and increased temporal summation of pain (Edwards,
Smith, et al., 2006; Granot et al., 2006; Rhudy et al., 2011; Sullivan et al., 2010). Temporal
summation reflects pain facilitation processes and is operationally defined as the increase in self-
reported pain in response to repeated noxious stimulation. Temporal summation involves the
central sensitization of dorsal horn neurons in response to the repeated or sustained activation of
unmyelinated peripheral afferent C-fibres (Staud et al., 2007). Edwards et al. (2006) found that
individuals with high levels of pain catastrophizing reported significantly greater increases in
pain ratings than individuals with low levels of pain catastrophizing during the application of
repeated painful heat stimulations (Edwards, Smith, et al., 2006). Similarly, other researchers
have shown that pain catastrophizing is a significant predictor of increases in pain ratings across
repeated noxious heat pulses, even when controlling for sex and pain-related fear (George et al.,
2007). Pain catastrophizing has also been found to be a significant cross-sectional predictor of
sensitivity to physical activity in participants with knee osteoarthritis (Wideman et al., 2014).

Numerous studies have also shown a relation between pain catastrophizing and
conditioned pain modulation. Conditioned pain modulation reflects pain inhibition processes and
has been operationally defined as the reduction in pain severity experienced in response to a
noxious stimulus when a second noxious stimulus is applied to another part of the body (i.e., the
degree to which pain inhibits pain) (Yarnitsky, 2010). A relation between pain catastrophizing

and inefficient pain inhibition has been demonstrated in individuals with post-surgical pain
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(Grosen et al., 2014), chronic pain (Christensen et al., 2020), and healthy individuals following
experimental pain induction (Goodin et al., 2009; Weissman-Fogel et al., 2008).

Research has also revealed a relation between pain catastrophizing and multi-site pain.
Some investigators have proposed that the distribution of pain symptoms might be a separate
dimension of pain, beyond pain quality or severity (Coggon et al., 2013). Bortsov et al. (2013)
reported a significant association between pain catastrophizing and multi-site pain in a sample of
patients recruited from emergency departments following a motor vehicle collision (Bortsov et
al., 2013). An experimental study conducted with healthy students similarly revealed that pain
catastrophizing prospectively predicted the number of pain sites after pain was experimentally
induced using a delayed-onset muscle soreness protocol (Niederstrasser et al., 2014).

Several investigations have also examined the neuroanatomical correlates of pain
catastrophizing. Gracely and colleagues (2004) reported that neural activity increased as a
function of catastrophizing levels in brain regions implicated in the anticipation of pain (medial
frontal cortex, cerebellum), attention to pain (contralateral rostral anterior cingulate gyrus,
bilateral dorsolateral prefrontal cortex), emotional aspects of pain (ipsilateral claustrum), and
motor control (parietal cortex, lentiform nucleus) (Gracely et al., 2004). Similar findings were
reported by Seminowicz and Davis (2006) in an experimental study of the relation between pain
catastrophizing and brain activation. They found that pain catastrophizing was positively
correlated with activation in brain areas implicated in pain facilitation processes (rostral anterior
cingulate cortex, bilateral insula, dorsolateral prefrontal cortex, thalamus, putamen, and premotor
cortex), and negatively correlated with activity in brain regions implicated in pain inhibition
(bilateral dorsolateral prefrontal cortex, right temporal lobe, posterior parietal lobe, amygdala,

and lateral primary somatosensory cortex) (Seminowicz & Davis, 2006). Indeed, there is even
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research evidence to suggest that activation in brain regions related to the anticipation of pain
mediates the relationship between pain catastrophizing and pain sensitivity (Loggia et al., 2015).
Depression

Research on catastrophic thinking is vast but has largely taken place in the domain of
pain, despite the origins of catastrophizing in mental health. There is little research exploring the
impact of catastrophic thinking in populations impacted by a diagnosed depressive condition, but
the existing evidence is promising. One study conducted with participants diagnosed with Major
Depressive Disorder (MDD) found prospective evidence for the role of pain catastrophizing in
predicting many physical aspects of quality of life (Chung et al., 2012). Additionally, in a sample
of 80 work-disabled individuals with MDD, reductions in catastrophizing significantly predicted
occupational re-engagement following a psychosocial intervention (Adams et al., 2017).

In the context of pain, many researchers have highlighted the importance of examining
the relations between catastrophizing and depression (Linton et al., 2011; Quartana et al., 2009).
The results of previous investigations have shown moderate to high correlations between pain
catastrophizing and depression (Burns et al., 2003; Geisser et al., 1994; Gilliam et al., 2017;
Hulsebusch et al., 2016). Some of the earliest findings of significant correlations between
catastrophizing and depression (Rosenstiel & Keefe, 1983) resulted in debate regarding the
conceptual similarities between measures of depression and measures of catastrophizing (Haaga,
1992; Sullivan & D'Eon, 1990). Ultimately, research led to an early consensus that
catastrophizing was a construct related, but not identical, to depression (Geisser et al., 1994;
Keefe et al., 2000; Sullivan et al., 1995; Sullivan, Rodgers, et al., 2001; Sullivan et al., 1998).

Since this conclusion was tentatively drawn three decades ago, research has continued to

elaborate on the relationship between pain catastrophizing and depression through cross-
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sectional and prospective studies. High levels of pain catastrophizing are often found in
conjunction with high levels of depression and are often associated with high pain severity and
interference (Borsbo et al., 2009; Sullivan, Simmonds, et al., 2006). Pain catastrophizing has also
consistently been shown to predict depressive symptoms in different musculoskeletal conditions,
such as rheumatic disease (Shim et al., 2017), whiplash injuries (Nieto et al., 2011), and work-
related musculoskeletal injuries (Lee et al., 2008). A recent population-based study found that, as
the number of yearly assessments in which participants reported higher levels of pain
catastrophizing increased, the likelihood that they were experiencing chronic depressive
symptoms increased significantly (OR = 2.80 for one assessment; OR = 20.45 for all five
assessments) (Glette et al., 2021). Catastrophizing has been postulated as a mechanism that
might link depression and pain (Linton & Bergbom, 2011).
Post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) has also long been studied in relation with pain
outcomes. Models have been developed to explain the overlap between PTSD and pain, such as
the mutual maintenance model (Sharp & Harvey, 2001) and the shared vulnerability model
(Asmundson et al., 2002). Numerous investigations have revealed significant correlations
between measures of catastrophizing and measures of post-traumatic stress symptoms (PTSS)
following deployment (Ciccone & Kline, 2012), whiplash injury (Ravn et al., 2019), or traumatic
injury (Giummarra et al., 2017). There is prospective evidence for pain catastrophizing as a
unique predictor of PTSS in a variety of populations (Andersen et al., 2016; Carty et al., 2011;
Ciccone & Kline, 2012). A number of researchers have found evidence for pain catastrophizing
as an important mediator in the cross-sectional and prospective relationship between symptoms

of PTSD and pain severity (Carty et al., 2011; Gilliam et al., 2019; Giummarra et al., 2017;
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Lopez-Martinez et al., 2014; Martin et al., 2010; Neville et al., 2018; Nordin & Perrin, 2019;
Tsur et al., 2017; Vaegter et al., 2017; Van Loey et al., 2018). A study of individuals with acute
whiplash injuries found that pain catastrophizing partially mediated the relationship between
PTSD and pain at baseline and fully mediated the relationship between PTSD at baseline and
pain at 3 months (Andersen et al., 2016).

Although much less empirical research exists to link catastrophic thinking with PTSD
outside the realm of pain, theoretical models of PTSD have posited that catastrophizing might
play an important role in the development and maintenance of PTSD following a traumatic event
(Paunovic, 1998). Catastrophizing as a cognitive emotional regulation strategy was found to be
significantly associated with the development of PTSD symptoms in adolescents following a
terrorist attack (Jenness et al., 2016). Recent research on military personnel has also found that
higher catastrophic thinking was associated with an increased likelihood of developing PTSD
(Seligman et al., 2019).

Disability

A growing body of research shows that pain catastrophizing is associated with more
pronounced and prolonged disability in individuals with pain conditions. The World Health
Organization has defined disability as, “any condition of the body or mind (impairment) that
makes it more difficult for the person with the condition to do certain activities (activity
limitation) and interact with the world around them (participation restrictions)” (International
Classification of Functioning, Disability and Health (ICF), 2001). Although a number of
operational definitions of disability exist in pain research, the current thesis focuses on indices of
occupational disability, which reflect the important economic and functional losses associated

with whiplash injuries (Pink et al., 2016; Sullivan et al., 2017).
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Pain catastrophizing has repeatedly been found to be a robust predictor of occupational
disability. In fact, the role of pain catastrophizing as a determinant of occupational disability in
musculoskeletal pain conditions has been the subject of numerous book chapters, systematic
reviews, and meta-analyses (Besen et al., 2015; Schultz et al., 2004; Sullivan et al., 2020;
Vargas-Prada & Coggon, 2015). Numerous correlational and prospective studies have shown
that high levels of catastrophizing are associated with prolonged work absence in individuals
with work-related musculoskeletal injuries (Sullivan et al., 1998; Sullivan et al., 2005). Indeed,
pain catastrophizing has been shown to contribute unigue variance to the prediction of prolonged
work absence following work-related musculoskeletal injuries, even when controlling for other
disability-relevant variables (Sullivan et al., 2005).

Similar results have been found in individuals with whiplash injuries. An observational
prospective study by Angst et al. (2014) was conducted in individuals with chronic (< 3 years)
whiplash-associated neck pain participating in a multidisciplinary pain rehabilitation program. A
stepwise multivariate regression analysis was conducted to determine which physical health,
sociodemographic, or psychosocial variables predicted improvement in working capacity
between baseline and a 6-month follow-up. Results from the multivariate regression revealed
that baseline pain catastrophizing was the most robust predictor of working capacity at 6 months,
following baseline working capacity and pain, and accounted for 5.7% of the variance in
working capacity improvement (Angst et al., 2014). Similarly, Carriere, Thibault, Milioto, and
Sullivan (2015) investigated the role of several psychosocial risk factors in the prediction of
occupational disability for individuals with whiplash injuries. The researchers found that, with

each 10-point increase of baseline pain catastrophizing levels, self-reported likelihood of
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returning to work at a one-year follow-up decreased by 22 points (Carriere, Thibault, Milioto, et
al., 2015).
Knowledge gaps

The pathways through which pain catastrophizing might be contributing to problematic
outcomes following whiplash injury have been relatively unexplored to date. It is possible that
the role of pain catastrophizing in the development or maintenance of mental health problems
might be one pathway through which recovery outcomes are negatively impacted. As mentioned
above, the relationship between pain catastrophizing and mental health conditions such as
depression and PTSD has been well-established in individuals with whiplash injury (Andersen et
al., 2016; Linton & Bergbom, 2011; Ravn et al., 2019). Research has also repeatedly
demonstrated that the presence of mental health problems associated with the experience of pain
appears to interfere with recovery outcomes (Beck & Clapp, 2011; Borsbo et al., 2009;
Buitenhuis et al., 2006; Dunne et al., 2012; Rayner et al., 2016). We propose that pain
catastrophizing might increase the cumulative burden of the pain experience by contributing to
the development and/or maintenance of symptoms of mental health conditions, such as fatigue,
worthlessness, and cognitive difficulties. The burden of pain would likely be augmented as a
result of the increased presence of mental health symptoms, thereby increasing the complexity of
disability and prolonging the recovery process.

Thesis objective

The present thesis was designed to test to hypothesis that pain catastrophizing has a
negative impact on recovery outcomes by increasing the risk of experiencing debilitating mental
health symptoms related to depression and PTSD. As such, two studies were conducted to

examine this gap in the literature. A first study was conducted to identify the clinical cut-scores
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on the Pain Catastrophizing Scale (PCS) indicative of heightened risk for experiencing comorbid
depression and/or PTSD. A second objective of Study 1 was to determine whether the presence
of clinically significant symptoms of depression and PTSD might act as vehicles through which
pain catastrophizing impacts occupational disability. In addition, a second study was conducted
to clarify the directional influence of pain catastrophizing on symptoms of mental health
problems and pain severity in individuals with whiplash injuries. A discussion of the results of
each study is included in their respective manuscripts, followed by a general discussion of the

theoretical and clinical implications of the findings of this thesis.
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Chapter 2: The relation between level of catastrophizing and mental health comorbidity in

individuals with whiplash injuries

Paré C, Thibault P, Cété P, Pimentel SD, Shen S, Yakobov E, Sullivan MJL. The relationship

between level of catastrophizing and mental health comorbidity in individuals with whiplash
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Abstract

Pain catastrophizing has been shown to be correlated with measures of mental health
problems such as depression and PTSD. However, the clinical implications of findings reported
to date remain unclear. To date, no study has been conducted to determine meaningful cut-scores
on measures of catastrophizing indicative of heightened risk of mental health comorbidity. One
objective of the present study was to identify the cut-score on the Pain Catastrophizing Scale
(PCS) indicative of heightened risk of the comorbidity of depression and PTSD. A second
objective was to determine whether mental health comorbidity mediated the relation between
catastrophizing and occupational disability. The sample consisted of 143 individuals with
whiplash injuries. Pain severity, pain catastrophizing, depression, and post-traumatic stress
symptoms were assessed following admission to a rehabilitation program. Mental health
comorbidity was operationally defined as obtaining a score above clinical threshold on measures
of depressive and/or post-traumatic stress symptom severity. ROC curve analysis revealed that a
PCS score of 22 best distinguished between participants with and without mental health
comorbidity. Results also revealed that mental health comorbidity mediated the relation between
catastrophizing and occupational disability. The findings suggest that a score of 22 or greater on
the PCS should alert clinicians to the possibility that patients might also be experiencing
clinically significant symptoms of depression or PTSD. Greater attention to the detection and
treatment of mental health conditions associated with whiplash injury might contribute to more

positive recovery outcomes.
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Introduction

Whiplash injury is associated with the highest costs of all injuries incurred in motor
vehicle collisions (Cassidy et al., 2000; Pink et al., 2016; Quinlan et al., 2004). The yearly
economic burden of whiplash injury in North America, arising from health care costs, lost
productivity, wage replacement, and litigation, is estimated to be in excess of 250 billion dollars
(Blincoe et al., 2002; Foreman & Croft, 2002). As many as 50% of individuals who have
sustained whiplash injuries will remain symptomatic one year following injury, with 15-20% of
cases resulting in permanent occupational disability (Carroll et al., 2008; Sterling, 2016).

Pain catastrophizing has emerged as one of the most robust psychosocial predictors of
problematic recovery following whiplash injury (Sarrami et al., 2017; Sullivan et al., 2011). Pain
catastrophizing has been broadly defined as an exaggerated negative orientation towards actual
or anticipated pain, comprising elements of rumination, magnification, and helplessness
(Sullivan et al., 1995; Sullivan, Thorn, et al., 2001). Several cross-sectional and prospective
studies have shown that pain catastrophizing is associated with several adverse health and mental
health outcomes in individuals who have sustained whiplash injuries (Laporte et al., 2016;
Ritchie & Sterling, 2016; Smith et al., 2013).

Gellatly and Beck (2016) have proposed that catastrophizing might be a risk factor for the
onset and maintenance of symptoms of psychological disorders such as depression and PTSD
(Gellatly & Beck, 2016). Consistent with this view, numerous investigations have revealed
significant relations between measures of catastrophizing and measures of depression and PTSD
(Andersen et al., 2016; Casey et al., 2015; Gilliam et al., 2017). The results of previous
investigations have shown moderate to high correlations between pain catastrophizing and

depression (Burns et al., 2003; Geisser et al., 1994; Gilliam et al., 2017; Hulsebusch et al., 2016),
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and high correlations between pain catastrophizing and post-traumatic stress symptoms (Ciccone
& Kline, 2012; Giummarra et al., 2017; Sullivan et al., 2016).

The clinical implications of research conducted to date are unclear. Significant
correlations between variables do little to assist clinicians in identifying individuals who might
be at risk for co-occurrence of mental health problems. Two variables can be correlated yet still
fall below clinical thresholds. To date, no study has been conducted to determine meaningful cut-
scores on measures of catastrophizing that would indicate heightened risk of the comorbidity of
mental health problems.

The primary aim of the present study was to identify the clinical cut-scores on the Pain
Catastrophizing Scale (PCS) indicative of heightened risk of the comorbidity of depression and
PTSD. A second objective of the present study was to determine whether the presence of
clinically significant symptoms of depression and PTSD might act as vehicles through which
pain catastrophizing might impact occupational disability. While numerous studies have reported
a relation between catastrophizing and pain-related disability in individuals with whiplash
injuries, the processes by which catastrophizing impacts on disability have not been clarified.
There is little within the item-content of measures of pain catastrophizing that suggests how
catastrophizing might contribute to disability. However, the symptoms of mental health problems
such as loss of interest, psychomotor slowing, and avoidance could be expected to interfere with
an individual’s ability to fully participate in many domestic, social, recreational, and
occupational activities.

The study objectives were addressed using a prospective cohort of individuals with
whiplash injuries who were enrolled in a functional restoration rehabilitation program.

Participants completed measures of pain severity, pain catastrophizing, depressive symptoms,
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and post-traumatic stress symptoms at the time of admission. Occupational status was assessed
one year following termination of the rehabilitation program. Receiver operating characteristic
(ROC) curve analysis was used to determine the cut-score on the PCS that best distinguished
between participants with or without scores above clinical threshold on measures of depression
and/or PTSD. Regression analysis was used to assess whether the co-occurrence of clinically
significant depression or PTSD mediated the relation between catastrophizing and occupational
disability.
Method

Participants

Participants were recruited from 6 pain rehabilitation clinics specializing in the treatment
of whiplash injuries in the province of Quebec, Canada. Individuals were considered for
participation if they had received a diagnosis of Whiplash Associated Disorder (WAD) grade II.
All participants had been employed prior to their injury and were receiving salary indemnity
through a no-fault provincial insurance system (Société de [’assurance automobile du Québec;
SAAQ). Of the 146 individuals who were enrolled in the study, 98.6% (101 women, 43 men)
completed all measures and 97.9% (100 women, 43 men) were successfully contacted for the
final assessment. The mean age of the sample was 36.26 years (SD = 9.86 years), and the mean
duration of work-disability at the time of enrolment was 9.40 weeks (SD = 5.48).
Procedure

The research program was approved by the Institutional Review Board of McGill
University. Participants signed a consent form prior to completing the study procedures.
Participants were asked to complete measures of pain severity, pain catastrophizing, depressive

symptomatology, and post-traumatic stress symptoms as part of their initial assessment. At a
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one-year follow-up, participants were contacted by phone and asked to report their occupational
status. Participants were compensated $50 for completing the questionnaires and the follow-up
interview.

Participants were enrolled in a standardized 7-week multidisciplinary functional
restoration rehabilitation program. The rehabilitation program conformed to practice guidelines
for early intervention for musculoskeletal problems consistent with reimbursement policies of
the SAAQ, emphasizing mobilization and activity (Sullivan, Thibault, et al., 2009). Intervention
teams consisted of a physiotherapist, an occupational therapist, and a psychologist. The
education and self-management components of the intervention were provided in group format,
and the exercise component of the intervention was individually tailored to participants’ needs.
Measures
Pain severity

Participants were asked to complete the Pain Rating Index of the McGill Pain
Questionnaire (MPQ-PRI) to assess their current pain severity. Participants were asked to
endorse pain adjectives that best describe their pain experiences. The MPQ-PRI is derived as the
weighted sum of the pain adjectives that were endorsed. Scores on the MPQ-PRI range from 0 to
78 (higher scores indicating more severe pain). The MPQ-PRI has been shown to be a reliable
and a valid index of an individual’s pain experience (Turk et al., 1985).

The distribution of pain sites was assessed using a schematic body drawing. The body
drawing was subdivided into 45 different areas, which were combined to represent four
anatomical categories: 1) neck, 2) back, 3) upper extremities, and 4) lower extremities.

Participants were asked to shade areas corresponding to body sites where they experienced pain.
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If an area was left blank, a score of 0 was given. A total score for number of pain sites for each
participant was derived by summing the values in each of the four anatomical categories.
Pain catastrophizing

The Pain Catastrophizing Scale (PCS) was used to assess catastrophic thinking related to
pain (Sullivan et al., 1995). The PCS consists of 13 items describing different thoughts and
feelings that individuals might experience when they are in pain. The PCS has high internal
consistency, and has been shown to be associated with heightened pain and disability as well as
poor occupational outcomes (Sullivan et al., 1995; Sullivan et al., 1998; Sullivan & Stanish,
2003).
Depression

The Beck Depression Inventory-11 (BDI-11) was used as a self-report measure of
depressive symptom severity (Beck et al., 1996). The BDI-II consists of 21 items describing
various symptoms of depression, and participants chose one of four statements that best
describes how they have been feeling in the last two weeks (Beck et al., 1996). Elevated scores
on the BDI-I1 have been shown to be an important predictor of adverse pain-related outcomes
(Boersma & Linton, 2006). Research has supported the validity and reliability of the BDI-II as a
measure of depressive severity (Bishop et al., 1993). A recent meta-analysis of the psychometric
properties of the BDI-11 recommended a cut-score of 13 for the classification of clinically
significant depression (Erford et al., 2016). A cut-score of 13 on the BDI-II has been shown to
have an average sensitivity value of .83, an average specificity of .76, and an average positive

predictive value of .66 (Erford et al., 2016).
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Post-traumatic stress symptoms

The Impact of Event Scale - Revised (IES-R) was used to assess symptoms of post-
traumatic stress. On this measure, participants are asked to rate the degree of distress they
experience in relation to different cognitive and emotional aspects of post-traumatic stress.
Ratings are made on a 5-point scale with the endpoints (0) not at all and (4) extremely (Weiss &
Marmar, 1997). The IES-R has been shown to be a reliable and valid measurement for
discriminating between individuals with and without a diagnosis of PTSD (Beck et al., 2008;
Brunet et al., 2002). A cut-score of 33 has been recommended as the threshold for clinically
significant post-traumatic stress symptoms (Creamer et al., 2003). A cut-score of 33 has been
shown to have a sensitivity of 0.91, a specificity of 0.82, and a positive predictive value of 0.90
(Creamer et al., 2003).
Follow-up interview

One year following the termination of the rehabilitation intervention, participants were
contacted by telephone to answer questions regarding their employment status. For the purposes
of this paper, current employment status was categorized as (1) resumed with full- or part-time
work or (2) work-disabled.
Data analytic approach

Portions of these data were previously published in a report addressing the relation
between expectancies and return to work outcomes (Carriere, Thibault, & Sullivan, 2015).

There were no significant differences on any of the baseline variables across recruitment
sites. As such, analyses were conducted collapsed across all 6 rehabilitation clinics from which

participants were recruited.
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T-tests for independent samples and chi-square analyses were used to compare men and
women on demographic and pain-related variables. Pearson correlations were used to examine
relations among measures of pain catastrophizing, pain severity, depressive symptoms, and post-
traumatic stress symptoms.

Mental health comorbidity was defined as clinically significant symptoms of depression,
PTSD or both. A cut-score of 13 on the BDI-II was used to classify participants as experiencing
depressive symptoms above clinical threshold (Erford et al., 2016). A cut-score of 33 on the IES-
R was used to classify participants as experiencing post-traumatic stress symptoms above clinical
threshold (Creamer et al., 2003). Logistic regression was used to assess the value of pain
catastrophizing scores in predicting mental health comorbidity.

A Receiver Operating Characteristic (ROC) curve analysis was used to identify the score
on the PCS that best distinguished between participants with and without mental health
comorbidity (Zweig & Campbell, 1993). The optimal cut-score on the PCS was chosen at the
point which maximized the Area Under the Curve (AUC) generated by the ROC curve analysis.
This approach has previously been used to identify clinically meaningful scores on pain-related
variables (Farrar et al., 2001).

Logistic regression was also used to assess the predictive value of mental health
comorbidity for estimating employment status. Of interest was whether mental health
comorbidity predicted rehabilitation outcomes beyond the variance accounted for by pain
catastrophizing. Tolerance coefficients for variables included in the regression analyses were
greater than .60, indicating no problem of multicollinearity. All analyses were conducted with

SPSS Version 24.
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Results

Sample characteristics

Demographic information for the sample at admission is presented in Table 1. Women
and men differed significantly in their level of education (y? = 13.80, p = .008) and their
employment (2 = 34.75, p = .000). No other significant gender differences were found on any
sample characteristics.
Correlations among measures

Means and standard deviations of pain-related variables are presented in Table 2. No
significant gender differences were found on any pain-related variables; as such, means and
correlations of pain-related variables for men and women are not reported separately. Pre-
treatment mean scores on pain catastrophizing, depression, and post-traumatic stress symptoms
were comparable (within 1 standard deviation) to those reported in previous research with
individuals who have sustained whiplash injuries (Slepian et al., 2014; Sullivan, Thibault, et al.,
2009). The study sample would be characterized as experiencing pain of moderate severity, and
depressive and post-traumatic stress symptoms of mild severity.

Correlations between psychological and pain-related variables are also reported in Table
2. Consistent with previous research, scores on the PCS were significantly correlated with
measures of pain severity (r = .31), depressive symptoms (r = .44), and post-traumatic stress
symptoms (r = .63) (Linton et al., 2011; Sullivan, Thibault, et al., 2009; Sullivan, Thorn, et al.,
2001; Thompson et al., 2010). Also consistent with previous research, scores on the BDI-11 and
the IES-R were significantly correlated with measures of pain severity (r = .34 and r = .29,

respectively) (Lopez et al., 2013; Sullivan et al., 2016).
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Level of catastrophizing and mental health comorbidity

A cross-sectional logistic regression was conducted to assess the contribution of pre-
treatment PCS scores to the prediction of the presence or absence of comorbid mental health
problems at admission. In univariate analyses, pain severity, but not number of pain sites or pain
duration, was significantly related to mental health comorbidity. As such, only pain severity was
included as a pain-related covariate in the regression model. As shown in Table 3, age and
gender were entered in the first step of the analysis and did not contribute significantly to the
prediction of mental health comorbidity (32 = 0.71, p = .701). Pain severity was entered in the
second step of the analysis and contributed significantly to the prediction of mental health
comorbidity (3% = 9.42, p =.002). In the final step of the analysis, PCS scores were entered and
contributed significantly to the prediction of mental health comorbidity (2 = 27.45, p = .000). In
the final regression analysis, only PCS scores (OR = 1.12, p =.000, 95% CI = 1.07 — 1.18)
contributed significant unique variance to the prediction of mental health comorbidity. The
results indicate that, for every unit increase in PCS scores, participants were 1.12 times more
likely to be experiencing a comorbid mental health problem.

Figure 1 shows the incremental probability of mental health comorbidity as a function of
level of catastrophizing. A PCS score from 21-30 (out of 52) was associated with an 76%
probability of having a mental health comorbidity, whereas a PCS score from 31-40 was
associated with a 91% probability of having a mental health comorbidity. A PCS score above 40
was associated with a 100% chance of experiencing a comorbid mental health condition. ROC
curve analysis revealed that a pain catastrophizing score of 22 best distinguished between
participants with and without a mental health comorbidity (AUC = .76, p =.000, 95% CI = .68 —

84).
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Comorbidity and treatment outcomes

A logistic regression was conducted to examine whether mental health comorbidity at
admission contributed to the prediction of return to work (RTW), beyond the variance accounted
for by pain catastrophizing. In univariate analyses, demographic variables (age, gender), pain-
related variables (pain severity, number of pain sites, pain duration), and psychosocial variables
(pain catastrophizing, mental health comorbidity) were significantly related to RTW outcomes.
As such, all of these variables were included as covariates in the regression model. As shown in
Table 4, age and gender were entered in the first step of the analysis and did not contribute
significantly to the prediction of RTW status at follow-up (%2 = .08, p = .959). The number of
pain sites, pain duration, and pre-treatment pain severity were entered in the second step of the
analysis and did not contribute significantly to the prediction of RTW at follow-up (y? = 1.49, p
=.685). Pre-treatment PCS scores were entered in the third step of the analysis and contributed
significantly to the prediction of RTW status at follow-up (%2 = 4.05, p = .044). Mental health
comorbidity at admission was entered as the fourth step of the analysis and contributed
significantly to the prediction of RTW (x? = 10.24, p = .001). In the final regression analysis,
only mental health comorbidity contributed significant unique variance to the prediction of RTW
status at follow-up (OR =4.13, p =.002, 95% CI = 1.66 — 10.25). The results indicate that
participants experiencing clinically significant levels of depression and/or PTSD
symptomatology were 4.13 times more likely to remain work-disabled at the one-year follow-up.
Sobel’s test revealed that the relationship between pain catastrophizing and RTW at a one-year

follow-up was mediated by mental health comorbidity (t = 20.14, SE = 9.63, p <.00).
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Discussion

The findings of the study are consistent with previous research showing that measures of
pain catastrophizing and measures of depressive and post-traumatic stress symptoms are
significantly correlated (Linton et al., 2011; Sullivan, Thibault, et al., 2009; Sullivan, Thorn, et
al., 2001; Thompson et al., 2010). The results of the present study extend previous findings by
highlighting the clinical relevance of the relation between catastrophizing and symptoms of
mental health problems. The results suggest that a cut-score of 22 on the PCS best distinguished
between individuals with and without mental health comorbidity. As well, findings revealed that
mental health comorbidity mediated the relationship between pain catastrophizing and prolonged
occupational disability.

Several previous investigations have examined the inter-relations between measures of
pain catastrophizing and measures of mental health symptom severity (Andersen et al., 2016;
Edwards et al., 2016; Sullivan, Rodgers, et al., 2001). In the present study, indices of mental
health comorbidity were derived to address the clinical significance of the relation between pain
catastrophizing and symptoms of mental health problems. Mental health comorbidity was
operationally defined as a score above clinical threshold on the BDI-I1 and/or the IES-R.
Participants were considered to be experiencing a comorbid mental health problem if they
obtained a score of 13 or above on the BDI-II (>13), a score of 33 or above on the IES-R (>33)
or both. A logistic regression revealed that pain catastrophizing was significantly associated with
mental health comorbidity. Participants whose score on the PCS was 21 or above at admission
had an 84% chance of also experiencing clinically significant depressive and/or PTSD

symptoms.
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Cognitive models of emotional disorders propose that catastrophizing might act as an
antecedent or causal variable in the development or maintenance of symptoms of depression and
PTSD. For example, Beck et al. (1978) discussed catastrophizing as a maladaptive cognitive
appraisal that negatively impacts mood and increases susceptibility to depression (Beck et al.,
1979). More recently, Gellatly and Beck (2016) have proposed that catastrophizing might
represent a transdiagnostic cognitive style that contributes to increased risk of developing a wide
range of mental health problems. They suggest that, while the specific content of catastrophic
thinking might vary across mental health conditions, cognitive processes triggered by
catastrophizing such as interpretive bias, attentional bias, and attentional fixation might act as
vulnerability factors common across mental health conditions (Gellatly & Beck, 2016).

When the severity of symptoms of depression or PTSD rises above clinical threshold, the
symptoms of these mental health problems might add to the burden of disability associated with
whiplash injury. For example, physical symptoms of depression, such as insomnia (item 16 of
the BDI-I11) and fatigue (item 18), as well as cognitive and emotional symptoms, such as
pessimism (item 2) and worthlessness (item 3), might impact negatively on individuals’ ability to
perform many activities of daily living. Similarly, the sleep (items 2, 15, and 20 of the IES-R),
emotional (items 4, 5, 12, 13, and 16), and cognitive (item 18) difficulties that make up the
symptom profile of PTSD might also compromise an individual’s full participation in the
important activities of their life, including work.

The results of a logistic regression revealed that mental health comorbidity mediated the
relation between catastrophizing and prolonged work absence. Participants who were classified
as having a mental health comorbidity were over 4 times more likely to remain work-disabled at

the one-year follow-up. Although catastrophizing predicted prolonged work absence in
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univariate analyses, catastrophizing was no longer a significant predictor of prolonged work
absence when mental health comorbidity was included in the regression analysis.

Findings linking pain catastrophizing to problematic recovery outcomes over the past two
decades have provided the impetus for the development of interventions specifically designed to
reduce pain catastrophizing (Burns et al., 2012; Burns et al., 2003; Sullivan, Adams, et al., 2006;
Sullivan & Stanish, 2003; Turner et al., 2007). The content and structure of these interventions
has varied widely, ranging from information-based web applications to psychosocial
interventions delivered by trained professionals (Burns et al., 2012; Burns et al., 2003; Smeets et
al., 2006; Spinhoven et al., 2004; Vowles et al., 2004; Vowles et al., 2007). Interventions
targeting pain catastrophizing have generally ranged in duration from 4-10 weeks (Sullivan,
Adams, et al., 2006; Sullivan & Stanish, 2003; Vowles et al., 2004). However, a recent review by
Schutze et al. (2018) concluded that interventions used to reduce pain catastrophizing have
yielded only modest outcomes, with many studies showing that the changes in pain
catastrophizing have been too small to be clinically significant (Schutze et al., 2018). Mental
health comorbidity might be a factor relevant to the modest impact of treatments aimed at
reducing pain catastrophizing (Gardner-Nix et al., 2008; Schutze et al., 2018; Smeets et al., 2006;
Turner et al., 2016; Williams et al., 2012). If high scores on measures of pain catastrophizing
reflect a high probability of mental health comorbidity, it is likely that current educational or
web-based interventions targeting catastrophizing might not be sufficient to yield clinically
meaningful improvement for individuals experiencing comorbid mental health problems.
Treatment might maximize recovery outcomes by targeting symptoms of mental health
disorders, such as depression or PTSD, in addition to targeting pain catastrophizing. However,

not all individuals experiencing high levels of pain catastrophizing also experience comorbid
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mental health difficulties such as depression and PTSD. Future research should explore whether
treatment might benefit from a stratified-care approach, wherein treatment for individuals with
high pain catastrophizing scores is tailored based on whether they are also experiencing
comorbid mental health problems.

There are important clinical implications to the findings of the present study. The
findings suggest that high scores on a measure of pain catastrophizing should alert clinicians that
clients may be experiencing a comorbid mental health problem. A high score on a measure of
pain catastrophizing should prompt clinicians to pursue a more in-depth evaluation of the client’s
mental health status. The findings of the present study might be particularly relevant to
unidisciplinary primary care services where measures of catastrophizing might be routinely
administered but the routine administration of measures of mental health symptoms might be less
common. For example, the assessment of mental health problems would be considered beyond
the domain of expertise of disciplines such as physiotherapy or kinesiology. In settings where
there are challenges to routine assessment of mental health problems, high scores on self-report
measures of catastrophizing would indicate the need for referral to a mental health professional
for further assessment and treatment.

Caution should be exercised in the interpretation of the present findings. The present
study operationalized mental health comorbidity on the basis of scores on self-report measures as
opposed to structured diagnostic interview. Although the bulk of research on depression and
PTSD associated with whiplash injury has been conducted using self-report measures, the
diagnostic interview is considered the gold standard for the diagnosis of mental health disorders.
Considerable research attests to the validity of the BDI-II and the IES-R as measures of mental

health problems associated with pain (Lopez et al., 2013; Sullivan et al., 2016). However, there
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is research to suggest that, while self-report measures of depressive and post-traumatic stress
symptomatology have high sensitivity for diagnoses of Major Depressive Disorder (MDD) and
PTSD, the specificity of these measures is low (Mouthaan et al., 2014; Thombs et al., 2018). As
such, it is not possible to determine which participants met diagnostic criteria for MDD or PTSD.
Confidence in the findings of the present study awaits replication using structured diagnostic
interviews. In addition, all participants in the present study were recruited from rehabilitation
centers. Only a minority of individuals with whiplash injuries are referred to rehabilitation
centers. It is possible that patients who are considered for referral to a rehabilitation center might
present with more complex problem profiles, which may have implications for the
generalizability of findings. It is also necessary to consider that a wide range of individual
differences and workplace factors which have been shown to impact on occupational outcomes
were not assessed in this study. Whether the contribution of catastrophizing and mental health
problems to occupational outcomes is independent of other individual differences or workplace
factors remains to be clarified by future research. Finally, the correlational nature of the study
places limits on the causal inferences that can be made about the relation between pain
catastrophizing and mental health comorbidity.

In spite of these limitations, the results of the present study showed that high levels of
pain catastrophizing are associated with the presence of comorbid mental health problems in
individuals with whiplash injuries. The results also showed that mental health comorbidity
contributed significantly to poor occupational outcomes in whiplash-injured individuals, beyond
the variance accounted for by level of pain catastrophizing. The findings suggest that high scores
on measures of pain catastrophizing should prompt further investigation of the possible presence

of mental health problems such as depression or PTSD. Greater attention to the detection and
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treatment of mental health conditions associated with whiplash injury might contribute to more
positive recovery outcomes in individuals with whiplash injuries who obtain high pain
catastrophizing scores.
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Tables and Figures

Table 1

Sample characteristics (N=144).

Characteristics Women (n=101) | Men(n=43) | p
Age 36.85 (9.93) 34.86 (9.68) | n.s.
Number of pain sites (/4) 2.89 (0.76) 2.79 (0.83) n.s.
Marital status n.s.

Single 25 (25%) 18 (42%)

Common law 31 (30%) 11 (26%)

Married 24 (24%) 9 (21%)

Separated/divorced 21 (21%) 4 (9%)

Widow 0 (0%) 1 (2%)
Education .008

Less than high school 13 (13%) 12 (28%)

High school 25 (25%) 17 (40%)

Trade school 19 (19%) 7 (16%)

College 31 (30%) 3 (7%)

University 13 (13%) 4 (9%)
Occupation .000

Laborer 19 (19%) 20 (47%)
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Nursing
Clerical
Driver
Trade
Sales

Student

38 (38%)
22 (22%)
2 (2%)
15 (15%)
5 (5%)

0 (0%)

0 (0%)
6 (14%)
5 (12%)
7 (16%)
4 (9%)

1 (2%)
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Table 2

Correlations with means and standard deviations between pain and psychological

measures.

Mean (SD) 1. 2. 3. 4.
1. Pain duration (weeks) 9.44 (5.48) - - - -
2. MPQ 22.51 (13.18) .06 - - -
3. PCS 22.07 (10.71) .04 31 - -
4. BDI-II 15.43 (9.35) 12 34** A4 -
5. IES-R 34.40 (22.75) 11 20%% | B3**% | ppr*

Note: N = 144. MPQ = McGill Pain Questionnaire. PCS = Pain Catastrophizing Scale. BDI-II =

Beck Depression Inventory — II. IES-R = Impact of Events Scale — Revised. Two female

participants did not respond to the MPQ and three female participants did not complete the BDI-

1. * p <.05; ** p < .01
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Table 3
Logistic regression examining predictors of the presence of mental health

comorbidity at pretreatment.

Step | Variable added at each step | Wald OR p 95%ClI

1 Age 3.53 0.96 .060 | 0.922-1.002
Gender 0.79 0.67 373 | 0.280-1.612

2 MPQ 2.84 1.03 092 | 0.995-1.066

3 PCS 20.74 1.12 .000 | 1.066—1.175

Note: N = 144. MPQ = McGill Pain Questionnaire. PCS = Pain Catastrophizing Scale. OR =
Odds ratio. 95% CI = 95™ percentile confidence interval. Two female participants did not

respond to the MPQ.



Table 4

Logistic regression examining pretreatment predictors of rehabilitation outcomes (RTW).

Step | Variable added at each step | Wald OR p 95%CI

1 Age 0.17 1.01 .682 0.971 - 1.046
Gender 0.03 1.07 .865 0.488 — 2.350

2 Pain duration (weeks) 0.05 0.99 .828 0.930 —1.059
Number of pain sites (0-4) 0.25 0.93 764 0.571-1.508
MPQ 0.00 1.00 .958 0.973 - 1.030

3 PCS 0.45 1.01 504 0.975 - 1.052

4 Comorbidity (Y/N) 9.35 4.13 .002 1.664 — 10.245

Note: N = 144. MPQ = McGill Pain Questionnaire. PCS = Pain Catastrophizing Scale. OR =

Odds ratio. 95% CI = 95™ percentile confidence interval. Two female participants did not

respond to the MPQ and one female participant did not indicate RTW status.
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Figure 1. Prevalence of clinically significant mental health comorbidity as a function of

increasing PCS scores. N = 144. PCS = Pain Catastrophizing Scale.
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Preface to Chapter 3

Study 1 had two objectives: first, to identify the cut-score on the PCS indicative of
heightened risk of the comorbidity of depression and PTSD. A second aim of Study 1 was to
determine whether mental health comorbidity was a pathway through which pain catastrophizing
impacted occupational disability. Findings revealed that a PCS score of 22 best distinguished
between participants with and without mental health comorbidity. In addition, findings support
that mental health comorbidity significantly predicted whether participants had returned to work
1 year following injury, above and beyond the impact of pain catastrophizing.

The results of Study 1 join a growing body of literature demonstrating that pain
catastrophizing is associated with adverse mental health outcomes in individuals with whiplash
injuries. Based on the findings of Study 1, it is tempting to propose that interventions targeting
pain catastrophizing might prevent the development of depression or PTSD and, in turn, improve
pain-related outcomes following whiplash injury. However, there have been no studies
conducted to date that have examined the possible causal or antecedent role of pain
catastrophizing on the development or persistence of mental health problems following whiplash
injury. As such, the aim of Study 2 was to examine the sequential relationship between pain
catastrophizing, pain severity, depressive symptoms, and PTSD symptoms. Findings of Study 2
were expected to elucidate the potential causal role of pain catastrophizing in predicting mental
health symptoms (i.e., of depression and PTSD) and pain-related outcomes (i.e., pain severity) in

individuals who have sustained a whiplash injury.
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Chapter 3: Temporal relations between pain catastrophizing and adverse health and

mental health outcomes following whiplash injury

Paré, C, Yamada, K, Sullivan, MJL. Temporal relations between pain catastrophizing and

adverse health and mental health outcomes following whiplash injury. Clinical Journal of Pain

(submitted).
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Abstract

Pain catastrophizing has been shown to be a prognostic indicator for pain severity and the
co-occurrence of mental health conditions such as depression and Post-Traumatic Stress
Disorder (PTSD) following whiplash injury. However, the pattern of available findings is limited
in its implications for the possible ‘antecedent’ or ‘causal’ role of pain catastrophizing. The
purpose of the present study was to examine the temporal relations between pain catastrophizing,
pain severity, depressive symptoms, and post-traumatic stress symptoms (PTSS) in individuals
receiving treatment for whiplash injury. The sample consisted of 388 individuals enrolled in a
multidisciplinary program for whiplash injury. Participants completed self-report measures of
pain catastrophizing, pain severity, depressive symptoms, and PTSS at the time of admission,
mid-treatment (4 weeks), and upon treatment completion (7 weeks). A cross-lagged panel
analysis was used to examine the temporal relations between pain catastrophizing, pain severity,
depressive symptoms, and PTSS across all three timepoints. Model fit was acceptable following
the inclusion of modification indices. Pain catastrophizing at the time of admission predicted all
other variables at 4 weeks. Pain catastrophizing at 4 weeks also predicted all other variables at 7
weeks. In addition, some bidirectional relations were present, particularly later in the course of
treatment. Findings support the view that pain catastrophizing might play a transdiagnostic role
in the onset and maintenance of health and mental health conditions. The findings call for greater
emphasis on the development of treatment techniques which target pain catastrophizing in

intervention programs for whiplash injury.
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Introduction

Whiplash injury arising from motor vehicle collisions is associated with nearly 2 million
emergency department visits per year in North America (Niska et al., 2010). As many as 50% of
individuals who have sustained whiplash injuries will remain symptomatic one year following
injury (Carroll et al., 2008; Sterling, 2016). In North America, the yearly economic burden of
whiplash injury arising from health care costs, lost productivity, wage replacement, and litigation
is estimated to be in excess of 250 billion dollars (Blincoe et al., 2002; Foreman & Croft, 2002).

Pain catastrophizing has emerged as one of the most robust psychological predictors of
problematic recovery following whiplash injury (Sullivan et al., 2011; Walton et al., 2013).
Research suggests that pain catastrophizing accounts for 7% to 31% of the variance in measures
of pain severity (Ritchie & Sterling, 2016; Sullivan, Thorn, et al., 2001). Gopinath and
colleagues reported that each unit increase on a baseline measure of pain catastrophizing was
associated with a 0.5/10 unit increase in pain severity at 12 months post-injury (Gopinath et al.,
2015). Numerous cross-sectional and prospective studies have reported that high levels of pain
catastrophizing also predict more severe and prolonged symptoms of depression and post-
traumatic stress symptoms (PTSS) following whiplash injury (Andersen et al., 2016; Carstensen,
2012; Laporte et al., 2016; Nieto et al., 2011; Sarrami et al., 2017). A recent cross-sectional
study of individuals with whiplash injuries showed that 80% of participants with a score of 21 or
greater on the Pain Catastrophizing Scale also scored above clinical threshold on measures of
depression and PTSS (Paré et al., 2019).

It has been suggested that pain catastrophizing might play a causal role in delayed or
adverse recovery outcomes following whiplash injury (Andersen et al., 2016; Bostick et al.,

2013; Sullivan et al., 2011). Although the pattern of findings that has emerged from previous

61



research supports a relation between catastrophizing and problematic recovery outcomes
following whiplash injury, research to date is limited in its implications for the possible causal
role of pain catastrophizing.

Cross-lagged panel analyses are considered a useful analytic approach for clarifying the
directions of influence between variables (Kearney, 2017). Cross-lagged panel analyses control
for autoregressive (i.e., the stability of the same variable across time) and synchronous (i.e., the
correlations within a time-point) effects (Selig & Little, 2012). It is crucial to control for
extraneous sources of variance from autoregressive and synchronous effects, as these can
influence findings of prospective analyses. To date, no study has been conducted using cross-
lagged panel analyses to clarify the direction of influence between pain catastrophizing and
adverse recovery outcomes in individuals with whiplash injuries.

The purpose of the present study was to examine the role of pain catastrophizing as a
determinant of pain, depression, and PTSS in individuals who had sustained whiplash injuries.
Of interest was to examine the temporal relation between changes in pain catastrophizing and
changes in pain, depression, and PTSS in a sample of individuals with whiplash injuries
participating in a rehabilitation intervention. A crossed-lagged panel design was used to examine
the relation between early and late treatment-related changes in pain catastrophizing and pain,
depression, and PTSS. Proceeding from previous research showing that pain catastrophizing is
prospectively related to adverse recovery outcomes, it was hypothesized that early changes in
pain catastrophizing would predict later changes in pain severity, depressive symptoms, and

PTSS.
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Methods

Participants

388 participants were recruited from one of 6 multidisciplinary pain treatment clinics in
the Greater Montreal area between June 2012 and August 2015. Individuals were considered for
participation in the present study if they had been injured in rear-impact motor vehicle collisions.
Eligibility criteria for enrolment in the rehabilitation program included a diagnosis of a whiplash-
associated disorder (grade Il) and being absent from work at the time of recruitment. All
participants were receiving salary indemnity through a no-fault provincial insurance system
(Société de I’assurance automobile du Québec, SAAQ).
Procedures

The Ethics Review Board of McGill University approved the current study. Participants
were recruited from clinics that were part of a health network providing rehabilitation services
for the state motor vehicle insurer (SAAQ). Treatment was standardized and extended over a
period of 7 weeks. The rehabilitation program consisted of medication management, education,
exercise, and instruction in the use of self-management skills. Participants were recruited through
advertisements placed in the waiting rooms of the clinics where participants were being treated.
Recruitment advertisements provided information about the study and the contact information
for the study coordinator.

Participants signed a consent form prior to enrolling in the study. Participants provided
demographic information and completed self-report measures of pain catastrophizing, pain
severity, depressive symptoms, and PTSS at the time of admission (T1). Participants completed

the same self-report measures again at mid-treatment (4 weeks, T2) and upon treatment
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completion (7 weeks, T3). Participants were compensated $25 for completing the questionnaires
at each timepoint.
Measures
Pain catastrophizing

The Pain Catastrophizing Scale (PCS) was used to assess catastrophic thinking in relation
to pain (Sullivan et al., 1995). The PCS comprises 13 items describing different thoughts and
feelings individuals might have when experiencing pain. The frequency of these thoughts and
feelings are rated on a 5-point scale with the endpoints (0) not at all and (4) all the time. A recent
meta-analysis of 220 studies found that the PCS had good internal consistency (Cronbach’s alpha
=0.92, 95% CI = 0.91-0.93) as well as test-retest reliability (0.88, 95% CI = 0.83-0.93) (Wheeler
etal., 2019).
Pain severity

A numerical rating scale (NRS) with the endpoints (0) no pain at all and (10)
excruciating pain was used to assess participants’ current pain severity. Research supports the
use of NRS as valid and reliable measures of pain severity (Boonstra et al., 2016; Hjermstad et
al., 2011; Jensen et al., 1999). The NRS has also shown to be a more responsive measure of pain
severity when compared to other similar pain severity rating scales (Ferreira-Valente et al.,
2011).
Depressive symptoms

The Beck Depression Inventory-11 (BDI-11) was used to assess self-reported depressive
symptom severity (Beck et al., 1996). The BDI-II consists of 21 questions assessing different
aspects of depressive symptomatology (e.g., motivation, loss of interest, self-criticism). A recent

meta-analysis of the BDI-II from 144 studies revealed good internal consistency (Cronbach’s
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alpha = 0.89, 95% CI = 0.88-0.91), good test-retest reliability (0.75, 95% CI = 0.69-0.81), and
convergent validity (ranging from .45 to .88) (Erford et al., 2016).
Post-traumatic stress symptoms

Post-traumatic stress symptoms (PTSS) were assessed using the Impact of Event Scale-
Revised (IES-R) (Weiss & Marmar, 1997). Participants were asked to rate the distress they
experienced regarding different cognitive and emotional aspects of post-traumatic stress using a
5-point scale with the endpoints (0) not at all and (4) extremely. The IES-R has been shown to
have high internal consistency (Cronbach’s alpha = 0.95-0.96) (Beck et al., 2008; Creamer et al.,
2003) and test-retest reliability (0.89-0.94) (Weiss & Marmar, 1997). Research shows that the
IES-R is a reliable and valid measure for discriminating discriminates between individuals with
and without a diagnosis of PTSD (Beck et al., 2008; Brunet et al., 2002).

Data analysis

A portion of the data used in the present study was previously published in a paper
examining the role of mental health problems as a mediator of the relation between pain
catastrophizing and occupational disability (Paré et al., 2019).

There were no significant differences due to recruitment site on any of the study
variables. As such, analyses were conducted collapsed across all 6 rehabilitation clinics from
which participants were recruited. An assessment of the missing data and distribution of the data
was conducted. Of the 388 participants that made up the study sample, 29 (7.5%) were missing
responses to one or more of the primary study variables (pain catastrophizing, pain severity,
depressive symptoms, PTSS) for at least one of the study timepoints (admission, mid-treatment,
treatment completion). Full-information maximum likelihood (FIML) was used to address any

issues of missing data based on the missing-at-random assumption to ensure the full use of the
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dataset for the cross-lagged panel model. In addition, skewness and kurtosis values indicated that
values included in the cross-lagged panel model were normally distributed.

Descriptive analyses, t-tests, and correlations were conducted using SPSS Version 27.
Means and standard deviations as well as frequency counts were calculated for study variables.
Independent samples t-tests were used to compare men and women on demographic variables as
well as on measures of pain catastrophizing, pain severity, depressive symptoms, and PTSS at
baseline. Pearson correlations were used to examine the relations among measures of pain
catastrophizing, pain severity, depressive symptoms, and PTSS at baseline. Paired samples T-
tests were used to examine the treatment-related changes from baseline to post-treatment for pain
catastrophizing, pain severity, depressive symptoms, and PTSS.

The cross-lagged panel analysis was conducted using the lavaan package in R (3.5.2) to
examine the temporal relations between pain catastrophizing, pain severity, depressive
symptoms, and PTSS across all three study test-points. Cross-lagged panel analyses allow for the
estimation of the directional influence between variables over time by controlling for
autoregressive and synchronous effects (Kearney, 2017; Selig & Little, 2012). On the basis of
previous research, age, gender and pain duration were tested as potential covariates for the cross-
lagged panel analysis (Feinstein et al., 2017; Keefe et al., 2000; Son et al., 2019; Yarnitsky et al.,
2008; Zhaoyang et al., 2020). In the present sample, only gender was significantly associated
with pain catastrophizing and therefore included as a covariate in the model.

Cross-lagged panels models must first be assessed for how well a model fits the data. The
following fit indices were considered: the model chi-square, Root Mean Square Error of
Approximation (RMSEA), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI) and

(Standardized) Root Mean Square Residual (SRMR). Although there are no universally accepted
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strategies for determining the adequacy of model fit, the following criteria have been
recommended: a non-significant chi square, relative goodness-of-fit indices (CFI, TLI) > 0.90,
and absolute goodness-of-fit indices (RMSEA, SRMR) <0.08 (Kearney, 2017). Modification
indices are used to improve model fit if some model fit indices fall outside of the recommended
thresholds. Once a model is determined to have adequate fit based on the model fit indices, the
paths of the model are reviewed to determine their significance and strength using beta

coefficients, standard errors, and p-values.

Results

Descriptive characteristics

Demographic information for the sample at admission are presented in Table 1. The
mean age of the sample was 36 years (SD = 9.69 years), and the mean duration of pain at the
time of enrolment was 13 weeks (SD = 8.48). The majority of participants had completed high
school (82.5%). Women represented 68.0% of the recruited sample (n = 264). Women and men
differed significantly in their occupation (% [6] = 99.34, p < 0.001) and level of education (y? [4]
=40.74, p <0.001). Men also had more elevated levels of pain catastrophizing compared to
women at baseline (t[267.04] = -2.14, p = 0.033). No other significant gender differences were
found in any sample characteristics. The remainder of the analyses were conducted on the entire
sample without stratifying based on gender.
Treatment-related changes in study variables

Paired samples T-tests (pre-treatment to post-treatment) were used to examine the
treatment-related changes on variables used in the cross-lagged panel analysis (see Table 2).
Mean scores at admission for pain catastrophizing, depression, and PTSS were comparable

(within 1 standard deviation) to those reported in previous research on individuals with whiplash
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injuries (Bostick et al., 2013; Bunzli et al., 2019; Sullivan, Davidson, et al., 2009). The present
study sample can be characterized as experiencing moderate levels of pain (Boonstra et al.,
2016), pain catastrophizing (Wheeler et al., 2019), depressive symptoms (Erford et al., 2016),
and PTSS (Creamer et al., 2003) at treatment admission.

Results of the paired samples t-tests revealed that measures of pain catastrophizing, pain
severity, depression, and PTSS showed significant reductions over the course of treatment. Large
effect sizes were found for reductions in pain catastrophizing, pain severity, and PTSS; the
reduction in depressive symptoms over the course of treatment was of a medium effect size. The
magnitude of these reductions is comparable to similar studies conducted with individuals with
whiplash injuries participating in standardized multidisciplinary treatment programs (Angst et
al., 2010; Angst et al., 2014; Sullivan, Adams, et al., 2006; Sullivan, Thibault, et al., 2009).
Associations among study variables

Table 3 presents the correlations among the variables used in the cross-lagged panel
analysis. Our findings are consistent with previous research, showing significant correlations
between scores on the PCS and scores on measures of pain severity, depressive symptoms, and
PTSS (Linton et al., 2011; Sullivan, Thibault, et al., 2009; Sullivan, Thorn, et al., 2001;
Thompson et al., 2010). Also consistent with previous research, scores of pain severity were
significantly correlated with levels of depressive symptoms and PTSS (Lopez et al., 2013;
Sullivan et al., 2016).

Cross-lagged panel analysis

Figure 1 presents the proposed theoretical model that was initially tested. One index of

relative goodness of fit (CFI = 0.968) and one index of absolute goodness of fit (SRMR = 0.024)

were within acceptable ranges. However, another index of relative goodness of fit (TLI = 0.897)
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as well as another index of absolute goodness of fit (RMSEA = 0.106) were not within
acceptable ranges. In addition, the y? was statistically significant (y?> = 129.62, df =24, p <
0.001); these fit indices suggested the presence of some model misspecification.

To improve model fit, modification indices were used to assess whether any important
relations were missing from the model. Level 2 autoregressive relations (i.e., relations between
the same construct at admission and end of treatment) for PTSS were added based on
modification indices. Given that the model using modification indices was nested within the
original theoretical model, they were compared using a Likelihood Ratio Test. The level 2
autoregressive relations were found to significantly improve model fit (y2 [1] = 47.66, p <
0.001), providing the modified model with overall adequate fit (CFI = 0.982; TLI = 0.940;
RMSEA = 0.081; SRMR = 0.022; y? = 81.96, df = 23, p < 0.001) and suggesting good
representation of the data. As such, the final model is presented in Figure 2. All reported beta
coefficients are standardized.

The final model revealed that pain catastrophizing scores at T1 predicted depressive
symptoms (f=0.161, SE =0.037, p <.001), PTSS (B =0.171, SE =0.089, p <.001), and pain
severity (B = 0.202, SE = 0.009, p <.001) at T2. Pain catastrophizing scores at T2 also predicted
all three variables at T3: depressive symptoms (= 0.175, SE =0.033, p <.001), PTSS (B =
0.212, SE = 0.064, p <.001), and pain severity (B = 0.217, SE = 0.008, p <.001). Depressive
symptoms and PTSS at T2 were significant predictors of pain severity at T3 (B =0.135, SE =
0.011, p=.005 and p =-0.142, SE = 0.004, p = .004, respectively). PTSS was a significant
predictor of pain catastrophizing scores from T1 to T2 (B = 0.126, SE = 0.024, p =.010) as well
as from T2 to T3 (B = 0.160, SE = 0.020, p < .001). Depressive symptoms as well as pain

severity at T2 also predicted level of pain catastrophizing at T3 (B =0.115, SE = 0.047, p =.003
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and B =0.120, SE = 0.205, p <.001, respectively). In addition to pain catastrophizing, depressive
symptoms were also a significant predictor of PTSS, from T1 to T2 (B =0.163, SE =0.098, p <
.001) as well as from T2 to T3 (B = 0.100, SE = 0.081, p = .005). Pain severity only significantly
predicted pain catastrophizing, from T2 to T3 (f = 0.120, SE = 0.205, p <.001).
Discussion

The present study aimed to examine the temporal relations between pain catastrophizing,
pain severity, depressive symptoms, and PTSS in individuals receiving treatment for a whiplash
injury. The findings of the present study are consistent with previous research showing
significant associations between pain catastrophizing and pain severity (Birch et al., 2019;
Edwards et al., 2016; Gilliam et al., 2019; Sullivan, Thorn, et al., 2001), depressive symptoms
(Burns et al., 2003; Geisser et al., 1994; Gilliam et al., 2017; Hulsebusch et al., 2016), and PTSS
(Ciccone & Kline, 2012; Giummarra et al., 2017; Ravn et al., 2019). Our findings extend those
of previous research by showing that, through the course of a multidisciplinary rehabilitation
intervention, earlier levels of pain catastrophizing predicted later levels of pain severity,
depression, and PTSS. The results also supported bidirectional relations between pain
catastrophizing, pain, depression, and PTSS, particularly in the later stages of treatment. To our
knowledge, this is the first study using cross-lagged panel analyses to support an antecedent or
causal role of pain catastrophizing in the prediction of pain severity, depression, and PTSS in
individuals undergoing treatment for whiplash injury.

One of the most consistent findings on outcomes following a whiplash injury has been
that high scores on measures of pain catastrophizing are associated with more severe pain
(Ritchie & Sterling, 2016; Sarrami et al., 2017; Sterling, 2011; Walton et al., 2013). In the

current study, results showed that pain catastrophizing, assessed at the time of admission (T1),
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predicted pain severity, depression, and PTSS at mid-treatment assessment (T2). Pain
catastrophizing at T2 also predicted pain severity, depression, and PTSS at treatment termination
(T3). There was also evidence of bidirectional relations, particularly in the later stages of
treatment, where pain severity, depressive symptoms, and PTSS at T2 predicted pain
catastrophizing at T3. PTSS at T1 also predicted pain catastrophizing at T2.

Very few studies have explored the direction of influence in the relations between pain
catastrophizing and pain severity, depressive symptoms, and PTSS in individuals with whiplash
injuries. Beierl et al. (2020) examined the sequential relations between negative appraisals and
PTSS in individuals admitted to hospital following a motor vehicle collision or assault. Path
analytic procedures revealed that negative appraisals assessed 1-month post-trauma predicted the
persistence of PTSD 6 months following the event (Beierl et al., 2020). Given that pain
catastrophizing can be construed as a form of negative appraisal, the results of the Beierl et al.
(2020) study can be considered consistent with the findings of the present study. Similarly, Liew
et al. (2019) used Bayesian Network analyses to examine the sequential relations among several
pain-related psychosocial variables, including pain catastrophizing, in individuals with chronic
whiplash symptoms participating in a physical therapy intervention (Liew et al., 2019). Measures
of pain and pain catastrophizing were completed at 4 timepoints over a 12-month period. The
results of their analyses showed that changes in pain catastrophizing predicted subsequent
changes in pain, mediated by changes in self-efficacy. Self-efficacy was not assessed in the
present study and, as such, the mediating role of self-efficacy could not be assessed. To our
knowledge, there are no previous studies examining the direction of influence in the relations
between pain catastrophizing and depressive symptoms as well as PTSS in individuals with

whiplash injuries.

71



The findings of the current study are comparable to studies using cross-lagged panel
models to examine temporal relations between pain catastrophizing and clinical outcome
measures in other populations. Sequential relations between pain catastrophizing and pain
severity have been reported in individuals with neuropathic pain (Racine et al., 2016) and
chronic pain (Burns et al., 2021). There is also support for the sequential relation between pain
catastrophizing and PTSS in individuals who had experienced a work-disabling traumatic event
(Donayre Pimentel et al., 2020). Studies examining the prospective relation between measures
related to catastrophizing, such as cognitive coping, negative appraisals, or dysfunctional beliefs
(Beck et al., 1979; Moore et al., 2018), and depressive symptoms have reported findings
comparable to those of the current study (DeRubeis et al., 1991; Garnefski & Kraaij, 2007).

Gellatly and Beck (2016) recently have proposed that catastrophizing might be a
determinant of the onset and maintenance of symptoms of a wide range of health and mental
health problems. They argue that catastrophizing might be a transdiagnostic maladaptive process,
with unique beliefs specific to different physical and psychological conditions (Gellatly & Beck,
2016). Gellatly and Beck (2016) suggest that, although the specific content of catastrophic
thinking might vary across different health and mental health conditions, cognitive processes
triggered by catastrophizing such as interpretive bias, attentional bias, and attentional fixation
might act as vulnerability factors common to a wide range of health and mental health conditions
(Gellatly & Beck, 2016). To our knowledge, the present study is the first to provide support for
the transdiagnostic role of pain catastrophizing as a determinant of the persistence of symptoms
of pain, depression, and PTSD following whiplash injury.

Although cognitive models propose the casual or antecedent role of cognitive variables

such as catastrophic thinking on mental health outcomes (Beck et al., 1979; Ellis, 1962; Gellatly
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& Beck, 2016), these models do not specify the time-frame over which these associations can be
expected to emerge. The findings of the current study demonstrated that pain catastrophizing can
influence levels of pain severity, depressive symptoms, and PTSS during the first two months of
rehabilitation treatment for whiplash injury. These findings corroborate the time-dependent
relationship between catastrophizing and pain severity found in previous research in pain
populations (Beierl et al., 2020; Burns et al., 2021; Liew et al., 2019; Racine et al., 2016). Longer
intervals of assessment, such as 12 weeks, have been more common in previous research on the
time-dependent relationship between catastrophizing and pain severity (Campbell et al., 2012;
Racine et al., 2016; Roman et al., 2021; Speed et al., 2021). However, some research suggests
that the window of influence of catastrophizing on pain severity might be as short as one week in
chronic pain populations, or even 30 minutes in experimental manipulations (Burns et al., 2021;
Campbell et al., 2012). Our findings showed that pain catastrophizing had the strongest influence
on all other variables during the first four weeks of treatment, which replicates the results of
previous studies. Research on the impact of catastrophizing on symptoms of mental health
problems such as depressive symptoms and PTSS have revealed a similar time-frame of
influence, spanning over weeks or months (DeRubeis et al., 1991; Donayre Pimentel et al., 2020;
Garnefski & Kraaij, 2007). The use of observational data, as in the current study, to demonstrate
that pain catastrophizing precedes and predicts problematic recovery outcomes is warranted prior
to using experimental designs, such as RCTs, to support the causal role of pain catastrophizing
(Baribeau et al., 2022). Better understanding of the time-dependent relationship between
catastrophizing and recovery outcomes will facilitate the translation of these findings to a clinical

context.
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There are important clinical implications to the findings of the present study. The risk of
developing chronic pain following whiplash injury is high, with up to 50% of individuals with
whiplash injury remaining symptomatic one year after injury (Sterling, 2016). Improvements in
the treatment of whiplash injury over the past three decades have been minimal, and
unsuccessful in reducing the proportion of individuals who transition from acute to chronic pain
(Jull et al., 2011). Results from the current study support the importance of using scores on
measures of pain catastrophizing to identify individuals with heightened risk of experiencing
high levels of pain severity, depressive symptoms, and PTSS following a whiplash injury.

A recent systematic review and meta-analysis concluded that interventions used to reduce
pain catastrophizing have yielded only modest outcomes, with reductions in pain catastrophizing
often being too small to be considered clinically significant (Schutze et al., 2018). Treatment-
related reductions in pain catastrophizing might be minimal due to the presence of un- or
undertreated mental health difficulties, such as depression and PTSD (Paré et al., 2019). Given
the consistency with which pain catastrophizing has been linked to problematic recovery
outcomes, the development of interventions capable of yielding clinically meaningful reductions
in pain catastrophizing would appear to be a priority.

There are limitations to the interpretation of these findings. First, the sample was
recruited from a network of multidisciplinary rehabilitation clinic following a whiplash injury.
Not all individuals who have sustained whiplash injuries receive treatment through
multidisciplinary rehabilitation clinics; many simply receive guidance and follow-up with a
physician (Cote et al., 2001). It is possible that only more complex cases are referred to a
rehabilitation clinic and, as such, may not be representative of all individuals suffering from

subacute whiplash injuries. In addition, the average duration of whiplash-related pain for study
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participants was 14 weeks and all participants in the study sample were absent from work at the
time of recruitment. These sample characteristics have implications for the generalizability of the
study findings.

It is also important to consider that, although the statistical model used for this study (i.e.,
cross-lagged panel analysis) was appropriate for the research question, the results should be
interpreted as supporting the ‘potential’ causal influence of pain catastrophizing on pain severity,
depressive symptoms, and PTSS. The results of cross-lagged analyses do not prove causality
(Antonakis et al., 2010; Fedak et al., 2015; Kenny, 1975). The correlational design of the study,
albeit longitudinal, precludes drawing strong conclusions about causality. The results of the
cross-lagged panel analyses support the temporal precedence of pain catastrophizing in relation
to symptoms of pain, depression, and PTSD, and might best be construed as reflecting the
direction of influence of pain catastrophizing as opposed to the causal role of pain
catastrophizing. It has been noted that an assumption that is rarely met in cross-lagged panel
analyses is that all relevant variables have been measured and included in the model being tested
(Kearney, 2017). It is not possible to rule out the possibility that an omitted variable, perhaps one
strongly associated with pain catastrophizing, is actually the causal variable.

Despite these limitations, the strengths of this study in terms of study design and
statistical approach are consistent with theoretical positions that propose a transdiagnostic
influence of catastrophic thinking. To our knowledge, this is the first study to examine the
temporal relations between pain catastrophizing, pain severity, depressive symptoms, and PTSS
in individuals with whiplash injuries using a cross-lagged panel analysis. These findings have

important implications for the treatment of individuals with whiplash injuries and might guide
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the improvement of treatments aimed at reducing levels of pain catastrophizing, thereby
improving on pain-related outcomes.
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Tables and Figures

Table 1. Baseline sample characteristics overall and stratified by gender.

Characteristics Overall (n =388) | Women (n =264) | Men (n =124) p
Age, mean (SD) 36 (9.69) 36 (9.83) 35 (9.40) n.s.
Marital status, n (%) <.01

Single 129 (33%) 76 (29%) 53 (43%)

Common law 107 (28%) 75 (29%) 32 (26%)

Married 84 (22%) 60 (23%) 24 (20%)

Separated/divorced 60 (16%) 49 (19%) 11 (9%)

Widowed 3 (1%) 0 (0%) 3 (2%)
Education, n (%) <.01

Less than high school 68 (18%) 35 (13%) 33 (27%)

High school 110 (28%) 62 (24%) 48 (39%)

Trade school 66 (17%) 43 (16%) 23 (18%)

College 93 (24%) 85 (32%) 8 (6%)

University 51 (13%) 39 (15%) 12 (10%)
Occupation, n (%) <.01

Laborer 115 (30%) 57 (22%) 58 (47%)

Driver 19 (5%) 3 (1%) 16 (13%)

Nursing 98 (25%) 98 (37%) 0 (0%)
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Trade 52 (13%) 34 (13%) 18 (15%)
Sales 21 (5%) 11 (4%) 10 (8%)
Administrative 80 (21%) 61 (23%) 19 (15%)
Student 3 (1%) 0 (0%) 3 (2%)

Pain duration (weeks), 13.89 (8.48) 13.98 (8.66) 13.71 (8.11) n.s.

mean (SD)

Number of pain sites, 2.82 (0.79) 2.82 (0.79) 2.82 (0.80) n.s.

mean (SD)

Medication, n (%) n.s.
None 38 (10%) 22 (8%) 16 (13%)
NSAIDS/OTC 164 (42%) 121 (46%) 43 (35%)

Narcotic 69 (18%) 54 (20%) 15 (12%)
Anti-inflammatory 19 (5%) 12 (5%) 7 (5%)
No response 98 (25%) 55 (21%) 43 (35%)

PCS, mean (SD) 22.20 (10.27) 21.47 (10.58) 23.76 (9.45) | .03

Pain NRS, mean (SD) 5.17 (1.80) 5.23 (1.66) 5.03(2.07) | ns.

BDI-11, mean (SD) 15.05 (9.32) 15.26 (8.44) 14.60 (10.96) | n.s.

IES-R, mean (SD) 33.23 (22.39) 33.97 (22.41) 31.66 (22.36) | n.s.

Note: SD = standard deviation. NSAIDS = non-steroidal anti-inflammatory drug, OTC = over-

the-counter. Pain sites are neck, back, upper limbs, and lower limbs.
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Table 2. Treatment-related changes in cross-lagged panel analysis variables.

Pre-treatment

Mid-treatment

Post-treatment

p | Cohen’sd
Mean (SD) Mean (SD) Mean (SD)
PCS 22.20 (10.27) 16.52 (10.86) 12.57 (10.50) .001 1.06
NRS 5.17 (1.80) 4.78 (1.69) 3.88 (1.91) .001 0.63
BDI 15.05 (9.32) 12.72 (8.63) 11.07 (8.89) .001 0.49
IES 33.23 (22.39) 26.90 (20.82) 22.55 (19.53) .001 0.70

Note: N = 388. PCS = Pain Catastrophizing Scale; range is 0-52. NRS = Numerical Rating Scale

for pain severity; range is 0-10. BDI-IlI = Beck Depression Inventory — II; range is 0-63. IES-R =

Impact of Events Scale — Revised; range is 0-88. P-values are based on a comparison of pre-

treatment and post-treatment means.

*p<.05**p<.01
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Table 3. Correlations between pain and psychological measures at pre-treatment.
1 2 3 4. ) 6
1. Age -
2. Pain duration -.03 -
(weeks)
3. PCS .04 .02 -
4. Pain NRS -.01 01 23** -
5. BDI-11 -.08 .02 AB** 25%* -
6. IES-R -.02 03 647 25%* 63%* -

Note: N = 388. PCS = Pain Catastrophizing Scale. NRS = Numerical Rating Scale. BDI-Il =
Beck Depression Inventory — Il. IES-R = Impact of Events Scale — Revised.

*p < .05; ** p < .01




(28seyosip Juawieasy)

gawy)

swoydwds
dslLd

'SuOI1e|3a. 8AISSaIB3101Ne MOYS SBul| payseq "SUOIe|81109 SNOUOIYIUAS MOYsS saul|
panoq ‘syred uoissaibial Moys saul| snonunuo) “(uoissiwpe-1sod syaam /) Juswieai-1sod pue ‘(uoissiwpe-1sod syaam
1) JUBWIILS1-PIW ‘UOISSILIPE JUBLLILaI) Je Passasse Uoea alom swoldwAs aalssaldap pue ‘swordwAs asld ‘Aienss
ured ‘Buiziydoaise1ed ured "UOISSILIPE 1UsWIRaI] 1B PasSasse aloM SajelieA0) ‘[apow yred [eaneaosy] ‘T a4nbi4

(3uauneass-pin)
zawiL

swioydwss
dsld

swojduiAs
aarssaxdag

Aiuaaas uteg

*
+ T v

Suiziydonseyes
ureg

Suiziydonseyes
ureqd

(uoissiwpe Juawieal))

TawiL

swoyduids
dsld

IpuAD)

r v ¥

Suizigdonseies
ueg

81



'G0'0>/T0'0>/T00°0 > d =/ xx / xxx
aoueLIeA paure|dxa Jo afejuaiad = ;¥ "SuOIIR|81I00 aAISSaIBaloINe Moys

Saul| payseq ‘SuOIe|a1102 SNOUOIYIUAS MOYS Saul] panoq ‘syled uolssaibal pazipiepuels Moys Saul| Snonuuo) “pajeslpul
aJe S1UaI21YJ902 UoIssalbal pazipsepuels Ajuo pue umoys aJe syled Jueatjiubis Ajuo ‘Auowisted jensia 104 *(uoissiwpe-isod
SY99M / ‘€1) Juswieall-1sod pue ‘(uolssiwpe-1sod S)eaM 7 1z1) Juswieay-piuwl ‘(TL) UOISSIWPE. JuswIesl) Je Passasse Yoes
aJam swoldwAs anIssaldap pue SS1d ‘Alianss ured ‘Buiziydoiselrd ured UoISSILWIPE 1UsWIRaI] 18 PasSasse SeM alelieA0D

‘SS.1d 40} suoirejau anlssaibaoine g [aAs] Bulpnjoul Aq papuslxe ‘japow yied Jeuld ‘g ainbi4

(28seyosip Juawieasy) (uaweasy-pin) (uojssjwpe juawieal))
gowiL Zawil T awny
(Tico=1 (695°0=24) (2000 =24
swoydwAs swoydwAss swoidwAss
aslLd aslid asld
T ? 4 Y ¥ r 4 ¥
m ¥ 1 « m m % H
(1650 = 2¥) (£95°0 =) (1000 = 24)
swoydwAs swoyduAs swoyduwAs
aarssaxda(g aaissaxda(g aarssaxda(g
PpeD
(96%°0 = 23) (OLT 0= (€00°0 =)
A1u2Aas ureg Aaaaas ureg A12A9s ured
I 1 | 4 oA
+ v v ¥ * ¥ ¥
(6590 =) (8LS0=24) (1100 =23
Suriziydonseyes Suriziydonseyes Fuiziydonseies
ueq ured ureq

82



Chapter 4: General Discussion

Whiplash injury is associated with the highest costs of all injuries incurred in motor
vehicle collisions (Cassidy et al., 2000; Pink et al., 2016; Quinlan et al., 2004). Pain
catastrophizing has emerged as one of the most robust psychological predictors of problematic
recovery following whiplash injury (Sarrami et al., 2017; Sullivan et al., 2011). The current
thesis sought to better understand the processes by which pain catastrophizing impacts
problematic recovery outcomes following whiplash injury.

The central objective of this thesis research was to examine the pathways through which
pain catastrophizing negatively impacts recovery outcomes. Several decades of research have
identified high levels of mental health comorbidity in musculoskeletal conditions (Bair et al.,
2003; de Heer et al., 2018; IsHak et al., 2018; Moeller-Bertram et al., 2012; Ravn et al., 2018;
Sharp & Harvey, 2001). Pain catastrophizing is a factor which has been found to impact on
mental health conditions as well as pain-related outcomes in whiplash-injured populations
(Bostick et al., 2013; Carty et al., 2011; Nieto et al., 2011; Vangronsveld et al., 2009). It has been
suggested that pain catastrophizing might be a key factor in contributing to high rates of
comorbidity between pain and mental health conditions (Gellatly & Beck, 2016; Gilliam et al.,
2019; Linton & Bergbom, 2011).

Two studies were conducted to test the hypothesis that pain catastrophizing impacts on
recovery outcomes following whiplash injury by increasing the risk of experiencing debilitating
mental health symptoms such as depression and post-traumatic stress disorder (PTSD). The
purpose of Study 1 was to examine the relation between pain catastrophizing and clinically
significant symptoms of depression and PTSD in individuals who had recently sustained a

whiplash injury. A ‘mental health comorbidity’ variable was created to reflect the high rates of
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comorbidity between depression and PTSD in the literature (Gilliam et al., 2019; Hefner &
Rosenheck, 2019; Shih et al., 2010) as well as in the dataset. Study 1 also addressed whether the
severity of symptoms of depression and PTSD were a pathway impacting the relation between
pain catastrophizing and occupational disability 1 year after a whiplash injury. Study 2 examined
the direction of influence between pain catastrophizing and symptoms of mental health problems
as well as pain severity in individuals receiving treatment for whiplash injuries.

In the following sections, a brief summary of the findings of the two studies and their
context within related research will be presented. Given that the two manuscripts included in the
present thesis already offer a detailed interpretation of our findings based on previous work in
the area, the general discussion will emphasize the overall contribution of our findings to the
existing literature. The theoretical and clinical implications of these findings will be discussed.

Summary of findings

Whiplash injuries remain a debilitating condition with significant costs to individuals,
their communities, the healthcare system, and more. Better understanding the processes through
which pain catastrophizing contributes to disability following whiplash injury is an important
step in improving recovery outcomes from both a research and clinical perspective. The findings
of the current studies build upon the widely accepted notion that pain catastrophizing is one of
the most robust predictors of recovery outcomes following whiplash injury.

The two studies in the current thesis extend previous research in a number of ways. First,
results from Study 1 demonstrate that scores on a measure of pain catastrophizing can
differentiate between participants with and without mental health comorbidity. Our findings also
reveal that the relation between pain catastrophizing and occupational disability is influenced by

the presence of mental health comorbidity (Study 1). The pattern of findings remained
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unchanged even when using a more stringent cut-score for depressive symptoms, as suggested
for use in pain research (Geisser et al., 1997). Results of Study 2 provide support for the
antecedent role of pain catastrophizing in the prediction of pain severity, depression, and PTSS
in individuals undergoing treatment for whiplash injury. Taken together, the findings of this
thesis suggest that the interplay between pain and mental health variables is crucial to consider in
the context of rehabilitation following whiplash injury, and that pain catastrophizing appears to
have a transdiagnostic role in the onset and maintenance of health and mental health problems in
this context.
Theoretical implications

The findings of Studies 1 and 2 provide evidence for the potential role of pain
catastrophizing as a transdiagnostic variable for pain-related and mental health outcomes. A
transdiagnostic approach “identifies] similarities in comorbidities” (Linton & Bergbom, 2011, p.
51) in order to uncover shared mechanisms (i.e., factors which impact multiple conditions
simultaneously). In the context of pain, a transdiagnostic approach suggests that there are shared
mechanisms between the persistence of pain and comorbid conditions, such as mental health
difficulties, which negatively impact functioning and well-being (Linton et al., 2018).
Transdiagnostic models endeavour to provide a more parsimonious explanation for the
comorbidities of pain conditions (Mansell et al., 2009). Targeting these shared mechanisms, or
transdiagnostic variables, rather than treating each individual condition separately is likely a
more efficacious manner of reducing the burden of living with a pain condition.

Although the importance of catastrophizing as a risk factor has been acknowledged for
several decades (Quartana et al., 2009; Sullivan, Thorn, et al., 2001; Turner & Aaron, 2001), the

potential transdiagnostic influence of pain catastrophizing was first addressed by Linton and
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Bergbom in 2011. These researchers highlighted the similar role of catastrophic thinking in
traditional cognitive models of depression (Beck et al., 1979) and in the fear-avoidance model of
musculoskeletal pain conditions (Vlaeyen & Linton, 2000). They suggested that these conceptual
models, in addition to the empirical findings linking catastrophizing to depressive symptoms and
to pain severity, provided evidence for the key role of catastrophizing in explaining the
comorbidity between pain and depression (Linton & Bergbom, 2011).

Gellatly and Beck (2016) later addressed how catastrophic thinking had been invoked as
an explanatory construct for several mental health and health conditions, such as pain, phobias,
obsessive-compulsive disorder, traumatic brain injuries, and PTSD. These authors suggested that
cognitive and emotional processes associated with catastrophizing are largely consistent across a
range of health and mental health conditions, while the content of catastrophizing and subsequent
beliefs are distinct for each condition (Gellatly & Beck, 2016). Although the current thesis
advances empirical evidence for the transdiagnostic role of pain catastrophizing in predicting
pain severity, depressive symptoms, and PTSS following whiplash injury, further research is
needed to confirm these findings with diagnosed mental health conditions such as Major
Depressive Disorder and PTSD.

Gellatly and Beck (2016) propose a model to describe the mechanisms through which
catastrophic thinking impacts on health and mental health conditions. They suggest that
catastrophic thinking triggers cognitive processes such as interpretive bias, attentional bias, and
attentional fixation, which might act as common vulnerability factors for different health and
mental health conditions (Gellatly & Beck, 2016). Indeed, pain catastrophizing has been shown
to be associated with interpretive bias (Elhamiasl et al., 2020; Heathcote et al., 2016; Khatibi et

al., 2014), attentional bias (Crombez et al., 1998; Jones et al., 2021; Michael & Burns, 2004;
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Spanos et al., 1979), and attentional fixation (Heathcote et al., 2015; Van Damme et al., 2002;
Vervoort et al., 2013). For example, when shown ambiguous facial expressions, healthy
individuals reporting higher levels of pain catastrophizing were quicker to respond to stimuli
related to painful expressions than stimuli related to happy expressions (Khatibi et al., 2014).
Elhamiasl et al. (2020) used self-report measures of interpretative bias and catastrophizing as an
emotional regulation tool in a sample of 30 individuals with Iliness Anxiety Disorder and 30
healthy controls matched on gender and age. Results revealed a significant correlation between
interpretation bias and catastrophic thinking (Elhamiasl et al., 2020). Heathcote et al. (2016)
found that, in a community sample of adolescents aged 16 or older, the tendency to negatively
interpret different types of ambiguous stimuli (i.e., related to pain, health, and social contexts)
was positively correlated with catastrophizing scores. In addition, the latter study found evidence
for a mediation model, wherein interpretative bias completely mediated the relationship between
catastrophic thinking and recent pain experiences (Heathcote et al., 2016).

The inability to shift attention away from pain, or attentional bias to pain, is an important
aspect of our understanding of the possible mechanisms through which pain catastrophizing
impacts the experience of pain (Spanos et al., 1979). A recent meta-analysis of eye-tracking
studies found that a small but significant amount of variance in first fixation — the tendency to
initially look at a pain-related stimulus before a non-pain-related stimulus — was accounted for by
pain catastrophizing (Jones et al., 2021). Using a reaction-time paradigm, Crombez et al. (1998)
showed that participants who reported scores above the median on the Pain Catastrophizing
Scale (PCS) responded significantly more slowly to an auditory stimulus when it was
immediately preceded by a painful electrocutaneous stimulus compared to a control

electrocutaneous stimulus (Crombez et al., 1998). Michael and Burns (2004) used an attentional
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paradigm on a sample of 82 chronic pain participants during the cold pressor task to explore the
impact of catastrophizing levels on pain severity. Participants were divided into three conditions:
sensory focus (i.e., attending to physical aspects of the pain experience, such as burning), affect
focus, (i.e., attending to emotional aspects of the pain experience, such as excruciating) or
control. Results showed that participants with higher levels of pain catastrophizing in the affect
focus condition were associated with a reduced threshold and tolerance during the cold pressor
task, whereas this association was not seen in participants with lower levels of pain
catastrophizing (Michael & Burns, 2004). These findings suggest that higher levels of
catastrophic thinking create an attentional bias towards threatening and distressing aspects of
pain.

Catastrophic thinking has also been both theoretically and empirically associated with
attentional fixation. The ‘rumination’ factor of the PCS has been conceptualized as the tendency
to continue attending to pain stimuli or the inability to disengage from pain-related stimuli
(Sullivan et al., 1995). Empirical evidence suggests that higher levels of pain catastrophizing
might reduce the ability to disengage from pain-related stimuli (Van Damme et al., 2002). In one
study, healthy adolescents completed a dot-probe task, in which participants were required to
respond as quickly and as accurately as possible regarding the position of a dot on the screen
following the presentation of a stimulus. Participants with higher levels of pain catastrophizing
were found to have a significant association between low levels of attentional control (i.e., the
inability to flexibly shift attention, or avoid attentional fixation) and increased attentional
vigilance (Heathcote et al., 2015). Using an eye-tracking task, Vervoort and colleagues (2013)
conducted a study on healthy participants to explore how attentional processes related to painful

facial expressions are related to pain catastrophizing. Participants who reported high levels of
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pain intensity over the previous three months had a significantly longer overall gaze for all facial
expressions (i.e., neutral and painful) when they also reported higher levels of pain
catastrophizing, in comparison to participants reporting lower levels of pain catastrophizing
(Vervoort et al., 2013).

Beyond the identification of treatment mechanisms, an important question to consider in
the interpretation of the findings of this thesis as well as other literature on treatment
mechanisms for addressing pain and comorbid mental health conditions relates to the timing of
intervention and measurement (Laurenceau et al., 2007). Research on these topics is incredibly
heterogenous in the assessment of when change might take place. In fact, most studies minimally
or do not acknowledge the timing of their measurements when comparing to other similar
studies. This is especially relevant when using statistical approaches such as cross-lagged panel
models, which depend on the assumption of timing: that variables included within the model
have been assessed simultaneously at different time points, that these timepoints are equidistant
from one another, and that these timepoints are appropriate for the expected changes. If research
on interventions targeting important risk factors are not sensitive to the “developmental timeline”
of chronic pain (Linton et al., 2018, p. 321), important findings might be missed entirely. Little
research has been conducted to guide researchers in navigating this critical question. Other
researchers have previously highlighted that “change does not necessarily occur in a linear,
steady way” (Thorn & Burns, 2011, p. 706), meaning that it would be faulty to assume that
findings will remain consistent regardless of when change is assessed. Indeed, these questions
have a direct impact on findings related to mediation and moderation of treatment outcomes

(Laurenceau et al., 2007).
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Clinical implications

The findings of the current thesis also provide meaningful empirical evidence for the
relevance and utility of pain catastrophizing in a clinical context following whiplash injury.
Study 1 of this thesis demonstrated the clinical utility of the PCS for identifying the presence of
clinically significant mental health comorbidities (i.e., depression and/or PTSD). In addition,
findings from Study 1 showed that the presence of clinically significant levels of depression
and/or PTSD prior to treatment significantly predicted occupational disability at a one-year
follow-up. Building upon these findings, Study 2 demonstrated that pain catastrophizing might
play a transdiagnostic role in influencing pain severity, depressive symptoms, and PTSS,
particularly earlier in treatment.

In the initial stages following a whiplash injury (i.e., the acute and subacute stages),
individuals primarily consult with primary care professionals, such as family doctors and
physiotherapists, to treat their symptoms. Current clinical recommendations for neck pain
highlight the importance of identifying and modifying prognostic risk factors such as
psychological factors to reduce the likelihood of prolonged impairment (Cote et al., 2016).
Nonetheless, up to 50% of individuals with whiplash injuries have not recovered one year
following their injury (Carroll et al., 2008; Sterling, 2016). This suggests that assessment of
prognostic risk factors at the primary care level remains inadequate for preventing prolonged
recovery following whiplash injury. Our findings point to the impediment that comorbid mental
health conditions can have on recovery from whiplash injury. As such, identification and
subsequent treatment of these comorbidities is likely an important aspect of optimizing treatment

for whiplash injury.
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As demonstrated in Study 1, the PCS could be used in primary care contexts to
effectively identify individuals with clinically significant levels of mental health comorbidity.
Primary care professionals working with acute whiplash injuries could screen patients for referral
to mental health services. Unfortunately, existing research suggests that the PCS is currently
underutilized in primary care to identify high-risk pain patients. One study found that only 15.1%
of physiotherapists in Spain routinely use the PCS (Otero-Ketterer et al., 2023). In a study of
primary care physicians and physiotherapists in Saudi Arabia, the PCS was used on average by
<5% of study participants (Alhowimel et al., 2021). This is an important contrast to the high
rates of use of the PCS in tertiary care, where the challenges associated with prolonged pain and
comorbid mental health problems have already emerged. Administration of the PCS in primary
care settings would permit for the identification of high-risk pain patients and subsequent
treatment of risk factors such as pain catastrophizing and mental health conditions, potentially
preventing the chronification of pain. To address this implementation gap, routine screening of
pain catastrophizing could be incorporated in the structure of health care services, similarly to
how health history information is collected. Several shortened versions of the PCS have been
developed (Cheng et al., 2019; McWilliams et al., 2015; Walton et al., 2020) and could be
included as part of standardized intake assessments in primary care settings.

As such, utilizing pain catastrophizing levels to identify patients who would benefit from
additional services (i.e., mental health support) appears to be a crucial first step in the
implementation of risk-targeted interventions. Once problematic levels of pain catastrophizing
have been identified, risk-targeted interventions can be used specifically to reduce levels of pain
catastrophizing. The findings of the current thesis suggest that, by targeting pain catastrophizing

levels, treatment could subsequently reduce pain severity as well as mental health symptoms.
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Although research on the role of pain catastrophizing as a risk factor for problematic recovery
outcomes in individuals with whiplash injuries supports pain catastrophizing as an important
treatment target, little to no research exists regarding clinical interventions targeting pain
catastrophizing as a transdiagnostic variable. Adopting a transdiagnostic perspective could help
improve assessment and treatment of pain conditions such as whiplash injury by focusing on
shared mechanisms rather than treating comorbid conditions separately. Treatments targeting
transdiagnostic processes have the potential to improve the effectiveness of multidisciplinary
pain treatment as well as reduce the presence of comorbid conditions (Linton et al., 2018).
Although the exploration of a transdiagnostic approach for pain treatment is relatively
new, many schools of psychotherapy have been moving towards transdiagnostic treatment for
several decades. Many mental health conditions, such as anxiety and depression, are argued to
have similar symptoms or common elements (Barlow et al., 2004). Similar to pain researchers
(Linton, 2013; Linton et al., 2018), researchers in the domain of mental health acknowledge that
addressing the underlying processes of comorbid mental health conditions can be more efficient
than treating the symptoms of multiple specific conditions (Farinha-Fernandes et al., 2020;
Gallagher, 2017). Numerous studies have revealed that transdiagnostic interventions for
psychological conditions are equally or more efficacious compared to control or comparison
conditions (Dalgleish et al., 2020; Gros & Coyne, 2022). Many studies have been published on
the short- and long-term effectiveness of transdiagnostic cognitive-behavioural therapy (CBT)
for reducing symptoms of anxiety, depression, and PTSD in individuals with mental health
conditions (Eskildsen et al., 2020; Ito et al., 2023; O'Donnell et al., 2021; Reinholt et al., 2022;

Varkovitzky et al., 2017). In addition to the comparable efficacy with diagnostically separate
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treatments, other benefits of the use of transdiagnostic approaches include helping patients to
manage comorbid mental health conditions and reducing waitlist times (Titov et al., 2011).

To date, several psychological interventions aimed at reducing pain catastrophizing have
been developed. Intervention approaches have varied in structure and content, from web-based
psychoeducational approaches to weekly psychotherapy sessions extending over several months.
For example, a pain education intervention developed to help individuals with chronic pain learn
about pain biology (Gallagher et al., 2013; Moseley, 2007) has been shown to yield significant
reductions in pain catastrophizing (Gallagher et al., 2013; Meeus et al., 2010; Moseley et al.,
2004). Furthermore, a single-session intervention was developed to target pain catastrophizing
using CBT techniques (such as education on pain catastrophizing as well as coping skills to
reduce physiological arousal and address catastrophic cognitions) (Darnall et al., 2014). Studies
using this intervention have been found to yield significant reductions in pain catastrophizing
(Darnall et al., 2021; Darnall et al., 2014; Ziadni et al., 2021). Other researchers have proposed
to treat catastrophizing through exposure (Keogh & Cochrane, 2002), though existing evidence
on the efficacy of this approach is mixed (Boersma et al., 2019; Hollander et al., 2020; Ryum et
al., 2021).

Another interesting approach to address the high rates of mental health comorbidity
associated with pain catastrophizing in pain conditions is to adapt existing evidence-based forms
of psychotherapy to the context of pain (Day et al., 2019; Linton, 2013). Empirical studies
support the effectiveness of psychological intervention, traditionally developed to reduce mental
health symptoms, for also addressing pain-related outcomes (Day et al., 2019). Several
psychotherapeutic interventions have already been adapted to target pain-related outcomes in

addition to mental health outcomes (Dahl et al., 2005; Day, 2017; Thorn, 2017; Vowles &
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Sorrell, 2008). A wide range of interventions, including mindfulness-based and cognitive
behavioural therapies, have been shown to successfully reduce and maintain reductions of pain
catastrophizing levels (Burns et al., 2012; Gardner-Nix et al., 2008; Luciano et al., 2014; Turner
etal., 2006).

The results of studies conducted to date suggest that a variety of approaches can yield
reductions in pain catastrophizing (Wideman & Sullivan, 2011). However, questions have been
raised about the clinical meaningfulness of studies that have been conducted to date. In many of
the intervention studies developed to target pain catastrophizing, the average PCS score for the
study sample was below previously identified risk thresholds (Gallagher et al., 2013; Meeus et
al., 2010; Moseley et al., 2004; Paré et al., 2019; Scott et al., 2014; Ziadni et al., 2021). In
addition to low scores on the PCS, it is also important to look beyond statistical significance and
consider the magnitude of change in scores when questioning the clinical utility of the PCS.
Scott and colleagues (2014) reported that reductions in PCS scores of 38% or greater were best
associated with positive recovery outcomes (i.e., pain severity and occupational disability)
following whiplash injury. A recent systematic review and meta-analysis found that, despite
examining interventions purported to target pain catastrophizing levels, the reduction in
catastrophizing was small and of questionable clinical significance (Schutze et al., 2018).

It is possible that the dispositional nature of pain catastrophizing might be one of the
factors contributing to challenges in reducing levels of catastrophic thinking. Decades of
theoretical and empirical research suggest that pain catastrophizing is, in large part, a trait
variable (Campbell et al., 2010; Petrini & Arendt-Nielsen, 2020; Quartana et al., 2009; Sullivan,
Thorn, et al., 2001). Indeed, research increasingly points to the genetic etiology of pain

catastrophizing. Pain catastrophizing appears to be present early in life and has been found to be
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implicated in poor pain-related outcomes in children and adolescents (Feinstein et al., 2017). The
heritability index for pain catastrophizing (36-37%) is slightly lower than, but nonetheless
comparable to, that which has been reported for other personality traits such as neuroticism
(47%) (Boomsma et al., 2018; Burri et al., 2018; Trost et al., 2015). Moreover, latent state-trait
modelling on the PCS has revealed that both state and trait features contribute to the variability
in item responses from the scale, though trait features were a more important contributor
(Dumenci et al., 2020). The trait-like nature of pain catastrophizing could help explain the
minimal success in current interventions, which are developed to treat mutable psychological
processes rather than personality traits, in reducing levels of pain catastrophizing.

Similarly, it is possible that the ego-syntonic nature of pain catastrophizing is another
dimension which helps to explain the treatment resistance of pain catastrophizing. The thought
content associated with personality traits is generally experienced as ego-syntonic, or in line with
one’s self-concept or goals, rather than as a problem requiring change (Hart et al., 2018).
Catastrophic thinking can be considered ego-syntonic because it is generally perceived by those
experiencing it as functional for managing difficult situations such as health or mental health
conditions (Hart et al., 2023; Hart et al., 2018). This cognitive conceptualization of pain
catastrophizing is represented in the misdirected problem-solving model, which proposes that
pain catastrophizing functions as a cognitive strategy to motivate people living with pain to find
biomedical solutions for their pain (Eccleston & Crombez, 2007). However, in focusing on the
problem from a biomedical perspective (in the context of pain), the strategies used to address the
problem can instead be detrimental and lead to a perseverative loop of increasing levels of pain
catastrophizing, persistence in a biomedical understanding of pain, and unresolved pain. As such,

the ego-syntonic nature of catastrophic thinking might decrease one’s ability to recognize this
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cognitive distortion (Beck et al., 1979) and how it contributes to suffering. Furthermore, it is
more difficult to change traits that are ego-syntonic, which are often related to personality, as
individuals rate lower levels of interest in changing these traits (Sleep et al., 2022).
Concluding remarks

The current thesis aimed to examine the predictive role of pain catastrophizing on the
relationships between mental health difficulties and problematic recovery outcomes following
whiplash injury. The manuscripts presented in this thesis lend empirical evidence for the clinical
utility and pertinence of catastrophizing in the early treatment of whiplash injuries through its
relationship with mental health comorbidities. Knowledge gaps remaining in the program of
research include the validity of current findings with diagnosed mental health conditions and the
mechanisms through which pain catastrophizing impacts mental health outcomes, including how
the different subcomponents of pain catastrophizing might be relevant for understanding these
mechanisms. Further exploration of these questions will help to advance the assessment and
treatment of pain catastrophizing as a risk factor for prolonged and problematic recovery
outcomes. Although research over the past several decades has been consistent in demonstrating
the robust predictive role of pain catastrophizing in recovery outcomes, the pathways through
which outcomes following whiplash injury are impacted by pain catastrophizing have remained
relatively unclear. The findings of the studies described in this thesis support the transdiagnostic
role of pain catastrophizing as a risk factor for a range of problematic health and mental health
outcomes, and argue for continued effort to develop risk-targeted interventions that can yield

meaningful reductions in pain catastrophizing.
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