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General Introduction 
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Case 

A 35-year-old male, John, works as an accountant for an international firm and cycles to 

work every day. Six months ago, he fell on his way to work due to a slippery road. He hit his 

head on the curve, resulting in loss of consciousness for 10 minutes. Afterwards, he felt dizzy, 

had a headache and threw up. The emergency physician diagnosed a mild traumatic brain 

injury (Glasgow Coma Scale of 14, loss of consciousness 10 minutes, no CT abnormalities 

and post-traumatic amnesia (PTA) of 1 hour). Within a few hours, he was discharged from 

the hospital with an information pamphlet on ‘concussion’. The physician stated that he 

should take it easy and mentioned that full recovery usually takes place within weeks. From 

the start, John was eager to recover as fast as possible and rested when experiencing 

symptoms, convinced that these symptoms were the result of his damaged brain and he would 

relieve his brain by resting. He gradually resumed work after one month and noticed it was 

difficult to help his wife with their two young children of three and five years old after a 

working day. He tried to cope by minimizing social activities and focusing on work and their 

family, but he kept experiencing the differences of his abilities compared with before the 

injury. Nowadays, John still experiences symptoms such as concentration problems, fatigue, 

headaches, and increased sensitivity for noise. He works half of his contract hours and uses 

the remaining time to recover and attend to his wife and children to the best of his abilities. 

John feels helpless: worried that he will never recover from his damaged brain and regain his 

pre-injury abilities. His general practitioner referred him to the neurologist for advice. 

 

Persistent symptoms after mild traumatic brain injury 

Traumatic brain injury (TBI) poses a major global health issue with a high 

prevalence, annual worldwide incidence of 295 per 100,000 and subsequent high 

societal costs.1 TBI severity (varying between mild, moderate, and severe) 

depends on the duration of post-traumatic amnesia (PTA), loss of consciousness, 

or Glasgow Coma Scale (GCS) score.2, 3 The majority of TBI cases, approximately 

80%, is considered to be mild (mTBI), similar to John (see section ‘Case’).4 mTBI is 

defined as a TBI with GCS score 13-15, loss of consciousness of 30 minutes or less, 

post-traumatic amnesia of 24 hours or less, and/or other transient neurological 

signs.5, 6 The vast majority of patients with mTBI show rapid recovery within days 

to months.3 Although full recovery is expected, some patients show a suboptimal 

recovery pattern and report persistent symptoms (e.g., physical, cognitive, 
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emotional, and/or behavioral symptoms such as fatigue, headaches, and memory 

problems). 

In the last three decades, various developments gave rise to an increase in 

well-designed studies regarding the recovery pattern after mTBI. These 

developments include, but are not limited to, development of in vivo imaging 

techniques7, 8, advanced monitoring techniques for pathophysiological changes9, 

and increased awareness and research funding for persistent symptoms after 

mTBI10. Given the high impact for the individual and their surroundings, the high 

prevalence within chronic care settings and societal costs associated with 

suboptimal recovery, persistent symptoms after mTBI in civilian populations is the 

focus of many researchers. 

Based on group studies in civilian populations, recovery after mTBI is 

typically characterized by absence of consequences or disabling symptoms at 

three months post-injury.2 However, a minority of the patients, approximately 

20%, report persistent symptoms beyond three months post-injury. The exact size 

of this minority remains inconclusive as various percentages across several studies 

are reported due to methodological differences and inconsistencies regarding its 

definition, study design, and/or timing of measurement.11-13 Nevertheless, because 

of the high incidence of TBI, the number of patients with persisting disabling 

symptoms is high. As presented in the case of John, these patients experience 

long-term consequences of their mTBI that interfere with their daily functioning, 

also known as persistent post-concussion symptoms (PCS). This patient group has 

been long known to physicians, with varying references to their symptom complex 

(e.g., ‘traumatic neurosis’, ‘(persistent) postconcussive syndrome’, ‘postconcussion 

syndrome’ or ‘postconcussional disorder’), going back at least to 1889.14, 15 

Nowadays, PCS is included in the DSM-V16, the International Classification of 

Diseases (ICD)-1017, and ICD-1118. Unfortunately, studies searching for the 

explanation for PCS remain inconclusive.19, 20 

 

The search for an explanation of persistent post-concussion symptoms (PCS) 

Quite clearly, despite a first understanding of mTBI as benign and transient 

in nature21, mTBI is not always a mild experience on an individual level. Despite the 

large efforts and advancing techniques to date, neuroimaging methods still lack 

1
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the individual patient-level sensitivity and specificity to serve as a diagnostic tool 

for outcome after mTBI7, and - possibly unintentionally - stimulate the search for 

a biomedical cause by each introduction of a new neuroimaging tool. Furthermore, 

neuropsychological measures do not correlate well with subjective symptom 

experience (e.g., memory or concentration problems) and based on several meta-

analyses, cognitive performance is normalized at three months post-injury on a 

group level.14, 22 Already in 1995, Alexander23 concluded that biomedical measures 

fail to predict suboptimal recovery and introduced psychological factors as 

important additional predictors. 

Since then, diathesis-stressor models are proposed to combine both 

‘physiogenic’ and ‘psychogenic’ factors for the development of PCS.3 They 

typically centralize the idea proposed by Lishman24 that early physiogenic (i.e., 

biomedical) mechanisms (such as neurological symptoms or neurocognitive 

functions) may be responsible for early PCS symptoms, but vicious cycles of non-

organic, psychological mechanisms may be responsible for persistence over time.3 

For example, King14 proposed psychological processes within the patient such as 

‘early worries about symptom longevity’ and ‘experienced dissonance between 

mild injury severity and severity of symptoms’.

Silverberg and Iverson25 updated this diathesis-stressor approach in the 

light of the accumulating evidence that psychological factors play an important 

etiological role from the onset, not only in the chronic phase. Psychological 

factors, such as mental health status or anxiety, present before the injury, are 

found to be among the strongest predictors of the severity and course of PCS.21, 26 

More recently, Silverberg et al.20 conclude that a biopsychosocial model shows the 

best fit with the data and improve explanation of the development and 

maintenance of PCS. That is, the combination of biomedical and psychosocial 

factors, possibly with individual differences in their relative contributions27, can 

contribute to PCS throughout its course  

Especially the role of anxiety and maladaptive thoughts about these 

symptoms seem important psychological predictors for PCS.3, 20, 26 Many 

inconsistencies regarding predictors can be found in the literature, but Silverberg 

and Iverson25 highlighted a potential confounder in group studies. They stated that 

group studies aggregated data from patients with two drastically different 
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recovery curves; (1) a small subgroup with increasing anxiety and persistent 

symptoms; and (2) a larger subgroup with decreasing anxiety and timely recovery. 

This would centralize the role of anxiety in understanding recovery. Furthermore, 

Whittaker et al.28 showed in a longitudinal study that individuals, who initially 

viewed their injury as ‘having serious and persisting negative consequences’ soon 

after injury, have more symptoms at three months, potentially resulting in ‘self-

sustaining dysfunctional loops’27. In these loops, maladaptive thoughts about 

symptoms lead to symptoms resulting in more maladaptive thoughts and further 

maintaining or intensifying symptom experience. A biopsychosocial model 

centralizing the role of anxiety and explaining PCS as a self-sustaining 

dysfunctional loop is the fear-avoidance (FA) model. 

 

A potential new explanation: introducing the FA model into neuropsychology

The FA model is originally developed in 1995 to explain chronic musculoskeletal 

pain. In the last decades, it has been useful in patients who experience 

longstanding symptoms and it explains disability in chronic pain, tinnitus, chronic 

fatigue, whiplash syndrome, cancer survivors and fibromyalgia.29-34 The generic 

nonspecific biopsychosocial FA model suggests that it is not only the severity of 

the injury itself, but a combination with a psychosocial disease process over time. 

This process consists of extended catastrophical thinking about the initial 

symptoms and fear-avoidance behavior, initiated by a biomedical injury, which 

will explain the level of disability and persistence of symptoms. 

Applying this model to PCS in mTBI, specifically to John (see section ‘Case’), 

would indicate that he erroneously interpreted his symptoms as a sign of brain 

pathology over which one has little or no control (e.g., “convinced that these 

symptoms were the result of his damaged brain”). Such catastrophizing thoughts 

could extend to fear of mental activities, introduced as ‘cogniphobia’23,24 (similar to 

‘kinesiophobia’ or fear of physical activity in chronic pain), and subsequently 

decrease activity levels and may result in progressive disuse, symptoms of 

depression, and disability. In the case of John, his maladaptive thoughts resulted 

in resting when experiencing symptoms, not returning to work the entire first 

month and his thoughts were reinforced by symptom exaggeration when 

resuming work activities. Furthermore, minimizing social activities and feelings of 

1
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failing to resume to pre-injury roles as employee and husband resulted in 

symptoms of depression (e.g. ‘feeling hopeless’) and disability (e.g. ‘working half 

his contract hours, no social activities’). This could then increase the amount and 

magnitude of PCS concluding its cyclic pattern.35, 36 This PCS-related FA model is 

depicted in Figure 1. Although a biopsychosocial approach is suggested by various 

studies20, 37-39, including a systematic review20, the applicability of the FA model in 

mTBI has not been studied before. Besides enriching our current understanding of 

recovery after mTBI, a first exploration of the FA model in mTBI will potentially 

clarify a disease process over time and potentially reveal treatment targets for 

delayed recovery after mTBI.  

 

Figure 1. The FA model applied to mTBI. 

  

 

 

 

 

Notes. mTBI = Mild Traumatic Brain Injury, PCS = persistent post-concussion 

symptoms. 

 

Exploring the FA model in neuropsychology 

One of the first explorations of the FA model in a neurological disease was 

performed by Bol et al.40. To apply the FA model to neurological conditions, 

adaptations to the original pain-related FA model were needed. Firstly, to explain 

symptoms experienced by patients with brain injury, such as fatigue, headaches 

or cognitive symptoms, the symptom ‘chronic pain’ should be changed to these 

neuropsychological symptoms. Bol et al.40 proposed the fatigue equivalent of the 

original FA model to understand the multifactorial pathogenesis of fatigue in 262 

patients with multiple sclerosis (MS). Although the results were promising, cross-

validation in another dataset remained necessary to proof the model by 
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replication and make a valid generalization and application to everyday clinical 

practice possible. 

Before exploring the potential of a biopsychosocial model to explain the 

disease process over time in mTBI, it is important to attend to the role of 

psychosocial variables specifically. Previous studies revealed that psychosocial 

variables (e.g., coping and personality characteristics) are relevant to understand 

persistent symptoms after TBI.38, 41 Investigating their temporal stability (i.e., if 

psychosocial variables remain stable during a disease process with a biomedical 

onset) would be an important next step. Results from such studies can be used to 

gain knowledge about whether these factors should be taken into account when 

trying to explain PCS and if they can be influenced in such way that outcome can 

be altered. Similar to mTBI, previous studies reveal the importance of 

incorporating psychosocial variables when explaining neuropsychological disabling 

symptoms in stroke.42-44 Although large longitudinal studies examining various 

psychological characteristics over time in neurological conditions are scarce, a 

large longitudinal cohort study, known as the Restore4Stroke Cohort study45, has 

been conducted in patients with stroke. This study enables exploration of the 

temporal stability of psychological characteristics in the first two years post-

stroke. 

Next to temporal stability of psychological characteristics, development and 

validation of proper measures to assess PCS-related catastrophizing and fear-

avoidance thoughts are needed to explore the FA model in mTBI. This was also 

one of the first steps in the development of the FA model in chronic pain.46 

Besides the adaptation to measure PCS instead of chronic pain, another 

adaptation is needed. Instead of explaining symptoms by a mechanism fueled by 

fear of movement, also known as kinesiophobia29, symptoms may be explained by 

cogniphobia23,24. Due to these two major adaptations, valid and reliable diagnostic 

instruments need to be constructed to measure PCS-related catastrophizing and 

fear-avoidance thoughts. 

 

Measures of the PCS-related FA model 

These newly-developed questionnaires can be derived from widely used and 

validated questionnaires assessing these psychological aspects regarding chronic 

1
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pain47. To assess PCS-related catastrophizing and fear-avoidance thoughts, an 

adaptation of the Pain Catastrophizing Scale48 and the Tampa Scale of 

Kinesiophobia46 is needed. Validation and reference data of these two new 

questionnaires are not yet available. Moreover, based on the original experimental 

paradigm in chronic pain of Vlaeyen et al.31, to establish further validity of the 

PCS-related fear-avoidance measures, it would be interesting to see if high levels 

of PCS-related catastrophizing and fear-avoidance thoughts would lead to 

behavioral avoidance of mental activities. 

Important to note is that it is well established in the literature that PCS, 

similar to pain, are nonspecific25, 49; they can arise from other conditions, 

separately or in combination, such as chronic headaches, chronic pain, depression, 

or post-traumatic stress disorder.25 The nature and extent of symptoms reported 

by individuals with mTBI can be influenced by psychological distress, psychosocial 

factors (e.g., misattributions such as the good-old-day bias), and personality 

characteristics (e.g., pre-injury personality traits).20, 37-39, 50-56 Moreover, these 

symptoms are also common in the general population and in people with medical 

problems.57-59 Similar to studies assessing the original FA model (assessing pain)48, 

60, 61, validation and experimental studies performed in healthy adults can provide 

relevant insights into the adapted FA model.  

These studies would reveal potential thoughts, attitudes and associated 

behavior regarding symptoms occurring in everyday situations (e.g., headache, 

fatigue, or feelings of anxiety) and enable differentiating and quantifying these 

constructs in patient populations. Furthermore, studies based on experimental 

psychopathology contribute to the formation of theories explaining disease 

processes, in this instance the FA model, by introducing a manipulating variable 

(e.g., cognitively challenging tasks) in order to evoke features of psychopathology 

(e.g., fear-avoidance behavior) in healthy subjects.62, 63 

 

The FA model in mTBI 

After the development of reliable and valid measures, the potential of the PCS-

related FA model in mTBI can be explored. As this model is not studied in mild TBI 

before, patient studies are warranted. To establish its value in explaining a disease 

process over time, especially persistence of symptoms, studies in the chronic 
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phase after mTBI (i.e., at least three months post-injury) are necessary. To reveal 

if the PCS-related FA model can be applied to all severities (mild, moderate, 

severe), studies including patients with mTBI and moderate to severe TBI are 

required. 

 

Aims and outline of this thesis 

The main aim of this thesis is to provide novel insights on persistent symptoms 

after brain injury by exploring the PCS-related fear-avoidance (FA) model. To 

achieve this, this thesis addresses the following research questions: 

1. Does a biopsychosocial model, the FA model, explain persistent symptoms 

after MS? 

2. Are psychological characteristics after stroke stable over time? 

3. Can newly developed measures reliably and validly assess PCS-related 

catastrophizing and fear-avoidance thoughts? 

4. Does the PCS-related FA model explain outcome after mild and moderate to 

severe TBI? 

 

Outline 

In chapter 2, we investigated the first research question exploring the FA 

model in patients with MS. 

In chapter 3, we examined the second research question if psychological 

characteristics remain stable in the first two years post-stroke. 

In chapter 4, relating to our fourth research question, our pilot study of 

exploring the PCS-related FA model in a cross-sectional sample of patients 

with TBI is presented. 

In chapter 5, results regarding our third research question are reported, 

describing psychometric properties of two newly developed questionnaires 

assessing PCS-related catastrophizing and fear-avoidance thoughts. 

In chapter 6, an experimental study is presented showing the applicability 

of the PCS-related FA model in a community sample and continues the 

exploration of our third research question regarding the validity of the 

newly developed measures. 

1
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In chapter 7, extending our answer on our fourth research question, a large 

Australian cohort study is presented revealing the additive value of the 

PCS-related FA model in understanding outcome after TBI of all severities. 

In chapter 8, a general discussion is provided reviewing the main findings, 

methodological considerations, and implications for researchers and 

clinicians. 
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Abstract 

Fatigue is a common and disabling symptom in patients with multiple sclerosis 

(MS), but its pathogenesis is still poorly understood and consequently evidence-

based treatment options are limited. Bol et al.1 suggested a new model, which 

explains fatigue in MS from a biopsychosocial perspective, including cognitive-

behavioral factors. For purposes of generalization to clinical practice, cross-

validation of this model in another sample of 218 patients with MS was performed 

using structural equation modeling. Path analysis indicated a close and adequate 

global fit (RMSEA = 0.053 and CFI = 0.992). The cross-validated model indicates a 

significant role for disease severity, depression and a fear-avoidance cycle in 

explaining MS-related fatigue. Modifiable factors, such as depression and 

catastrophizing thoughts, propose targets for treatment options. Our findings are 

in line with recent evidence for the effectiveness of a new generation of cognitive 

behavioral therapy, including acceptance and mindfulness-based interventions, 

and provide a theoretical framework for treating fatigue in MS. 

 

Keywords: multiple sclerosis, fatigue, catastrophizing, physical disability, 

structural equation modelling, biopsychosocial model  
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Introduction 

Multiple sclerosis (MS) is characterized by a chronic inflammation of the central 

nervous system, which results in demyelination and atrophy, but has an unknown 

pathogenesis and an unpredictable course. It is one of the most common 

neurological disorder in young adults2 with a prevalence of 0.9 per 10003. Patients 

with MS report a variety of physical and neuropsychiatric symptoms, with fatigue 

being the most frequent and disabling symptom reported: 80%-92% of patients 

with MS report fatigue, and 40%-69% rate fatigue as their most disabling 

symptom.4-6 Fatigue is a major reason for decreased societal participation and is 

also related to disability and poor quality of life. 

Unfortunately, the multifactorial pathogenesis of fatigue in MS is not 

completely understood, and evidence-based treatment options remain scarce.7-10 

Bol et al.1 examined its multifactorial pathogenesis by fitting a biomedical and a 

cognitive behavioral model in a sample of 262 patients with MS using structural 

equation modelling (SEM). Results showed that both models poorly explained 

fatigue in MS, and based on previous research and the results of their SEM 

analyses, they formulated a new model. This final model was an integration of the 

first two models, including both biomedical and cognitive-behavioral factors, and 

can be considered as the fatigue equivalent of the fear-avoidance model of 

chronic musculoskeletal pain.11, 12 In this integrated model, catastrophizing about 

fatigue has a central role: being fueled by depression, it mediated the relationship 

between fatigue and fatigue related fear and avoidance behavior.1  

Catastrophizing about fatigue is defined as a fearful interpretation of the 

meaning of fatigue by exaggerated negative thinking, magnification of symptoms, 

and helplessness (e.g. ‘fatigue is terrible and I think it can never improve’ or ‘when 

I feel tired, there is nothing I can do to decrease its intensity’).13 If fatigue is 

erroneously interpreted as a sign of pathology over which one has little or no 

control, this could gradually extend to a fear and avoidance of physical activities 

and subsequently decreased physical abilities. According to the fear-avoidance 

model, this would then lead to an increase in fatigue concluding its cyclic pattern. 

Lukkahatai and Saligan13 showed in their systematic review a consistent strong 

positive correlation between catastrophizing and fatigue severity in several clinical 

2
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conditions that share fatigue as one of their core symptoms, such as multiple 

sclerosis, chronic fatigue syndrome, fibromyalgia and cancer.  

Besides the role of catastrophizing and fear-avoidance behavior, previous 

research has shown a significant association between depression and fatigue in 

patients with MS, independent of physical disability.14 With regard to the direction 

of influence, a longitudinal study of Patrick et al.15, including 2768 patients with 

MS, showed that depression was one of the most important predictors of fatigue 

at 1-year follow-up. With regard to disease severity, Hadjimichael et al.16 showed 

a significant positive correlation between disease severity and fatigue in patients 

with MS, explaining that more physical disability and neurological impairment are 

associated with higher levels of fatigue. 

This biopsychosocial model of Bol et al.1 integrates these individual 

observations in a single model of fatigue in MS, however cross-validation is 

necessary to make a valid generalization and application to everyday clinical 

practice possible. In the present study, we hypothesize that the associations 

between fatigue, depression, catastrophizing and disease severity described by 

the biopsychosocial model will explain fatigue in another large group of MS 

patients. This cross-validation is important for the understanding of the origin and 

perpetuating of fatigue in patients with MS and will provide a theoretical 

framework for treating fatigue in patients with MS. 

 

Methods 

Participants 

Participants were recruited from hospital databases of the department of 

Neurology of the Zuyderland Medical Center in Sittard-Geleen, the Netherlands. A 

total of 621 Dutch-speaking patients with clinically definite MS according to 

McDonald criteria17, aged between 18 and 65 years, were eligible for inclusion. 

Their treating neurologist sent the initial letters to secure confidentiality. A total of 

403 patients were interested in participating and responded (65% response rate). 

These patients were sent an information letter, an informed consent and 

questionnaires. A total of 312 participants returned the forms (77% response rate). 

Questionnaires were filled in between May 2011 and September 2011. Participants 

who previously participated in the study of Bol et al.1 (N=86) were excluded. 
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Informed consent was obtained from all participants included in the study. 

Patients did not receive any financial compensation for their participation. 

 

Measures 

 Basic demographic information. Age, gender, level of education, 

employment status, marital status and use of psychopharmacological drugs were 

obtained by a demographic inventory filled in by the patients. The level of 

education was based on the highest completed level of education and divided into 

three categories: primary school (low level of education); junior vocational training 

(middle level of education); senior vocational training or academic training (high 

level of education). Medical data, such as disease duration, disease course, MS 

subtype and disease severity were collected from the hospital databases. 

Disease severity. Disease severity was assessed with the Expanded 

Disability Status Scale (EDSS).18 This scale comprises the evaluation of 8 

functioning systems (pyramidal, cerebellar, brainstem, mental, bowel and bladder, 

visual-optic, sensory and other). The EDSS score, based on the evaluation of an 

experienced neurologist, ranges from 0 to 10, where 0 indicates a normal 

neurological examination and 10 indicates death due to MS. Recent EDSS scores 

(<3 months) were extracted from the hospital database.  

Physical disability. Physical disability was assessed with the physical 

dimension of the SF-36, a Dutch translation of the Short Form Health Survey 

developed and validated by Aaronson et al.19. Bol et al.1 showed a high reliability of 

this measure in patients with MS. It consists out of four subscales; physical 

functioning, role limitations due to physical health problems, bodily pain, and 

general health. Each standardized subscore of the physical dimension ranges from 

0 to 100, where a total score of 400 resembles optimal physical health and no 

physical disability. 

Fear-avoidance. Fear-avoidance was assessed with the fatigue version of 

the Tampa Scale for Kinesiophobia (TSK-F)20, which is an adjusted version of the 

TSK for chronic pain.12, 21 Silver et al.20 replaced in all 17 items the word ‘pain’ by 

the word ‘fatigue’ to make the questionnaire suitable for investigation of fatigue-

related fear and avoidance behavior. The score ranges from 17 to 68, where a 

2
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higher score indicates a higher level of fear-avoidance behavior. This instrument 

is found to be valid20 and reliable in patients with MS.1, 20 

 Catastrophizing. Catastrophizing about fatigue was assessed with the 

Fatigue Catastrophizing Scale (FCS), which is an adapted version of the Pain 

Catastrophizing Scale (PCS).22 Psychometric properties of the PCS are adequate.23 

The PCS consists out of 13 items measuring the self-reported frequency of 

catastrophizing thoughts about experienced pain. As with the TSK adaptation, Bol 

et al.1 adapted all the PCS items by replacing the word ‘pain’ by the word ‘fatigue’. 

Scoring alternatives ranged from ‘strongly disagree’ to ‘strongly agree’. As in the 

study of Bol et al.1, three MS-related items were added (‘When I am tired, this is a 

signal there is something wrong in my brain’, ‘When I am tired, this is a warning 

for physical decline’, ‘When I am tired, this is a sign that my MS is getting worse’). 

In total 16 items were administered and the score ranges from 0 to 64 with higher 

scores indicating higher intensity of catastrophizing. Bol et al.1 showed a high 

reliability of this measure in patients with MS. In the current sample the reliability 

was excellent (  = 0.94). 

Fatigue. Fatigue was assessed with the Abbreviated Fatigue Questionnaire 

(AFQ), a valid and reliable instrument.24 Administration to patients with MS also 

revealed its reliability.1 This questionnaire is a selection of four items of the 

Checklist Individual Strength (CIS-20) developed by Vercoulen et al.25. Items are 

rated on a 7-point Likert scale with scoring alternatives ranging from ‘Yes, that is 

true’ to ‘No, that is not true’. The final score ranges from 4 till 28, with higher 

scores indicating a higher severity of physical fatigue. 

Depression. Depression was assessed with the subscale depression of the 

Hospital Anxiety and Depression Scale (HADS)26, a valid and reliable screening 

instrument for patients with MS.27 The total score ranges from 0 to 21 with a 

higher score indicating a higher intensity of depression. Honarmand and 

Feinstein27 showed that patients with MS with a score of 8 or higher are likely 

depressed. 

 

Statistical analyses 

Data analyses were performed using SPSS 22.0.0.0 for Windows (SPSS Inc., 

Chicago, IL). If less than 25% of the items of questionnaires, or more than 50% if a 
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questionnaire consisted of four items, were missing, missing values were imputed 

by the mean of the remaining non-missing items of the scale (27 values across 24 

participants). Descriptive statistics were used to describe the sample. No variable 

was significantly skewed (skewness <-1 or >1) nor were there any significant 

outliers (all cases were within 1.5 interquartile ranges from the upper or lower 

quartile). Cronbach’s alpha was used to test reliability of all questionnaires. 

Relations between all variables were analyzed by Pearson-correlations. An alpha 

level of .05 was used for all statistical tests. 

Cross-validation was analyzed with structural equation modeling in Mplus 

7.28 The biopsychosocial model of Bol et al.1 was specified in a path analysis using 

manifest variables only (no measurement model). Error terms were assumed to be 

uncorrelated and left free. The Root Mean Square Error of Approximation (RMSEA) 

was used as a global fit index, because parsimony and sample size are taken into 

account. RMSEA represents the lack of fit in comparison with a perfect fit and 

should therefore be low. RMSEA values up to 0.05 indicate a close fit, values 

between 0.05 and 0.08 indicate an acceptable fit, values between 0.08 and 0.10 

indicate a mediocre fit, and those greater than 0.10 indicate a poor fit. 

Furthermore, the comparative fit index (CFI) was used, because it represents the 

relative improvement of the model in comparison with a baseline model, usually a 

model in which all observed variables are uncorrelated. Values larger than 0.95 

indicate a good fit and values between 0.90 and 0.95 indicate an acceptable fit. 

Furthermore, the Chi square test of model fit, Standardized Root Mean Square 

Residual (SRMR) and Tucker-Lewis Index (TLI) were also reviewed as fit indexes. A 

non-significant Chi square test of model fit indicates a good fit. SRMR values 

smaller than .08 indicate an acceptable fit, whereas values smaller than 0.05 

indicate a good fit. TLI values higher than .90 are acceptable and values higher 

than .95 represent a good fit. To control for possible normality assumption 

violation, a robust maximum likelihood estimator for standard errors, also known 

as the ‘Huber Sandwich Estimator’, was used.29 Modification indices were 

inspected to consider further fine-tuning of the model to the data-at-hand in an 

exploratory fashion. Finally, direct and total effects of the significant variables 

were calculated. 
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Results 

Patient sample 

A total of two participants were excluded due to too many missing values (>25% 

of items of questionnaires missing). Finally, six participants were excluded due to 

a missing value in the single exogenous variable, EDSS, which was necessary for 

proper structural equation modeling (SEM) analysis. This resulted in a final sample 

of 218 outpatients (53 men, 165 women) with an average age of 48.0 years (SD = 

10.5, range 19 – 65). Most of them had a relapsing remitting disease course (n = 

153), while 43 patients had a secondary progressive disease course and 21 

patients had a primary progressive disease course (1 missing value). The mean 

disease duration was 8.8 years (SD = 7.5, range 0 – 30 years) with an average 

EDSS score of 3.6 (SD = 1.9, range 0.5 – 8.0), which resembles a moderate disease 

severity. Around 24% of the sample showed high levels of catastrophizing, using 

the cutoff score of 30 as suggested by Sullivan et al.22 for patients with pain. 

Around 34% of the sample showed high levels of fear-avoidance, using the cutoff 

score of 37 as suggested by Vlaeyen et al.12 for patients with pain. See Table 1 for 

a summary of all patient characteristics. 

 

Table 1. Patient characteristics (n = 218) 
Variable Value  
Gender % female (n) 76 (165)  
Age in years [mean, (SD)] 48.0 (10.5) Range 19.6 – 65.6 
Disease duration in years (mean, (SD)) 8.8 (7.5) Range 0.1 – 30.2 
Disease course   

Relapsing Remitting (%) 71  
Secondary Progressive (%) 20  
Primary Progressive (%) 9  

Use of disease modifying drugs (% yes, % no) 61/39  
Use of psychopharmaca (% yes, % no) 25/75  
Level of education (% low, % middle, % high) 
Marital status (% partner, % no partner) 

24/37/39 
82/28 

 

Employment status (% working, % not working) 32/68  
 

Reliability and correlations 

Table 2 resembles means, standard deviations, ranges, reliability indexes 

(Cronbach’s alphas) for all measures and their intercorrelations (Pearson). All 

questionnaires had a satisfactory internal consistency (range 0.69 – 0.94). All 

intercorrelations were statistically significant (p < 0.01) with the strongest 

correlation between depression and physical disability. Higher levels of depression 
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were associated with lower levels of physical ability (r= -0.58, p < 0.001). The 

weakest correlation was found between disease severity and catastrophizing 

about fatigue (r= 0.21, p < 0.01). 

 

Table 2. Means, standard deviations (SD), ranges, Cronbach’s alphas ( ) and Pearson-
correlations of all measures 

 Mean (SD) Range  2 3 4 5 6 
1. Disease severity 

(EDSS) 
3.6 (1.9) 0.5-8 - .23** .21* .22** .29** -.48** 

2. Fatigue  
(AFQ) 

19.7 (6.8) 4-28 0.90 - .55** .34** .54** -.63**

3. Catastrophizing 
about fatigue (FCS) 

19.9 (14.1) 0-56 0.94 - - .58** .57** -.55** 

4. Fatigue-related 
fear and avoidance  
(TSK-F) 

34.3 (8.3) 20-68 0.73 - - - .41** -.42** 

5. Depression  
(HADS-D) 

6.0 (4.0) 0-17 0.82 - - - - -.58** 

6. Physical disability 
(SF-physical) 

208.5 (92.1) 25-400 0.69 - - - - - 

Notes. EDSS Expanded Disability Status Scale, AFQ Abbreviated Fatigue Questionnaire, FCS 
Fatigue Catastrophizing Scale, TSK-F Fatigue Version of the Tampa Scale for Kinesiophobia, 
HADS-D depression subscale of the Hospital Anxiety and Depression Scale, SF-physical Physical 
scale of the Short Form Health Survey. * p < 0.01; ** p < 0.001 

 

Structural equation modeling analyses 

Figure 1 shows the results of the path analysis of the new model proposed by Bol 

et al.1. The RMSEA value was 0.053 (90% CI: 0.000 – 0.112), which indicates an 

acceptable fit. The SRMR, CFI and TLI value were respectively 0.023, 0.992 and 

0.979, indicating a good fit. The Chi-square test of model fit was non-significant 

(p = 0.138) also indicating a good fit. Furthermore, all hypothesized relationships 

were statistically significant. The total explained variance of fatigue measured 

with the AFQ was 44%. All variables provided a significant contribution to this 

explained variance. Both depression ( =.27) and physical disability ( =-.45) were 

directly associated with fatigue. There were no modification indexes given, 

suggesting that no alternative specification of relationships between the variables 

were identified which could improve the model. We added a relationship from 

disease severity to depression, due to its significance in the second model 

postulated by Bol et al.1, but this worsened the global fit of our model and was 

subsequently removed. Moreover, we ran an additional post hoc analysis to study 

the variance in fatigue explained by the fear-avoidance cycle. For this, we omitted 

the paths to and from depression and disease severity (see Fig. 1) from the model. 
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This showed that physical disability, fear-avoidance, catastrophizing and their 

underlying associations explain 39% of the variance in fatigue, compared with 

44% of the total model. See Table 3 for an overview of the standardized direct, 

indirect and total effects on fatigue. 

 

Figure 1. Path analysis of the biopsychosocial model of fatigue in multiple sclerosis (n = 218) 

 
Notes. Values shown are standardized regression coefficients and based on cross-sectional data. 
Light grey variables and their relationships represent the fear-avoidance cycle within the model. 
Explained variances are provided in parentheses. Please note that the scale of physical disability is 
inverted. * p < 0.05; ** p < 0.01; *** p < 0.001 
 

Table 3. Standardized direct, indirect and total effects on fatigue 
Variable Direct Indirect Total 
Fear-Avoidance (TSK-F) 0.000 0.103** 0.103** 
Physical disability (SF-physical) -0.447*** -0.173*** -0.620*** 
Depression (HADS-D) 0.274*** 0.024* 0.298*** 
Disease severity (EDSS) 0.000 0.288*** 0.288*** 
Catastrophizing (FCS) 0.000 0.054* 0.054* 
Notes. TSK-F Fatigue Version of the Tampa Scale for Kinesiophobia, SF-physical Physical scale 
of the Short Form Health Survey, HADS-D depression subscale of the Hospital Anxiety and 
Depression Scale, EDSS Expanded Disability Status Scale, FCS Fatigue Catastrophizing Scale 
* p < 0.05; ** p < 0.01; *** p < 0.001 
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Discussion 

Due to the high prevalence of fatigue in patients with MS and its disabling impact 

on everyday activities and quality of life, understanding its pathogenesis and 

identifying its modifiable contributing factors are crucial. Bol et al.1 showed that 

neither a biomedical nor a cognitive-behavioral model explained fatigue in 262 

patients with MS, but suggested a new biopsychosocial model integrating 

elements of the previously tested models, i.e. disease severity, depression and 

fear-avoidance cycle. To generalize and apply this model to everyday clinical 

practice, cross-validation of this integrated model in another sample was needed. 

We hypothesized that the biopsychosocial model of Bol et al.1 can explain fatigue 

in MS in another large sample. 

The SEM analyses presented in this study, explaining fatigue in a new 

sample of 218 patients with MS, showed good support of the biopsychosocial 

model of Bol et al.1. Catastrophizing, depression, physical disability, disease 

severity and fear-avoidance all contribute significantly to fatigue, either directly or 

indirectly. Comparing the results to that of the original publication, the global fit 

indices RMSEA and CFI even slightly improved respectively from 0.085 towards 

0.053 and from 0.983 towards 0.992. This implies an increase in fit from mediocre 

to acceptable (RMSEA) or even good (CFI).  

The biopsychosocial model indicates a significant role for disease severity, 

depression and an adapted fear-avoidance model in explaining MS-related fatigue. 

This integrated model partly overlaps with a recently formulated model by Wu et 

al.30 explaining post-stroke fatigue. They suggest also an integration of biological 

and psychological variables, including depressive symptoms, coping and 

behavioral factors. Also in stroke patients, an intervention including CBT elements 

showed a long term reduction in fatigue.31 Moreover, Zedlitz et al.31 stated that the 

addition of graded activity to the cognitive elements, which focuses on 

improvement of physical disability, resulted in a longer endurance of the fatigue 

reducing effects. 

Translating the biopsychosocial model of Bol et al.1 to clinical practice in MS, 

the model indicates several modifiable factors, such as the fatigue-enhancing 

cycle of fear-avoidance and depression, which form important targets for 

interventions. Diagnosing and treating depression could be a first step to treat MS 
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related fatigue. Depression is with a life-time prevalence of approximately 50% 

very prevalent in MS and probably underdiagnosed and untreated.32, 33 When 

depression is treated, for instance with cognitive behavioral therapy (CBT)34, it is 

likely that fatigue is also reduced. Next, CBT focusing on changing catastrophizing 

thoughts about fatigue could help fatigued MS patients.35-37 Knoop et al.35 

concluded that changes in thoughts about fatigue play a crucial role in CBT for 

fatigue in MS. Hoogerwerf et al.38 showed that also the third generation CBT, 

Mindfulness Based Cognitive Therapy (MBCT) is an effective intervention for 

severely fatigued MS patients. Patients were not only less fatigued after MBCT, 

but also less depressed and less catastrophizing about fatigue. This suggests that 

catastrophizing can be reduced not only by altering the content of thoughts such 

as in regular CBT, but even by disengaging from the maladaptive thoughts about 

fatigue. 

There are several limitations to this study, which should be taken into 

account when interpreting the results and could be addressed in future studies. 

First of all, the design is cross-sectional making it impossible to draw firm 

conclusions about causality and temporal relations in the disease process. More 

prospective and longitudinal studies are needed to confirm the proposed causal 

relationships. Secondly, postal questionnaires were used which made us unable to 

compare responders with non-responders. The response rate was favorable 

(77%), but lower in comparison with Bol et al.1 (93% response rate). A possible 

explanation could be related to the fact that more questionnaires were included 

which demanded more time and energy of the participants. As a result, we cannot 

exclude the possibility of a selection bias. Thirdly, all data were self-reported and 

are therefore sensitive to retrospective bias and response styles. Fourthly, our 

main outcome measure, the AFQ, is a questionnaire consisting out of four items. 

Despite its sufficient validity and reliability, Horemans et al.39 argued that the AFQ 

lacks precision at the individual patient level. Future studies should include fatigue 

questionnaires which are validated in MS patients, such as the Fatigue Severity 

Scale or the Modified Fatigue Impact Scale.40 Finally, other factors, some even 

modifiable, such as sleep disorders, cognitive impairments and maladaptive 

coping styles, were not assessed and therefore lacking in the biopsychosocial 

model. Their inclusion could increase the explained variance of the model due to 
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their previously established influences on fatigue in MS.41-43 Furthermore, the 

overall anxiety level and other distorted cognitive thinking habits besides 

catastrophizing, in which elements of rumination, magnification and helplessness 

are embedded22, could possibly be another useful addition for future studies due 

its modifiable character and insight in effective therapeutic elements. 

Despite these limitations, this cross-validation of the biopsychosocial model 

of Bol et al.1 forms an important next step in explaining MS-related fatigue and 

highlights a promising role for CBT. The integrated model supports the clinical 

practice guidelines that both biological and psychological factors should be taken 

into account during the clinical assessment and treatment of fatigue in MS.44, 45 It is 

expected that development and evaluation of targeted psychological interventions 

will help improving the biopsychosocial model of MS related fatigue. 
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Abstract 

Objective. Psychological factors influence stroke outcomes such as participation 

and quality of life. Although important for clinical practice, not much is known 

about the temporal stability of these factors. This study explored whether 

psychological factors are stable post-stroke.  

Methods. Prospective longitudinal cohort study. The following psychological 

factors were assessed using self-report questionnaires at 2 months and at 2 years 

post-stroke: proactive coping, self-efficacy, extraversion, optimism, passive 

coping, neuroticism and pessimism. Changes over time, associations and 

dimensions among psychological factors were considered. 

Results. Data for 324 participants were available. Only passive coping scores 

showed no change between 2 months and 2 years post-stroke. Participants 

showed less proactive coping, lower self-efficacy, less extraversion, less 

optimism, more neuroticism and more pessimism over time. All but one inter-

correlations of psychological factors, r = [-0.14 - 0.71], and all correlations over 

time, r = [0.42 - 0.64], were significant. At both time points, the psychological 

factors clustered into an “adaptive psychological factor” (proactive coping, self-

efficacy, extraversion) and a “maladaptive psychological factor” (passive coping, 

neuroticism). 

Conclusion. Across all psychological factors, changes toward less favourable 

scores were found. Clinicians should pay attention to adaptive and maladaptive 

psychological factors among stroke patients during long-term care. 

 

Keywords: stroke, psychological factors, rehabilitation, longitudinal studies 

 

Lay abstract 

Every person has a distinct personality. Personality traits may influence how people 

recover from stroke. This study followed 324 patients in the first 2 years after stroke 

and examined whether these personality traits are stable over time. We found 

changes to less favourable outcomes, such as less extraversion, less optimism and 

more neuroticism. Clinicians should be aware of these changes and stimulate the 

use of more adaptive psychological factors, such as proactive coping and optimism. 
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Introduction 

Stroke is a major health problem due to its high prevalence, disabling 

consequences and risk of recurrence.1 According to the International Classification 

of Disability, Functioning and Health (ICF), functioning and health are influenced 

by personal factors, including psychological factors.2 Examples of psychological 

factors are proactive coping, self-efficacy, extraversion, optimism, passive 

coping, neuroticism and pessimism.  

In stroke, specifically, previous research has revealed associations between 

psychological factors and participation or quality of life.3-5 Research has shown 

that proactive coping, self-efficacy, extraversion and optimism are related to 

better outcomes, whereas passive coping, neuroticism and pessimism are related 

to worse outcomes.3-7 These strong associations with outcome highlight the 

importance of gaining knowledge about the properties of these psychological 

factors, such as their stability after stroke. Knowledge about temporal stability can 

be used to optimize the timing of psychological assessments and to gain 

knowledge about whether these factors can be influenced in such a way that 

outcome can be optimized. 

In healthy people psychological factors, especially personality traits, are 

generally regarded as stable.8 Most studies confirm the temporal stability among 

psychological factors in healthy adults9-13, but a few studies have reported 

changes over time in e.g., optimism14 and neuroticism10, 12. Studies in patients with 

stroke and similar neurological conditions, such as traumatic brain injury (TBI), 

have shown mixed findings. Regards personality traits, inconsistent results across 

and within factors have been found and specific evidence remains scarce for 

patients with stroke.11, 12, 15-17 These inconsistencies are also found with regard to 

coping3, 17, 18, possibly also because terminology for subtypes of coping styles 

differs widely19. 

These inconsistencies and limited findings in patients with stroke show the 

need for further exploration of the temporal stability of psychological factors. 

Therefore, the main aim of the current study was to explore whether 

psychological factors, namely proactive coping, self-efficacy, extraversion, 

optimism, passive coping, neuroticism and pessimism, are stable over the first 2 

3
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years post-stroke. Furthermore, we explored possible clustering of these 

psychological factors. 

Methods 

Design and procedure 

The current study was part of the Restore4Stroke cohort study, a multicentre 

prospective longitudinal cohort study in which patients with stroke were recruited 

on admission to the acute stroke unit at 1 of 6 general hospitals in the Netherlands 

and were followed up for 2 years after their stroke. Details of the study 

procedures are given elsewhere.20 The medical ethics committees of all 

participating hospitals provided approval. Participants were recruited between 

March 2011 and March 2013 and all provided written informed consent.  

 After obtaining participants’ informed consent, information on stroke-

related factors (e.g. type of stroke, lateralization, stroke severity, activities of daily 

living (ADL) dependency) was extracted from the hospital database. Information 

on demographic factors was obtained from the patient or family members (within 

the first week post-stroke). At two months post-stroke, participants completed 

self-report questionnaires regarding psychological factors and underwent 

cognitive screening with a trained research assistant. At 2 years post-stroke, 

participants completed the same self-report questionnaires regarding 

psychological factors. The questionnaires were administered on computer or paper 

and were guided by a research assistant if necessary. 

 

Participants 

Inclusion criteria of the Restore4Stroke cohort study were: 18 years old, having a 

diagnosis of stroke (ischaemic or intracerebral haemorrhagic lesion) clinically 

confirmed by the treating neurologist and stroke onset within the last 7 days. 

Exclusion criteria were: (1) having a serious other condition that could be 

expected to influence the study outcomes (e.g. cancer or dementia); (2) having 

already been dependent regarding activities of daily living (ADL) before the stroke, 

as defined by a Barthel Index (BI) score  17; (3) having insufficient command of 

the Dutch language to understand and complete the questionnaires, based on 

clinical judgment and (4) experiencing cognitive decline before the stroke, as 

defined by a score 1 on the Heteroanamnesis List Cognition (HLC). The HLC is a 

141108 Weijenberg BNW.indd   44 02-06-2021   08:43



45 

5-item questionnaire, completed by the patient’s spouse, assessing premorbid 

cognitive dysfunctioning on 5 cognitive domains. Participants who completed the 

questionnaires for psychological factors at 2 years post-stroke were selected for 

the current study. 

 

Measures 

Details and references for all measures are described elsewhere.20 

Demographic and stroke-related factors. Data regarding age, sex, education 

and marital status (single or in a relationship) were collected. The highest 

completed level of education was recorded according to the 7-point Verhage 

system, classifying the Dutch education system into 7 categories ranging from no 

primary school completed (“1”) to completion of a higher educational level (such 

as college (“6”) and university (“7”)). Stroke-related factors, such as type 

(ischaemic, haemorrhagic or unknown/other), lateralization (left, right, cerebellar, 

brainstem or unknown/other), severity (assessed by the National Institutes of 

Health Stroke Scale (NIHSS)) and discharge destination (home, or (geriatric) 

rehabilitation) were collected. ADL was measured with the Barthel Index at day 4 

post-stroke and cognitive functioning was measured with the Montreal Cognitive 

Assessment (MoCA) at 2 months post-stroke. 

Psychological factors. All questionnaires to assess psychological factors are 

reliable and valid in patients with stroke.20 Proactive coping competencies were 

assessed with the Utrecht Proactive Coping Competence scale (UPCC). The 1-

month test-retest reliability is 0.72.21 The questionnaire consists of 21 items scored 

on 4-point scale ranging from “not very competent” to “competent”. A mean score 

is calculated, ranging from 1 to 4, with a higher score indicating a higher level of 

proactive coping competencies.  

Self-efficacy was assessed with the General Self-Efficacy Scale (GSES). The 

7-week test-retest reliability is 0.72.22 The scale consists of 10 items scored on a 

4-point scale ranging from ‘not at all true’ to ‘exactly true’. A sum score is 

calculated, ranging from 10 to 40, with a higher score indicating a higher level of 

self-efficacy. 

Extraversion and neuroticism were assessed with 2 subscales of the 

Eysenck Personality Questionnaire Revised Short Scale (EPQ-SS). Both scales 

3
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consist of 12 items with a dichotomous (yes/no) response option. The 6-month 

test-retest reliability is 0.85 for optimism and 0.70 for neuroticism.23 A sum score 

is calculated, ranging from 0 to 12, with a higher score indicating a higher level of 

extraversion or neuroticism, respectively. 

Optimism and pessimism were assessed with the Life Orientation Test 

Revised (LOT-R). The 4-month test-retest reliability is 0.68.24 It consists of 10 

items, with 3 items measuring optimism, 3 items measuring pessimism and 4 filler 

items. The items are scored on a 5-point scale ranging from “strongly disagree” to 

“strongly agree”. A score is calculated per subscale, ranging from 0 to 12, with a 

higher score indicating a higher level of optimism or pessimism, respectively. 

Passive coping was assessed with the passive reaction pattern subscale of 

the Utrecht Coping List (UCL). The 6-week test-retest reliability is 0.84 for the 

passive reaction pattern subscale.25 The questionnaire consists of 7 items scored 

on a 4-point scale ranging from “seldom” to “very often”. A sum score is 

calculated, ranging from 7 to 28, with a higher score indicating a higher level of 

passive coping. 

 

Statistical analyses 

Preparatory analyses. All data analyses were performed using SPSS 

Statistics 24.0 for Windows (IBM Corp., Armonk, NY, USA). Missing data were 

inspected and imputed with the average value within the corresponding subscale 

if at least 80% of the participant’s data of the specific questionnaire was available. 

For the GSES, the criterion suggested by the manual of at least 70% non-missing 

data was used. Data were inspected for normality and outliers. In case of non-

normality (skewness or kurtosis value <-1 or >+1), data were transformed. 

Skewness to the right was resolved with a logarithmic transformation. A quadratic 

transformation was executed to resolve skewness to the left. All analyses were 

performed using an alpha level of 0.05. 

Baseline differences. Group differences on baseline characteristics between 

the included and excluded participants were analysed using Pearson 2 tests for 

nominal variables including all available levels, independent t-tests (T) for 

normally distributed continuous variables, and non-parametric tests (Mann-

Whitney U test) for continuous variables in case of non-normality. 
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Changes over time. To reveal changes over time, paired samples t-tests 

were performed. For further inspection, changes over time were categorized into 

3 categories: “worse”, “equal” and “better”. Hereby, we used a change of 0.5 SD 

as pragmatic indicator of change of the psychological variable score over time as 

suggested by Norman et al.26. For the variables proactive coping, self-efficacy, 

extraversion and optimism, an increase of more than 0.5 SD over time was 

considered an adaptive change (“better”) (see Introduction). For the variables 

passive coping, neuroticism and pessimism an increase of more than 0.5 SD over 

time was considered a maladaptive change (“worse”) (see Introduction). A change 

of less than 0.5 SD over time was considered as no change over time (“equal”). 

Effect sizes were calculated using Glass’s delta.27 

Correlation and factor analyses. To explore associations among the 

psychological variables, Pearson correlations were calculated and interpreted as 

suggested by Evans28 (  0.19 very weak; 0.20-0.39 weak; 0.40-0.59 moderate; 

0.60-0.79 strong;  0.80 very strong). To explore dimensions among the 

psychological variables, exploratory factor analysis (EFA) (including the extraction 

methods principal axis factoring and maximum likelihood estimation) was 

performed using data from participants who completed all questionnaires at both 

time points (n=282). Factor extraction was based on multiple criteria as suggested 

by Osborne and Costello29. The K1 criterion (eigenvalue  1.0), the Scree plot, small 

residual correlations ([-0.1; 0.1]) and a non-significant goodness-of-fit test (based 

on maximum likelihood estimation) were used as 4 indicators for extraction. If the 

criteria suggested multiple solutions for factor extraction, e.g. a 1-factor structure 

on the basis of the Scree plot and a 2-factor structure on the basis of the K1 

criterion, all suggestions of factor extraction were executed and the best solution, 

indicated by smaller residual correlations and a non-significant goodness-of-fit 

test, was chosen. Only factor loadings greater than 0.30 were displayed. Because 

we expected the factors to be correlated, Oblimin rotation was preferred over 

Varimax rotation. 
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Results 

Sample 

Of the 395 participants in the Restore4Stroke cohort, 324 (82.0%) provided data 

on psychological factors at 2 years post-stroke and were included in the current 

study. Furthermore, depending on the psychological factor, imputation was 

performed for 0.0-9.6% of participants. Baseline characteristics of both the 

included group (N=324) and excluded group (n=71) and significant differences 

between them are shown in Table 1. The participants in the included group were 

significantly younger, less often highly educated and more often involved in a 

relationship in comparison with the excluded group. Regarding stroke-related 

factors, the included group had a significantly higher level of cognitive functioning 

2 months post-stroke and a significantly higher level of independence in ADL 4 

days post-stroke in comparison with the excluded group. 
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Table 1. Patients’ characteristics at baseline 

 

Included 
group 
(n = 324) 

Excluded 
group 
(n = 71)

Test 
statistic 

2/T/U 
p-
value 

Demographic factors    

Male, %  64.8 64.8 0.00 1.00

Age, years, mean (SD) 65.9 (12.1) 70.4 (14.0) 2.79 < 0.01 

Marital status: in a relationship, % 71.3 56.3 6.05 0.01

Higher educational level, % 25.4a 32.8b 19.68 < 0.01 

Stroke-related factors    

Ischaemic, % 92.3 97.2 2.23 0.33 

Left hemisphere, %  39.0a 45.1 8.05 0.09 

Severity of stroke (NIHSS), mean (SD) 2.7 (3.2) 3.3 (3.3) 9,975.00 0.08 

    No stroke symptoms (NIHSS 0), % 24.4 21.1   

    Minor stroke symptoms (NIHSS 1–4), % 57.1 50.7   

    Moderate stroke symptoms (NIHSS 5–12), % 16.4 25.4   

    Moderate to severe stroke symptoms (NIHSS 13), % 2.1 2.8   

ADL 4 days post-stroke (BI), mean (SD) 17.0 (4.8) 16.1 (4.9) 9,575.50 0.02 

Cognitive functioning 2 months post-stroke (MoCA) 23.8 (3.7)c 21.9 (5.4)d 5,072.50 < 0.05

Cognitively impaired (MoCA 25), % 66.3 75.6   

Destination after discharge from hospital   4.52 0.10

    Home, % 72.2 62.0   

    (Geriatric) rehabilitation, % 27.8 38.0   

Notes. an = 323,bn = 61,cn = 306,dn = 41. T: independent t-test; U: Mann-Withney U test; NIHSS: 
National Institutes of Health Stroke Scale; ADL: activities of daily living; BI: Barthel Index; MoCA: 
Montreal Cognitive Assessment; SD: standard deviation. 
 

Change of psychological factors over time 

Table 2 provides the results of the temporal stability analysis of psychological 

factors. All psychological factors except passive coping showed significant 

changes over time. At 2 years post-stroke, participants reported less proactive 

coping, lower self-efficacy, less extraversion, less optimism, more neuroticism and 

more pessimism in comparison with 2 months post-stroke. The largest effect sizes 

were found for optimism (Glass’s =-0.58) and proactive coping (Glass’s =-0.42). 

Furthermore, looking at changes over time (“worse”, “equal”, “better”), 28.6 - 

46.8% participants showed changes in a negative direction and 10.7 – 22.7% 

improved across all psychological factors. 
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Associations among psychological factors 

For all psychological factors moderate or strong correlations were found between 

scores at 2 months and 2 years post-stroke, ranging between 0.42 and 0.64 (Table 

2). In Table 3 correlations among the various psychological factors within each time-

point are reported. 

At 2 months post-stroke, all psychological factors correlated significantly 

with each other except for extraversion with neuroticism. The correlations ranged 

between very weak to strong. The highest correlation was found between proactive 

coping and self-efficacy (r = 0.62). 

At 2 years post-stroke, all psychological factors correlated significantly with 

each other. The correlations ranged between weak and strong. The highest 

correlation was again found between proactive coping and self-efficacy (r = 0.71). 

Overall, correlations at 2 years were somewhat stronger compared with 2 months. 

 

Table 2. Temporal stability of psychological factors 

Psychological 
factors 

Score 
range n 

2 months 
post-
stroke  
Mean 
(SD) 

2 years 
post-
stroke 
Mean 
(SD) t 

Effect 
size 

Changes over time 0.5 SDa 

%worse %equal %better Correlationsb 

Proactive 
coping 

[1–4] 301 3.1 (0.5) 2.9 (0.7) 6.83** –0.42 46.8 33.6 19.6 0.55** 

Self-efficacy [10–40] 301 31.5 (6.4) 30.8 (6.4) 2.20*c –0.11 28.6 51.5 19.9 0.52**c 

Extraversion [0–12] 305 7.2 (3.2) 6.3 (3.3) 5.64** –0.28 34.1 51.1 14.8 0.64** 

Optimism [0–12] 298 8.2 (2.1) 6.9 (2.1) 9.33** –0.58 41.6 47.7 10.7 0.42** 

Passive 
coping [7–28] 304 10.5 (2.8) 10.9 (3.2) –0.87c 0.12 28.9 48.4 22.7 0.61**c 

Neuroticism [0–12] 305 3.6 (3.1) 4.4 (3.5) –5.12** 0.27 34.8 47.5 17.7 0.64** 

Pessimism [0–12] 294 4.4 (2.8) 4.9 (2.3) –3.38** 0.19 35.0 43.2 21.8 0.49** 

Notes. *p < 0.05, **p < 0.01.a% worse, % equal and % better refer to categories of 0.5 SD change of 
the psychological variable score over time. bCorrelations between 2 months post-stroke and 2 years 
post-stroke. cBased on transformed data. 
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Table 3. Correlations of psychological measures at 2 months post-stroke (below the diagonal) and 
at 2 years post-stroke (above the diagonal) 

Psychological factors 1 2a 3a 4 5 6 7 

1. Proactive coping – 0.71** 0.50** 0.47** –0.54** –0.46** –0.30**

2. Self-efficacya 0.62** – 0.45** 0.46** –0.56** –0.47** –0.34** 

3. Extraversion 0.27** 0.27** – 0.43** –0.40** –0.28** –0.29** 

4. Optimism 0.41** 0.44** 0.21** – –0.56** –0.53** –0.37** 

5. Passive copinga –0.46** –0.39** –0.19** –0.41** – 0.68** 0.34** 

6. Neuroticism –0.40** –0.31** –0.09 –0.39** 0.59** – 0.38** 

7. Pessimism –0.15** –0.24** –0.14* –0.28** 0.26** 0.26** – 

Notes. *p < 0.05, **p < 0.01. Correlation coefficient is Pearson’s correlation. aAt 2 months post-
stroke based on transformed data due to non-normality. 

 

Dimensions among psychological factors 

The correlations among the psychological variables at both time-points were best 

described by the extraction of 2 factors using principal axis factoring as EFA 

extraction method (Table 4). After factor extraction and oblimin rotation, the 

factor correlation was 0.58 and -0.70 at 2 months post-stroke and 2 years post-

stroke respectively. The pattern matrices of both time points, consisting of the 

factor loadings after oblimin rotation, are shown in Table 5. For interpretation 

purposes, factor loadings on factor 1 at 2 months post-stroke were inverted. 

At 2 months post-stroke, factors 1 and 2 are labelled as “maladaptive 

psychological factor” and “adaptive psychological factor”, respectively. Passive 

coping and neuroticism had positive loadings on the maladaptive factor, whereas 

optimism had a negative loading on this factor. Proactive coping, self-efficacy, 

extraversion and optimism had positive loadings on the adaptive factor. 

Pessimism did not load on any factor. The explained variance of the 2 factors 

together was 43.6%. 

At 2 years post-stroke, factors 1 and 2 are labelled as “adaptive 

psychological factor” and “maladaptive psychological factor” respectively. 

Proactive coping, self-efficacy and extraversion had positive loadings on the 

adaptive factor. Passive coping, neuroticism and pessimism had positive loadings 

on the maladaptive factor. Furthermore, optimism had a negative loading on this 

factor. The explained variance of the 2 factors together was 54.8%. 
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Table 4. Exploration of factor structures at 2 months post-stroke and 2 years post-stroke 
Criterion for factor extraction 2 months post-stroke 2 years post-stroke 

N of extracted factors 1 2 1 2 
Eigenvalues 

K1 criterion  
(eigenvalues  1.0) 

3.03 1.02 3.76 0.86 

Scree plot     
Residual correlations 

Small [-0.1; 0.1] [-0.06;0.14] [-0.07;0.09] [-0.07;0.14] [-0.04;0.06] 

p value, goodness-of-fit test 
Non-significant 0.00 0.08 0.00 0.10 

Notes. Bold indicates that the criterion is met. 
 
Table 5. Factor loadings based on exploratory factor analysis after Oblimin rotation 

2 months post-stroke 2 years post-strokea 

Factor 1 
“Maladaptive 
PF”b 

Factor 2 
”Adaptive 
PF” 

Factor 1 
”Adaptive 
PF” 

Factor 2 
”Maladaptive 
PF” 

Proactive coping   0.61 0.85  

Self-efficacyc  0.81 0.77  

Extraversion  0.37 0.58  

Optimism –0.36 0.33  –0.51 

Passive copingc 0.72   0.68

Neuroticism 0.86   0.97 

Pessimism    0.35 

Eigenvalues 3.03 1.02 3.76 0.86

Explained variance, % 43.55 54.84 

Factor correlation –0.58 –0.70 

Notes. Factor loadings < 0.3 are suppressed. aForced 2-factor analysis. bFactor correlation and 
loadings are inverted for interpretation purposes. cBased at 2 months post-stroke on transformed 
data due to non-normality. PF: psychological factor. 

 

Discussion 

This study found that scores on measures of psychological factors changed during 

the first 2 years post-stroke. The psychological factors were moderately to 

strongly correlated with each other and over time and clustered at both time 

points into 2 factors: an “adaptive psychological factor” (proactive coping, self-

efficacy, extraversion) and a “maladaptive psychological factor” (passive coping 

and neuroticism). Scores on all adaptive psychological factors decreased over 

time, whereas scores on maladaptive psychological factors increased or remained 

stable (passive coping) over time. The added value of our study is that we 

evaluated the temporal stability of multiple psychological factors simultaneously in 

a large cohort of patients with stroke using a longitudinal design. 
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 To the best of our knowledge, the finding of a negative temporal impact 

across all psychological factors post-stroke has not been demonstrated previously. 

As mentioned in the introduction, previous research on temporal stability of 

psychological factors in stroke and other populations showed inconsistent results 

across and within psychological factors, possibly due to the use of different 

measures, time-points and designs. 

Strikingly, even though the sample consisted mainly of patients with a mild 

stroke overall changes in a negative direction were found. In comparing our 

results with previous findings regarding temporal stability of psychological factors 

in healthy populations, we found different patterns of changes over time. Most 

studies assessing psychological factors in healthy adults showed temporal stability 
9-14, whereas our data showed temporal changes in a negative direction across all 

psychological factors. This suggests that the occurrence of a stroke could be a 

possible cause of the observed negative changes over time. 

The occurrence of stroke results in negative changes regarding emotional, 

cognitive and energy resources which could provide an explanation for the 

observed negative change of psychological factors over time. After a stroke, many 

patients suffer from depression30, cognitive complaints31, and disabling fatigue32, 

increasing their burden and calling on their reserves of resilience. The observed 

negative changes in psychological factors could be concomitant with these 

negative emotional, cognitive and energy changes. In fact, it was shown that 

neuroticism is concomitant with depressive symptoms33 and that cognitive 

complaints in patients with traumatic brain injury (TBI) are associated with the use 

of maladaptive coping styles7. In our sample, 66% were considered to be 

cognitively impaired (MoCa score  25) at 2 months post-stroke. Furthermore, Wu 

et al.32 proposed a biopsychosocial model including psychological factors as an 

explanation for fatigue after stroke. Taken together, stroke is associated with 

negative changes in emotional, cognitive or energy resources. These 

consequences of stroke may form an explanation for the negative changes 

observed in psychological factors. 

Although the occurrence of stroke provides a possible explanation for the 

significant differences over time on all measures except for passive coping, it 

remains unclear whether damage to the brain (i.e. the stroke) or the fact that a 

3
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stroke is a negative life event (such as a cardiac event) or the chronic character 

(as in other diseases such as diabetes) or their combination may induce changes in 

psychological factors. From earlier studies we know that patients with acquired 

brain injury make more use of passive reactions and less use of problem-

solving coping styles than the general population7, which may be related to the 

damage to the brain. From studies on survivors of a cardiac arrest we know that 

the impact of the event plays an important role in the quality of life in the long 

term34; therefore distress may also influence psychological functioning. A study on 

chronic diseases35 also found changes over time in extraversion and neuroticism 

after the onset of chronic diseases, such as heart disease, respiratory disease and 

stroke. Future studies are needed to relate the observed negative changes to 

stroke, brain damage, a negative life event, chronic character of the disease or 

their combination. 

Furthermore, one could argue whether these changes comply with the 

minimal clinically relevant change of these measures and therefore represent 

clinically relevant changes and/or changes due to measurement error. Because 

this information is not available, we chose 0.5 SD as pragmatic indicator of 

change, as suggested by Norman et al.26. Future research should provide the 

minimal clinically relevant change per measure to investigate whether the 

changes observed in this study represent clinically relevant changes. Even if the 

observed changes do not reflect clinically relevant changes and thus suggest 

temporal stability, our findings imply, at the very least, that the psychological 

factors investigated do not improve naturally to a more beneficial level and, 

consequently, do not foster improved outcomes in terms of participation and 

quality of life. 

To examine whether psychological factors can be modified by treatment 

programmes, systematic reviews and meta-analyses provide some evidence for 

the ability to change depression, anxiety, self-efficacy and coping by means of 

psychological therapy, to possibly improve the outcomes of patients with stroke in 

terms of quality of life and participation.36-40 Given these positive findings related 

to the modifiability of some psychological factors, treatment could be aimed at 

enhancing adaptive psychological factors and limiting maladaptive psychological 

factors in order to improve participation and quality of life of patients with stroke. 
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However, to provide more insight for the development of such focused and 

personalized treatment, future research should reveal which patients are at risk of 

the negative changes over time regarding psychological factors. 

Another implication is related to the occurrence of 2 clusters, namely an 

“adaptive psychological factor” (proactive coping, self-efficacy, extraversion) and 

a “maladaptive psychological factor” (passive coping and neuroticism). This could 

suggest the use of a single measure of adaptive psychological factors and a single 

measure of maladaptive psychological factors for subsequent studies. However, 

more research is needed to replicate these findings and provide direction for the 

selection or development of such measures. Also it should be noted that at 2 

months post-stroke, pessimism did not load on the extracted factors, whereas 

optimism loaded on both factors. At 2 years post-stroke, pessimism did load on 

the adaptive psychological factor, but optimism, although inverted, also loaded on 

this maladaptive factor and not, as expected, on the adaptive factor. 

While interpreting the results of our study, the following limitations should 

be taken into account. First, the homogeneous sample could limit the 

generalizability of our results to the entire stroke population or to other patient 

populations. Most patients in our study had a minor ischaemic stroke. An 

explanation for this homogeneity is that mild stroke comprises the largest group 

of stroke patients and patients with a severe ischaemic stroke or a haemorrhagic 

stroke are less often present, are less often referred to general hospitals, have 

greater difficulty understanding the questionnaires or study instructions and are 

less able to provide informed consent within the first week.4 Future research could 

investigate the temporal stability of psychological factors in patients with a more 

severe or haemorrhagic stroke. Furthermore, it would be interesting to examine 

whether, in other patient populations with mild brain injuries, such as mild TBI, or 

in other chronic diseases with a sudden onset, the same negative effect of time is 

seen to reveal whether these changes are specific for a mild brain injury (stroke or 

mild TBI) or related to a more general cause such as the onset of a disabling 

chronic disease or occurrence of other significant (health-related) life events. 

Secondly, psychological factors were measured at 2 time-points, 22 months apart. 

To provide evidence for the existence of linear or non-linear time effects and to 

reveal time-related changes within this time period psychological factors should 
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ideally be assessed at more time points. Thirdly, time-dependent relationships 

with regard to depression, anxiety and other psychological factors such as locus of 

control, sense of coherence and resilience were not considered in this study. This 

limits any conclusion regarding these other psychological factors or the existence 

of a mediating role which might be played by a more general negative emotional 

state.33 

 Despite these limitations, we found, in a large prospective longitudinal 

multicentre cohort study across 7 different psychological factors in patients with 

stroke, changes toward less favourable scores which may be associated with 

worse outcome, such as participation and quality of life. Clinicians should attend 

to adaptive psychological factors (e.g. proactive coping, self-efficacy, 

extraversion) and maladaptive psychological factors (e.g. passive coping and 

neuroticism) during long-term care. 
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Abstract 

Background. A minority of patients with mild traumatic brain injury (mTBI) 

experience a persistent symptom complex also known as post-concussion 

syndrome. Explanations for this syndrome are still lacking.  

Objective. To investigate if the fear-avoidance model, including catastrophizing 

thoughts and fear-avoidance behaviour, poses a possible biopsychosocial 

explanation for lingering symptoms and delay in recovery after traumatic brain 

injury (TBI) with special focus on mTBI.  

Design. Cross sectional study.  

Participants. 48 patients with TBI, of which 31 patients with mTBI, had persistent 

symptoms (mean time since injury 48.2 months); 92% of the entire sample fulfilled 

the criteria for post-concussion syndrome. 

Outcome variables. Catastrophizing, fear-avoidance, depression and post-

concussion symptoms. 

Results. High levels of catastrophizing were found in 10% and high levels of fear-

avoidance behaviour were found in 35%. Catastrophizing, fear-avoidance 

behaviour, depressive symptoms and post-concussion symptoms correlated 

significantly with each other (p < 0.05).  

Conclusion. The fear-avoidance model proposes a possible explanation for 

persistent symptoms. Validation and normative data are needed for suitable 

measures of catastrophizing and fear-avoidance of post-concussion symptoms 

after TBI. Longitudinal prospective cohort studies are needed to establish its 

causal and explanatory nature. 

 

Keywords: catastrophizing, chronic phase, fear-avoidance behaviour, persistent 

symptoms, post concussional syndrome, traumatic brain injury 
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Introduction 

Traumatic brain injury (TBI) poses a major global health issue with its high 

prevalence and subsequently high costs in western society.1 The annual costs due 

to traumatic brain injury are estimated around €33 billion in Europe.2 

Approximately 80-90% of TBIs are considered to be mild.3 The vast majority of 

patients with mild traumatic brain injury (mTBI) across different populations (e.g. 

civilian, military or sports) show a rapid recovery within the first months and do 

not report any symptoms at three months post injury.4 A minority of the patient 

group reports persistent symptoms and experience long term interfering 

consequences of their mTBI, also known as post-concussion syndrome. The exact 

size of this minority remains debatable, with reported percentages ranging 

between 15 and 47% due to methodological variations across studies and 

inconsistencies regarding its definition.5-7 Finding a possible explanation for the 

persistence of symptoms has been of interest to many researchers in the last 

three decades, but no uniform explanation has been found.8, 9  

New and recent advances in brain imaging techniques reveal brain tissue 

damage in mTBI, mostly vascular microstructural damage, that could not be 

visualized before.10 However, these parameters or other biological explanations do 

not predict the persistence of symptoms or occurrence of post-concussion 

syndrome.11 Although its name suggests that this symptom complex is specifically 

seen after concussion, post-concussion syndrome seems not specifically related to 

mTBI.6, 12, 13 The nature and extent of this symptom complex is similar in other 

patient populations such as those with chronic pain syndromes14 or following 

traumas not involving the brain (e.g. after orthopaedic injuries)6, 13. Moreover, 

healthy controls report post-concussion like symptoms such as cognitive 

problems, fatigue and headache. When removing the criterion of a history of 

mTBI, a comparable prevalence of post-concussion syndrome can be found in 

healthy controls.15, 16 These findings suggest that post-concussion syndrome is not 

brain injury specific; therefore psychological models should also be considered in 

explaining the development and nature of the post-concussion syndrome. 

Regarding psychological causes, the most consistent finding has been that 

pre-injury mental health status predicts post-concussion syndrome.9 Furthermore, 

early post-injury stress and anxiety levels after mTBI are also indicated as 

4
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predictors of post-concussion syndrome.9, 17 A multi modal explanation including 

both biological and psychosocial factors has also been suggested, but appears to 

explain not more than 40% variance of clinically relevant long term outcomes, 

such as post-concussion syndrome.9 Despite many efforts, an unequivocal 

explanation as to why this minority of patients experiences persistent symptoms 

indicative of post-concussion syndrome is still lacking. Silverberg et al.9 have 

suggested an integrated biopsychosocial approach for future studies on the basis 

of their systematic review of prognostic models.  

A possible biopsychosocial explanation may be found in the fear-avoidance 

model. This model is well-validated in patients with several bodily distress 

syndromes including chronic pain18, tinnitus19, 20, cancer survivors21, chronic 

fatigue22, fibromyalgia22 and fatigue in multiple sclerosis23, 24. Furthermore, it 

provides the theoretical underpinnings of effective treatment options in these 

patient groups, such as graded exposure therapy25 or newer generations of 

cognitive behavioural therapy (CBT) such as mindfulness based CBT23.  

Applying this model to post-concussion syndrome, patients with mTBI may 

(mis)interpret information regarding the damage to their brain and its immediate 

consequences in a catastrophic way, which results in increasing anxiety and 

avoidance behaviour over time. According to the fear-avoidance model, 

symptoms are wrongly interpreted as a sign of serious injury or disease over 

which one experiences little or no control. It is proposed that such 

misinterpretation of symptoms typically leads to a disproportional fear of 

symptoms and injury that develops over time into a disabling fear of experiencing 

symptoms such that people will avoid those activities that are presumed to 

worsen their problem.26 Although avoidance behaviour may be adaptive in the 

acute phase, it can contribute to disuse, disability and depression which 

paradoxically worsen the symptoms in later stages.27 In sum, this model suggests 

that it is not necessarily the severity of the injury, but rather a disease process of 

extended catastrophic thinking about the initial symptoms and fear-avoidance 

behaviour initiated by a biological injury that will explain in a time dependent 

manner the persistence of symptoms and the level of disability. 

The fear-avoidance model has been postulated as a possible explanation 

for persistent symptoms in mTBI already over two decades ago by Kay et al.28. 
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They proposed the combination of two fear-avoidance cycles - one regarding the 

pain (i.e. headache) experience as previously validated in patients with pain and 

one regarding the cognitive symptoms. According to the cognitive fear-avoidance 

cycle, the cognitive symptoms are erroneously interpreted as a sign of pathology 

over which one has little or no control. Such catastrophizing could extend to fear 

and avoidance of mental activities, also known as cogniphobia23,24, which 

subsequently decreases activity levels and may result in disuse, disability and 

depression. This could then increase the amount of cognitive failures, concluding 

its cyclic pattern, as suggested by Todd et al.29 and Martelli et al.30. 

This combined pain/cognition-related fear-avoidance model has not been 

tested empirically, although it is consistent with the current literature in several 

ways. Dean et al.13 stated that headache and cognitive complaints are the most 

specific symptoms of the post-concussion symptoms following mTBI. The 

combined fear-avoidance model targets these symptoms specifically. In support of 

this, Khoury et al.31 and Broomhall et al.5 found respectively that catastrophizing 

about pain and fear-avoidance symptoms was significantly greater in patients 

with TBI in comparison to healthy or trauma controls. Moreover, multiple studies 

have shown that the fear-avoidance model explained the pain experience of 

patients with whiplash disorders.32, 33 Furthermore, Schmidt34 showed higher levels 

of fear-avoidance regarding mental work in adults with chronic work-related 

stress compared to actively working employees. Despite these findings, to our 

knowledge the fear-avoidance model has never been empirically examined as a 

possible explanation for post-concussion syndrome in patients with mTBI. 

Therefore this study examined the prevalence of catastrophizing thoughts 

and fear-avoidance behaviour in patients with persistent symptoms after TBI. In 

order to investigate whether the fear-avoidance model provides a possible 

explanation for post-concussion syndrome, the relationships between post-

concussion symptoms, catastrophizing thoughts and fear-avoidance beliefs after 

TBI were examined. Separate analyses were performed on a subgroup of patients 

with mTBI because a biopsychosocial approach is proposed to be of special 

importance in explaining persistent symptoms after mTBI.9, 12 

 

 

4
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Methods 

Participants 

Participants were recruited at the Zuyderland Medical Centre, Sittard-Geleen, the 

Netherlands. Inclusion criteria were incidence of TBI and fluent in Dutch. TBI was 

defined according to WHO criteria as an acute brain injury resulting from external 

mechanical force to the head.35 Patients with TBI who had received 

multidisciplinary treatment at the rehabilitation centre Zuyderland, Sittard-Geleen 

(NL) in the period 2009 till 2012 were asked to participate. If they were willing to 

participate, they were sent an information letter, an informed consent form and 

questionnaires in 2013. In the period 2013 - 2016 patients with TBI who were 

receiving a multidisciplinary neuropsychological rehabilitation treatment for 

persistent symptoms were approached by their treating neuropsychologist for 

inclusion. These patients received the questionnaires as part of regular care and 

were asked for their permission to use this data for research purposes. Depending 

on the complaints, patients were referred by their rehabilitation physician to one 

or more of the following disciplines; physiotherapy, social work, medical 

psychology or occupational therapy. Recruitment into the study was carried out at 

least 3 months after the injury to ensure presence of persistent symptoms. 

 

Compliance with ethical standards 

All procedures were approved by and in accordance with the ethical standard of 

the medical ethics committee of Zuyderland Medical Centre, the Medical Review 

Ethics Committee of Maastricht University and the 1964 Helsinki declaration and 

its later amendments. Informed consent was obtained from all participants 

included in the study. Patients did not receive any financial compensation for their 

participation. 

 

Measures 

Basic demographic information. Personal characteristics including age, 

gender, level of education and current and premorbid employment status were 

retrieved from the hospital database. The level of education was based on the 

highest completed level of education and divided according to the 7 point Verhage 

classification.36 Medical data such as time since injury, cause of injury, severity of 
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injury, presence of abnormal findings on available CT and/or MRI scans, total 

duration of multidisciplinary treatment received and presence of cognitive 

disorders when a neuropsychological assessment was available, were also 

retrieved from the hospital database. Causes of injury were categorized into 

‘traffic accidents’, ‘sport’, ‘violence’ and ‘falls’. Severity of TBI was classified as 

’mild’ or ‘moderate to severe’ and based on criteria developed by the WHO 

collaboration centre task force on mTBI. These stated that mTBI is identified by at 

least one of the following characteristics: a Glasgow Coma Scale (GCS) score of 13 

to 15, a maximum duration of post-traumatic amnesia of 24 hours and a loss of 

consciousness up to 30 minutes.37 These variables were extracted from the 

hospital database. If none of these variables were available, the severity rating 

based on clinical judgement of the treating neurologist or rehabilitation physician 

was used. 

Catastrophizing. Catastrophizing about post-concussion symptoms was 

assessed with the Post-Concussion Symptoms Catastrophizing Scale (PCS-CS), 

which is an adaptation of the Dutch translation of the Pain Catastrophizing Scale 

(PCS).38, 39 The PCS has adequate psychometric properties40 and is validated in 

acute and chronic whiplash disorders41-43 and used in patients with mTBI by Khoury 

et al.31. It consists of 13 items measuring the self-reported frequency of 

catastrophizing thoughts about the experienced pain with a 5 point Likert scale. 

The PCS was adapted by replacing the word ‘pain’ with common post-concussion 

symptoms in all items: ‘headaches, dizziness, fatigue, memory and concentration 

problems’. The score ranges from 0 and 52, with higher scores indicating a higher 

intensity of catastrophizing. A score of 30 or higher can be used for identifying a 

high level of catastrophizing thoughts based on patients with pain and represents 

the 75th percentile according to the manual.39 According to Severeijns et al.44 this 

score represents a Z-score of at least 1.5 in several pain populations within a 

community setting. A score of 23 or higher corresponds to the 50th percentile and 

has also been used in the literature to indicate an above average level of 

catastrophizing.45 To our knowledge, no cut-off scores for patients with TBI 

specifically are available. Internal consistency of the PCS-CS was excellent in this 

sample (Cronbach’s alpha = 0.94). 

4
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Fear-avoidance. Concussion-related fear-avoidance behaviour was 

assessed with an adapted version of the valid and reliable Dutch version of Tampa 

Scale for Kinesiophobia (TSK)46, 47, called the Fear of Mental Activity scale (FMA). 

The TSK was adapted by replacing the word ‘pain’ with common post-concussion 

symptoms in all items: ‘headaches, dizziness, fatigue, memory and concentration 

problems’. Additionally, items were adjusted to make them suitable for mTBI, e.g. 

‘My head tells me there is something dangerously wrong’, instead of ‘My body tells 

me there is something dangerously wrong’. It consists of 17 items and the score 

ranges from 17 to 68 with a score higher than 37 indicating an above average and 

according to the manual a high level of fear-avoidance behaviour in patients with 

pain.48, 49 Using a more conservative cut-off equivalent to the 75th percentile, a 

score higher than 48 indicates a high level of fear-avoidance behaviour.50 To our 

knowledge, no cut-off scores for patients with TBI specifically are available. 

Internal consistency of the FMA was good in this sample (Cronbach’s alpha = 

0.80).  

Depressive symptoms. Depressive symptoms were assessed with the 

subscale depression of the Dutch version of the Hospital Anxiety and Depression 

Scale (HADS).51 It is a valid and reliable measure for screening depression in 

patients with TBI.52 The score ranges from 0 to 21 with a higher score indicating a 

higher intensity of depressive symptoms. Whelan-Goodinson et al.52 showed that a 

score of 8 or higher is an indication for depression in patients with TBI, which is in 

line with findings of a large review in the general population of Crawford et al.53.  

Post-concussion symptoms. Post-concussion symptoms were assessed with 

the Dutch version of the Rivermead Post-Concussion Symptoms Questionnaire 

(RPQ) developed by King et al.54. The RPQ is commonly used to assess the severity 

of symptoms after mild or moderate TBI.55 It consists of 16 items assessing 

severity of symptoms in the last 24 hours in comparison to premorbid levels. It is a 

valid and reliable measure in TBI.55 The total score ranges from 0 to 64. Report of 

three or more remaining symptoms, indicated by an item score of two or higher, 

was used as criterion for post-concussion syndrome. The same criterion has been 

used in previous research.56-60 
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Statistical analyses 

Data analyses were performed using SPSS Statistics 22.0 for Windows (IBM Corp., 

Armonk, NY). If  25% of the items of the questionnaires were missing, the mean 

of the remaining non-missing items of the scale were imputed. If more than 25% 

of the items were missing, no imputation took place and the total score was 

included as missing value in subsequent analyses. Sample characteristics are 

described by descriptive statistics. No outcome variable was significantly skewed 

nor were there any significant outliers (the confidence interval of skewness and 

kurtosis included zero). Pearson’s 2 tests or independent sample t tests were 

performed to analyse differences for all patient characteristics and within the RPQ 

between the two severity groups; ‘mild’ and ‘moderate to severe’. Pearson 

correlation coefficients were calculated to show relationships between the 

variables constituting the fear-avoidance model; PCS-CS score, HADS score, FMA 

score and RPQ total score. These correlations were compared between the two 

severity groups: ‘mild’ and ‘moderate to severe’ after Fisher’s Z transformation. 

For all statistical tests an alpha level of 0.05 was used. 

 

Results 

Patient sample 

A total of 93 Dutch-speaking patients with TBI were approached and 48 patients 

were willing to participate (52%). Our sample included 23 men and 25 women with 

a mean age of 45.5 years (SD = 15.6, range 16 - 78). In most cases TBI was caused 

by traffic accidents (45.8%). The sample consisted of 31 mTBI cases and 17 

moderate to severe TBI cases. The mean time since injury was 48.2 months (SD = 

60.9, range 2 - 373) and the patients received on average a total of 7.4 months 

multidisciplinary treatment for persistent symptoms. One patient with mTBI was 

assessed in the third month after his/her injury. All other patients were assessed 

after at least 3 months. Regarding work status, the percentage of participants 

working more than 24 hours/week before their TBI decreased from 59.4 to 24.3 at 

the moment of inclusion. See Table 1 for patient characteristics of the entire 

sample and the mTBI cases. Sample size deviations are the result of missing data 

in the hospital database. Except for gender, there were no significant differences 

found between the two severity groups on patient characteristics. The mTBI group 

4
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had significantly more women than the more severe TBI group (  = 5.42; p < 

0.02). 

 

Table 1. Patient characteristics 
TBI (n = 48) mTBI (n = 31) Moderate to severe 

TBI (n = 17) 
Variables n Value Data 

range 
n Value Data 

range 
N Value Data 

range 
Gender, % male  47.9  35.5  70.9*  
Age in years, mean (SD)  45.5 

(15.6) 
[16-78] 46.3 

(14.1) 
[16-78]  44.2 [20-76] 

Education level, mean 
(SD) 

46 5.4 
(1.0) 

[3-7] 30 5.5 
(0.9) 

[4-7] 16 5.1 
(1.0) 

[3-7] 

Premorbid work status 37   28  9   
% > 24h paid work  59.4  67.9  33.3  
%  24h paid work  10.8  10.7  11.1  
% no paid work  29.7  21.4  55.6  

Current work status 37   28  9   
% > 24h paid work  24.3  28.6  11.1  
%  24 paid work  32.4  32.2  33.3  
% no paid work  43.2  39.3  55.6  

Time since injury in 
months, median (IQR) 

 34.0 
(53) 

[2-373] 30.0 
(45) 

[2-126]  52.0 
(56) 

[4-373] 

Cause of injury        
Traffic accidents, %  45.8  45.2  47.2  
Sport, %  14.7  16.2  11.8  
Violence, %  10.4  6.5  17.6  
Falls, %  29.2  32.3  23.5  

Cognitive disorders % yes 31 80.6  17 76.5 14 85.7  
Duration multidisciplinary 
treatment in months, 
mean (SD) or median 
(IQR) in case of skewness 

 5.0 
(10) 

[0-32] 5.0 
(9) 

[0-32]  8.5 
(8.2) 

[0-26] 

Notes. IQR Interquartile Range. The mTBI group forms a subgroup of the TBI group. The TBI 
group consists of 48 patients, of which 31 are considered mild. If applicable, sample size 
deviations due to missing data are mentioned separately. Significant differences between ‘mild’ 
and ‘moderate to severe’ TBI group are marked. * p < 0.05. 

 

Frequency of post-concussion syndrome, depression, catastrophizing and 

fear-avoidance behaviour  

Table 2 shows the prevalence of post-concussion symptoms in the entire sample 

and in mTBI cases specifically. Significant differences between the ‘mild’ and 

‘moderate to severe’ group are also indicated. On the items where significant 

differences were found, the proportion of patients who were experiencing the 

symptom was higher in the mild group compared to the more severely injured 

group. Independent of severity, cognitive problems 

(memory/concentration/mental slowness) and fatigue were part of the most 

reported symptoms. Respectively 85.4% of the entire sample and 93.5% of the 
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mTBI sample reported fatigue. Frequencies of cognitive problems varied for the 

entire and mTBI sample in the range of 81.3% - 91.7% and 87.1% – 93.5% 

respectively. Table 3 shows the scores on the PCS-CS, FMA, RPQ and HADS. The 

mean of the RPQ was 30.6. A total of 92% of the patients fulfilled the criterion of 

post-concussion syndrome (having three or more post-concussion symptoms). 

The mean HADS score was 6.5. A total of 42% reported depressive symptoms at a 

clinical significant level. Furthermore, the mean PCS-CS score was 16.0. Using 23 

as cut-off, 29% of the entire sample reported above average levels of 

catastrophizing. Using the more conservative cut-off of 30 as suggested by the 

scoring manual, 10% of the entire sample reported heightened levels of 

catastrophizing. The mean FMA score was 35.5. Using 37 as cut-off as suggested 

by the scoring manual, 35% of the entire sample reported above average levels of 

catastrophizing or fear-avoidance behaviour. Using the more conservative 

criterion of 48 as cut-off, 4% of the entire sample reported heightened levels of 

fear-avoidance behaviour. The frequencies of heightened levels of catastrophizing 

and fear-avoidance behaviour in the mTBI subsample, using the cut-off scores 

suggested by the scoring manuals, are shown in Table 3 (%I). 

 

Table 2. Prevalence of post-concussion symptoms (%) 

Post-concussion symptom (RPQ) 
TBI  
(n = 48) 

mTBI  
(n = 31) 

Moderate to severe TBI  
(n = 17) 

Headaches 64.6 77.4 41.2* 

Dizziness 58.3 61.3 52.9 
Nausea 25.0 38.7 0.0** 
Increased sensitivity to noise 70.8 80.65 52.9* 
Sleep disturbances 54.2 54.8 52.9 
Fatigue 85.42 93.51,2,3 70.64,5*
Irritability 77.15 77.4 76.52,3 

Feeling depressed/teary-eyed 62.5 64.5 58.8 
Feeling impatient or frustrated 75.0 74.2 76.52,3 

Forgetfulness 83.33 93.51,2,3 64.7* 
Reduced ability to concentrate 91.71 93.51,2,3 88.21

Slowing of thought processes 81.34 87.14 70.64,5 

Blurred vision 29.2 29.0 29.4 
Increased sensitivity to light 39.6 51.6 17.6* 
Double vision 18.8 19.4 17.6 
Feeling agitated/restless 58.3 61.3 52.9 
Notes. RPQ Rivermead Post-Concussion Symptoms questionnaire. Top 5 ranking of most 
reported symptoms is provided in superscript. Significant differences in proportion between 
patients with ‘mild’ and ‘moderate to severe’ TBI are marked. * p < 0.05, ** p < 0.01. 

 

4

141108 Weijenberg BNW.indd   71 02-06-2021   08:44



  Ta
bl

e 
3.

 C
or

re
la

tio
ns

 a
m

on
g 

an
d 

de
sc

rip
tiv

e 
st

at
is

tic
s 

of
 a

ll 
m

ea
su

re
s 

 Va
ria

bl
es

 
TB

I (
n 

= 
48

) 
 

m
TB

I (
n 

= 
31

) 
 

TB
I (

n 
=

 4
8)

 
 

m
TB

I (
n 

=
 3

1)
 

 M
 (

SD
) 

D
at

a 
ra

ng
e  

 %
I 

 M
 (

SD
) 

 D
at

a 
ra

ng
e  

 %
I 

 R
PQ

 
 PC

S-
CS

 
FM

A
 

 H
A

D
S 

 R
PQ

 
PC

S-
SC

 

 FM
A

 
H

A
D

S 

Po
st

-c
on

cu
ss

io
n 

sy
m

pt
om

s 
(R

PQ
) 

30
.5

8 
(1

4.
69

) 
0

-6
0

 
92

 
 

33
.3

2 
(1

5.
16

) 
0

-6
0

 
90

 
 

- 
0

.6
3*

* 
0

.5
4*

* 
0

.6
3*

* 
 

- 
0

.6
9*

* 
0

.5
9*

* 
0

.6
5*

* 

Ca
ta

st
ro

ph
iz

in
g 

(P
CS

-C
S)

 
15

.9
6 

(1
1.

82
) 

0
-4

4 
10

 
17

.3
9 

(1
2.

82
) 

0
-4

4 
16

 
 

- 
- 

0
.3

4*
 

0
.6

3*
* 

 
- 

- 
0

.3
7*

 
0

.6
3*

* 

Fe
ar

-a
vo

id
an

ce
 (

FM
A

) 
35

.4
6 

(8
.8

7)
 

18
-6

1
35

 
 

34
.1

3 
(8

.0
5)

 
18

-6
1 

29
 

 
- 

- 
- 

0
.4

5*
* 

 
- 

- 
- 

0
.4

4*
* 

D
ep

re
ss

io
n 

(H
A

D
S-

D
) 

6.
45

 
(4

.2
9)

0
-1

7 
42

 
 

6.
90

 
(4

.3
8)

 
0

-1
7 

45
 

 
- 

- 
- 

- 
 

- 
- 

- 
- 

N
ot

es
. R

PQ
 R

iv
er

m
ea

d 
Po

st
-C

on
cu

ss
io

n 
Sy

m
pt

om
s 

qu
es

tio
nn

ai
re

, P
CS

-C
S 

Po
st

-C
on

cu
ss

io
n 

Sy
m

pt
om

s 
Ca

ta
st

ro
ph

iz
in

g 
Sc

al
e,

 F
M

A 
Fe

ar
 o

f 
M

en
ta

l 
A

ct
iv

iti
es

 s
ca

le
, H

AD
S-

D
 d

ep
re

ss
io

n 
su

bs
ca

le
 o

f 
th

e 
H

os
pi

ta
l A

nx
ie

ty
 a

nd
 D

ep
re

ss
io

n 
Sc

al
e,

 %
I P

er
ce

nt
ag

e 
of

 p
ar

tic
ip

an
ts

 w
ith

 a
n 

im
pa

irm
en

t 
as

 
de

fin
ed

 b
y 

cu
t-

of
f 

sc
or

es
 a

cc
or

di
ng

 t
he

 s
co

rin
g 

m
an

ua
l (

se
e 

m
et

ho
d 

se
ct

io
n)

. *
 p

 <
 0

.0
5,

 *
* 

p 
<

 0
.0

1.
 

141108 Weijenberg BNW.indd   72 02-06-2021   08:44



73 

Relationships between the variables in the FA model 

All measures were significantly correlated with each other (p < 0.05). The 

strongest association was seen between post-concussion symptoms and 

catastrophizing about these symptoms (r = 0.63 in the entire sample and r = 0.69 

in the mTBI sample). See Figure 1 and 2 for a graphical presentation of the fear-

avoidance model in the entire sample and mTBI subsample respectively. As can 

been seen in Table 3, the correlations between post-concussion symptoms versus 

depression and catastrophizing are slightly higher in the mTBI subsample than in 

the entire sample. However, no significant differences were found between the 

‘mild’ and ‘moderate to severe’ TBI group (p > 0.05). 

 

Figure 1. Fear-avoidance model in patients with TBI (n = 48) 

 
Notes. Values shown are Pearson correlations and based on cross-sectional data. 
 * p < 0.05, ** p < 0.01. 
 

Figure 2. Fear-avoidance model in patients with mTBI, a sub-group (n = 31) 

 
Notes. Values shown are Pearson correlations and based on cross-sectional data. ** p < 0.01. 
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Discussion 

This study investigated in a group of TBI out-patients whether the fear-avoidance 

model is able to explain persistent symptoms in patients with TBI. It was 

hypothesized that this model would be of special importance for mTBI due to its 

integrative biopsychosocial nature whereas unimodal biological and/or 

psychological explanations lack the explanatory value needed for this ‘miserable 

minority’61.  

The results showed low levels of catastrophizing and fear-avoidance 

behaviour regarding post-concussion symptoms in comparison to pain experiences 

in several bodily distress syndromes, such as chronic pain and fibromyalgia.39, 45, 47, 

50 Despite these low levels, all correlations suggested by the fear-avoidance model 

regarding post-concussion symptom experience were significant. The correlations 

between post-concussion symptoms versus catastrophizing and depression were 

slightly higher in the mTBI subgroup. These findings provide a preliminary 

indication that the fear-avoidance model has explanatory value in accounting for 

persistency of symptoms.  

Despite the promising significant correlations within the fear-avoidance 

model, the levels of catastrophizing and fear-avoidance were relatively low. This 

discrepancy could suggest that the cut-off values used to classify patients with 

TBI as ‘high catastrophizing’ or ‘highly fear-avoidant’ in this study lacked 

sensitivity due to the scale adaptations made for this study. The PCS-CS was 

adapted by replacing the word ‘pain’ with ‘headaches, dizziness, fatigue, memory 

and concentration problems’. Although unlikely given the high frequency of 

symptom reports, these post-concussion symptoms may not represent the 

symptom complex experienced by the patient resulting in lower levels reported. 

Another more plausible explanation could be that the question format, whereby 

multiple symptoms were included in a single item, makes it difficult to understand 

and interpret the question. The FMA was adapted in two different ways. We have 

changed the experienced symptom of pain into post-concussion symptoms. 

Furthermore, we asked about fear-avoidance behaviour regarding ‘cogniphobia’ in 

contrast to its original construct ‘kinesiophobia’. These changes may have 

influenced levels of reporting and the use of the cut-off validated with the original 

measures in different populations may therefore have limited validity in our 
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sample. Furthermore, our sample already received on average more than 7 

months of neuropsychological rehabilitation treatment, which may have lowered 

their levels of catastrophizing or fear-avoidance. Moreover, lower frequency 

reports could also be the result of applicability of the fear-avoidance model to 

only a subgroup of clinically relevant size of the miserable minority and aiding 

individual tailored care.  

To our knowledge, this is the first study of catastrophizing and fear-

avoidance behaviour with regard to post-concussion symptoms, which makes it 

impossible to compare levels of catastrophizing or fear-avoidance behaviour with 

other studies. Some studies, including other patient populations or non-patient 

populations, have found confirmatory results for the fear-avoidance model or its 

components with regard to pain and kinesiophobia or cogniphobia.5, 31, 34, 62, 63 Other 

patient studies have looked at catastrophizing about pain in mTBI31, 62, the 

presence of a symptom of fear-avoidance in mTBI5 and the levels of 

catastrophizing and fear-avoidance with regard to pain and kinesiophobia in 

patients with whiplash disorders33, 64. In non-patient populations the level of fear-

avoidance regarding chronic stress symptoms and cogniphobia34 and the level of 

catastrophizing and fear-avoidance regarding headache and cogniphobia have 

been studied63. 

Another finding that may seem remarkable is that the prevalence of post-

concussion symptoms is equal or higher in the mTBI group compared to the 

moderate to severe TBI group. Previous studies have reported mixed findings 

regarding the number of complaints and injury severity. Some studies found 

similar results demonstrating equal or higher levels of complaints in patients with 

mTBI compared to patients with moderate to severe TBI on the one hand.65, 66 On 

the other hand, van der Horn et al.67 found increasing symptom reporting with 

increasing brain injury severity. Belanger et al.65 mentioned that their group 

differences disappeared when controlling for post-traumatic stress complaints. 

These inconsistent results show that a biological explanation on its own, such as 

injury severity, is not sufficiently able to explain persistence of symptoms11 and 

highlight the need for a biopsychosocial explanation9, such as the currently 

investigated fear-avoidance model. 

4
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Our findings have to be interpreted with caution as this was a cross-

sectional exploratory study with a relatively small sample size and a 

heterogeneous cohort. We have included one patient who was assessed in the 

third month after the injury. However, on average participants were assessed 48.2 

months after their injury. Because we were interested in whether the fear-

avoidance model would apply to patients with post-concussion syndrome 

specifically, the current sample, which consisted almost entirely of patients with 

post-concussion syndrome, was highly suitable for evaluating this specific 

research question. A selection bias and inclusion of a heterogeneous group of 

participants in different stages of their recovery or disease process should also be 

taken into account. A large longitudinal cohort study is needed to establish the 

evolution of catastrophizing thoughts and fear-avoidance behaviour and their 

time dependent role regarding post-concussion syndrome. 

Despite these considerations and the exploratory nature of this study, the 

results do provide preliminary evidence that the fear-avoidance model may have 

added value in explaining persistency of symptoms, especially after mTBI. 

Prospective longitudinal studies are needed to confirm this preliminary evidence. 

Furthermore, to assess catastrophizing thoughts and fear-avoidance behaviour 

with the existing questionnaires in the mTBI patient population, we suggest a 

validation study for these measurements with a simplified administration which 

matches the capabilities of and symptoms experienced by the individual patient. 

Moreover, normative data is needed to establish correct cut-off scores for 

catastrophizing thoughts and fear-avoidance behaviour regarding post-concussion 

symptoms. These future directions will unravel the relevance of the 

biopsychosocial fear-avoidance model in patients with mTBI. 
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Introduction. Healthy people often experience headache, cognitive failures, 

or mental fatigue. Some people even experience these symptoms on a level 

comparable to patients with mild spectrum brain injuries. In these individuals, 

the fear-avoidance model explains symptoms as a consequence of 

catastrophizing and fear-avoidance towards mental activities. This 

experimental study investigated in healthy adults whether fear-avoidance 

and catastrophizing about mental activities are related to fear-avoidance 

behavior (i.e., behavioral avoidance of mental activities) according to the 

fear-avoidance model.  

Method. A randomized crossover within-subject design was used with two 

measurements and 80 participants. Participants were exposed to three 

demanding cognitive tasks and their simplified counterparts. Post-concussion 

symptoms, catastrophizing, fear-avoidance, behavioral avoidance (time 

spent working on cognitive tasks), exposure to mental activity, depression, 

heart rate, and state-trait anxiety were assessed. 

Results. Significant correlations between the variables of the fear-avoidance 

model were found. Furthermore, catastrophizers spent less time on difficult 

tasks compared to easy tasks. Both catastrophizing and female sex predicted 

time spent on difficult tasks, whereas only female sex predicted time spent 

on easy tasks. 

Conclusions. This study found that, according to the fear-avoidance model, 

catastrophizing is related to behavioral avoidance of cognitively challenging 

tasks in a community sample. 

 

Keywords: post-concussion like symptoms, fear-avoidance model, 

catastrophizing, brain injury, experiment. 
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Introduction 

Healthy adults often report cognitive, emotional, somatic, and behavioral 

complaints such as headaches, memory problems, depressed mood, apathy, and 

fatigue.1-3 They are not diagnosed with any physical or mental disease and 

therefore are considered “healthy”. However, the symptoms they report can reach 

a degree comparable to patients recovering from mild traumatic brain injury 

(mTBI) or concussion.4, 5 Dean et al.5 named this symptom complex in healthy 

adults “post-concussion like symptoms”, which shows similarities with cogniform 

disorder (a subtype of somatoform disorders).6 Several studies have shown the 

incidence of post-concussion like symptoms in the general population.7, 8 These 

symptoms are influenced by cultural and sex differences.9, 10 

Looking at an explanation for post-concussion symptoms in mTBI, prior 

researchers have stated that biological (e.g. injury-related characteristics such as 

injury severity) or psychosocial causes (e.g. personal characteristics such as 

history of psychological treatment) seem to be important, but fail to explain this 

symptom persistence on their own, and thus have suggested an integrated 

biopsychosocial approach for future studies.11-15 Moreover, one of the most 

consistent findings has been that pre-injury mental health and early post-injury 

anxiety are important predictors of persistent post-concussion symptoms.15, 16 

Therefore, we wanted to investigate a theoretical biopsychosocial model, 

combining biological and psychosocial causes and centralizing the role of anxiety, 

known as the fear-avoidance model. This model was first developed to 

understand chronic pain.17 The model has been adapted and applied to various 

complaints in different patient populations17-20, including patients who experienced 

mild injury with cognitive deficits as a consequence, such as post-concussion 

symptoms following mTBI.20, 21 Numerous studies confirmed the potential of this 

adapted model in explaining the disease process leading from early benign 

symptoms to persistent symptoms in patients with mTBI.20-24 Although this 

adapted model has not yet been tested in healthy adults, the original fear-

avoidance model (assessing pain) was tested and validated in healthy adults 

across several studies.25-27  

The fear-avoidance model explains the mismatch between high severity 

levels of symptoms and low severity of physical injury.17 This mismatch is also 

6

141108 Weijenberg BNW.indd   109 02-06-2021   08:44



110 

present in healthy adults, explaining general symptom reactions within the normal 

range. Applying the model to post-concussion like symptoms specifically, the 

original model is adapted by changing chronic pain resulting in fear of physical 

activities (kinesiophobia) to post-concussion like symptoms resulting in fear of 

mental activities (cogniphobia). According to the adapted fear-avoidance model, 

post-concussion like symptoms are explained by a negative cycle of 

catastrophizing about symptoms, which leads to cogniphobia (i.e., fear of mental 

activities), which in turn leads to behavioral avoidance of cognitively demanding 

tasks (i.e., disuse) or depressive symptoms (see Figure 1). Previous research has 

shown that the adapted fear-avoidance model is relevant for explaining persistent 

post-concussion symptoms after TBI.20, 21 Unfortunately, the potential and 

mechanism of the adapted fear-avoidance model in a non-clinical sample remain 

unknown. 

 

Figure 1. The fear-avoidance model applied to post-concussion like symptoms. 

 

 

 

 

 

 

 

 

 

For this reason, an experimental study was conducted to investigate in 

healthy adults whether fear-avoidance and catastrophizing about mental activities 

are related to fear-avoidance behavior (i.e., behavioral avoidance of mental 

activities) according to the fear-avoidance model. The study aimed to relate fear-

avoidance behavior in healthy participants to their fear-avoidance and 

catastrophizing thoughts. This experiment was based on the experimental 

paradigm and results of Vlaeyen et al.28. In the current study, participants were 

presented with cognitively challenging tasks to evoke fear-avoidance behavior. 

Participants were able to choose the duration of time spent working on these 
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tasks. Thus, a manipulating variable was introduced (cognitively challenging tasks) 

in order to evoke features of “psychopathology” (fear-avoidance behavior) in 

healthy subjects, as is done in experimental psychopathology.29, 30 This can 

contribute to the formation of theories explaining disease processes, in this 

instance the fear-avoidance model. 

The following hypotheses were tested: 

1) We predicted that catastrophizing would be positively associated with 

post-concussion like symptoms and fear-avoidance, whereas disuse and 

depression would be positively associated with fear-avoidance and post-

concussion like symptoms. This hypothesis would be supported by significant 

correlations consistent with the fear-avoidance model (see Figure 1). This 

hypothesis was not tested with the experimental manipulation, but was tested as 

a necessary first step to verify the interrelationships between variables of the 

fear-avoidance model in this population. 

2) It was hypothesized that participants with higher levels of fear-

avoidance and catastrophizing thoughts (2a) show fear-avoidance behavior (i.e. 

behavioral avoidance) when performing a cognitively challenging task (i.e., spend 

less time on the task), (2b) perform worse on this task, and would be more (2c) 

anxious and (2d) stressed during the task compared to participants with low levels 

of fear-avoidance and catastrophizing thoughts. Furthermore, it was predicted 

that these differences would not be seen on a task which was less cognitively 

challenging. This hypothesis was tested with the experimental manipulation. 

3) It was expected that participant’s level of catastrophizing and fear-

avoidance, measured before experimental manipulation, would predict (3a) the 

time they spend on a cognitively challenging task and (3b) the performance on 

this task while controlling for sex, education, and age. This hypothesis was tested 

with the experimental manipulation. 

The results of this experiment will show whether fear-avoidance and 

catastrophizing thoughts about cognitive tasks are related to post-concussion like 

symptoms in healthy adults (first hypothesis). Furthermore, it will give insight into 

the relationship between fear-avoidance and catastrophizing thoughts about 

mental activities and behavioral avoidance (second and third hypotheses). 

 

6
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Materials and methods 

Participants 

Participants were recruited between March 2017 and August 2018 by researchers 

of Maastricht University. Participants were recruited through personal invitation (if 

they provided permission to be approached for new studies of Maastricht 

University) or response to an advertisement. The study was advertised through (1) 

an online research database available for students, (2) a local community app, and 

(3) flyers spread across the university and public places such as the hospital and 

supermarkets. Individuals were eligible for the study if they (1) were between 18 

and 64 years of age; (2) spoke Dutch fluently; and (3) finished pre-university 

education, higher vocational education or academic education. Exclusion criteria 

were (1) history of any neurological disorder (including traumatic brain injury), (2) 

history of or current psychological and psychopharmacological treatment for 

depression or anxiety, (3) use of recreational drugs in the week before and during 

the study, and (4) unwillingness to sign informed consent. Inclusion and exclusion 

criteria were checked before the first and second measurements by means of self-

report. 

 

Measures 

Behavioral measures. In this experiment, there were two conditions: a 

difficult and an easy condition, in each of which the participants had to 

complete three computerized tasks. As a measure of behavioral avoidance, 

participants could choose the time spent on each task. During all tasks, a red 

stop button was shown which the participants could click on to end the task. 

The tasks used in the difficult condition were three validated cognitive tasks 

used to increase the mental load of the participants. The first task was the Paced 

Auditory Serial Addition Task—Computerized (PASAT).31 During this task, 

participants heard numbers, ranging from one to nine with two-second intervals. 

They were instructed to add the current number to the previous number. The 

participants received visual feedback on whether their answer was correct or not. 

The second task was the Distress Tolerance Test (DTT).32 For this task the 64 

stimulus cards of the Wisconsin Card Sorting Test (WCST) were used (i.e., four key 

cards and one deck card).33 The standard instructions of the WCST were 

141108 Weijenberg BNW.indd   112 02-06-2021   08:44



113 

presented, indicating that the participants must match the deck card with the key 

cards. They were not told how the cards were supposed to match. Regardless of 

the participants’ response, the feedback was “correct” for the first three cards and 

“incorrect” for the next seven. The feedback on the 11th card was “correct”, 

hereafter the remaining cards were rated ‘incorrect’. During the third task, 

participants had to solve various anagrams, originally used by Vrijsen et al.34. 

Participants were allowed to make notes (if preferred) and received visual 

feedback. These anagrams were difficult or even unsolvable. 

During the easy condition, simplified versions of the tasks in the difficult 

condition were used. An easier version of the PASAT was used by prolonging the 

interval between two consecutive numbers by 3.5 seconds. The regular version of 

the WCST was used instead of the DTT. During the anagram task, participants 

again had to solve anagrams; however, now the anagrams were easier and 

always solvable. These anagrams all consisted of five letters. 

Psychophysiological measure. Heart rate was measured during the 

cognitive tasks using Brain Vision Software (Brain Vision Software, Munich, 

Germany). Heart rate was recorded using a standard 3-lead 

electrocardiogram. Electrodes were placed below the left and right collarbone 

and below the left lower rib. Heart rate levels were calculated by averaging 

interbeat intervals by detecting the R spikes.35 These values were converted 

to average beats per minute per condition. This was done using Matlab (The 

MathWorks, Natick, Massachusetts). Higher beats per minute indicate higher 

physiological arousal. 

Self-report measures. The Rivermead Post-Concussion Symptoms 

Questionnaire (RPQ) measures the severity of somatic, cognitive, and 

emotional symptoms following traumatic brain injury.36 The questionnaire 

consists of 16 items rated on a five-point Likert scale. Total scores range 

from 0 to 64 with higher scores indicating a higher frequency and severity. 

Three or more symptoms, indicated by at least three items with an item 

score of 2 or higher, were used as a criterion for a disabling symptom 

complex.21 This questionnaire was adapted for use within the healthy 

population as suggested by Dean et al.5. The question format was changed 

from “Compared with before the accident, do you now (i.e., over the last 24 

6
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hours) suffer from:” to “Compared with your peers, do you now (i.e., over 

the last 24 hours) suffer from:”. In the present study, the internal consistency 

was 0.82 and the test-retest reliability 0.67. 

The Post-Concussion Catastrophizing Scale (PCS-CS) measures the level of 

catastrophizing thoughts regarding post-concussion like symptoms.21 The PCS-CS 

is adaptive to the RPQ; participants answer questions about the symptom complex 

they reported on the RPQ. If participants did not report any symptoms, the most 

common post-concussion symptoms “headache, cognitive problems and/or 

fatigue” were depicted. Participants were then asked what they think/feel when 

they experience a headache, cognitive problems, and/or fatigue. The 

questionnaire consists of 13 items rated on a five-point Likert scale. Higher scores 

indicate higher levels of catastrophizing and ranges between 0 and 51. In a healthy 

population, the cutoff score for the PCS-CS is 8 or 14, depending if the individual 

had “no history” or “history of psychological treatment” respectively (Wijenberg, 

Stapert, Rauwenhoff, Verbunt, & Van Heugten, unpublished results). The PCS-CS 

is an adaptation of a validated and reliable measure from the pain literature, the 

Pain Catastrophizing Scale.37 In the present study, the internal consistency was 

0.87 and the test-retest reliability 0.65. 

The Fear of Mental Activities Scale (FMA) measures the level of fear-

avoidance regarding post-concussion like symptoms and cogniphobia in mTBI 

patients.21 The FMA is an adaptation of a validated and reliable measure from the 

pain literature, the Tampa Scale of Kinesiophobia (TSK).38 The FMA, like the PCS-

CS, is adaptive to the RPQ. The participants were required to rate each question 

on a four-point Likert scale. It is a 17-item questionnaire with higher scores 

indicating greater fear of mental activity. The scoring of four items (items 4, 8, 12, 

and 16) is reversed. The total score ranges between 17 and 68. According to its 

validation study, the four inversed items need to be removed post-hoc, resulting 

in a cutoff score of 15 for a heightened level of fear-avoidance in a healthy 

population (Wijenberg, Stapert, Rauwenhoff, Verbunt, & Van Heugten, 

unpublished results). The removal of the four reversed items is in line with the 

original validation of the TSK in the pain literature, stating that the four reversed 

items have been criticized as unreliable and too difficult.25, 39, 40 In this study, after 
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removing the four inversed items, internal consistency was 0.78 and test-retest 

reliability 0.71. 

The State-Trait Anxiety Inventory (STAI)41 consists of two self-report scales 

measuring state and trait anxiety. Both subscales consist of 20 items which must 

be scored on a four-point Likert scale. Both scales have a maximum possible 

range of 20 to 80 with higher scores indicating greater anxiety. The Dutch version 

of the STAI and the subscales have good validity and reliability.42 Similar to prior 

studies43, the STAI state was filled in before and after the difficult or easy tasks. A 

differential score was calculated, with a higher score indicating increased anxiety 

compared to before the tasks. 

The Beck Depression Inventory-II revised (BDI)44, 45 is a 21-item 

questionnaire, which measures the level of depressive symptoms. The items are 

rated on a four-point Likert scale, with higher scores representing more severe 

depressive symptoms. The maximum possible range of the BDI is 0 to 63. The BDI 

has been demonstrated to have good psychometric properties in a variety of 

samples including healthy subjects.46 

Regarding personal characteristics, participants were asked to fill in their 

age, sex, education (highest obtained educational degree), and number of hours 

spent on mental activity per day. Number of hours spent on mental activity per 

day was used as a measure for exposure to mental work, as healthy participants 

could not be asked to compare their current activity level to before injury. In this 

study, exposure to mental work represents the inverse of “disuse” indicated by 

number of hours spent on mental activity per day. In other words, the scores were 

reversed to represent disuse. 

 

Procedure and experimental setup  

For this research, a randomized cross-over within-subject design with two study 

arms (see Figure 2) was used. In the first study arm, participants received the 

difficult tasks on the first measurement, and the easy tasks on the second 

measurement. In the second study arm, the order of difficult tasks and easy tasks 

was switched across the two measurements. Participants were divided into the 

first or second study arm using a counterbalanced design. On the day of the 

experiment, no caffeine intake was allowed. Furthermore, the temperature and 

6
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humidity in the lab were kept constant during the experiment, since these 

conditions can affect heart rate. After completing the informed consent process, 

participants filled in their demographic characteristics, the RPQ, PCS-CS, FMA, 

STAI Trait, BDI, and the STAI State. Depending on the study arm, they were then 

asked to complete three difficult or easy tasks after a short practice period of the 

PASAT and the anagrams. Participants could choose the order to maximize its 

resemblance with solving multiple cognitive challenging problems in everyday life 

and someone’s own preference to solve these different problems in a particular 

order. Additionally, they could stop at any moment and continue with the next 

task. If participants did not terminate the task, each task stopped automatically 

after 20 minutes. At the end of the tasks, participants were asked to fill out the 

STAI state again. During the tasks, heart rate was continuously measured. For the 

second measurement, one week after the first measurement, this procedure was 

repeated with the other task condition (easy or difficult). However, the STAI trait 

and BDI were not included. When both measurements were completed 

participants received course credits (university students) or € 7.50 per hour in 

vouchers. 

The experimental setup was considered valid when the following 

assumptions were met: participants spent less time and performed less well on 

the difficult tasks compared to easy tasks; the difficult tasks induced a stress 

reaction; age, sex, and education influenced performance in the difficult task; and 

the internal consistency and test-reliability of two newly-developed 

questionnaires, assessing catastrophizing and fear-avoidance, were sufficient. 
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Figure 2. Design of the study: randomized cross-over within subject design. 

 
Notes. RPQ = Rivermead Post-Concussion Symptoms Questionnaire; PSC-CS = Post-Concussion 
Catastrophizing Scale; FMA = Fear of Mental Activities Scale; BDI = Beck Depression Inventory-II 
revised; STAI = State-Trait Anxiety Inventory; ECG = Electrocardiogram. 
 

Statistical Analyses 

All statistical analyses were performed using SPSS 24.0 for Windows (IBM Corp., 

Armonk, NY). Distributions of all variables were evaluated in terms of mean, SD, 

median, range, skewness, and kurtosis. No data imputation took place because 

there was no missing data (except for one participant who did not complete one 

questionnaire). Outliers and assumptions were checked. Outliers were identified 

according to the 3IQR rule and winsorized by the second-highest value. In case of 

non-normality (defined as skewness or kurtosis values outside the range of -1.0 to 

1.0), multiple transformations were performed (log, square-root, or inverse). If 

normalization by transformation was not possible, nonparametric statistics were 

used. An alpha level of 0.05 was used unless otherwise stated. 

To test if the condition manipulation (difficult versus easy tasks) was 

successful, differences in state anxiety (post-pre) and physiological arousal 

(average beats per minute) were compared between conditions using a paired 

sample t-test. A lower score (indicative for less induced anxiety or less arousal) 

was expected after the easy tasks compared to the difficult tasks. 

To test hypothesis 1 (the interrelationships between variables of the fear-

avoidance model in healthy adults) correlations between “symptoms”, 

“catastrophizing”, “fear-avoidance”, “depression”, and “exposure to mental 

6
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activity”, assessed during the first measurement, were examined. Correlations of 

the fear-avoidance model were computed by Pearson correlations (in case of 

normality) or Spearman correlations (in case of non-normality).  

To test hypothesis 2 (the effect of catastrophizing, fear-avoidance, and 

condition on behavioral avoidance, performance, induced anxiety, and stress) four 

three-way mixed ANOVAs were performed with time spent on tasks, 

performance, state-anxiety, and heart rate as the dependent variable, 

respectively. Time spent on the three cognitive tasks together per condition was 

calculated by the average of the standardized time spent per cognitive task. For 

all ANOVAs, high and low catastrophizers or fear-avoiders were derived from their 

respective median splits. Catastrophizing (low/high) and fear-avoidance (low/high) 

were considered between-subject factors, whereas condition (difficult/easy) was 

considered a within-subject factor. Besides normality and outliers, the 

assumptions of homogeneity of variance (assessed by Levene’s test for equality of 

variance) and sphericity (assessed by Mauchly’s test of sphericity) were checked. 

To test hypothesis 3 (predicting performance and time spent on a cognitive 

task with catastrophizing and fear-avoidance, while controlling for sex, education, 

and age) two backward multiple regression analyses were performed (separately 

for time and performance in each condition). Dummy variables were created for 

categorical variables (catastrophizer, fear-avoider, sex and, education). The 

quantitative variable (age) was centered (subtracting the median due to non-

normality) and its quadratic term was added. The least significant variable with a 

threshold of  = 0.1 was removed stepwise. In this process, dummy variables were 

treated as a block. For both the full model as the final model, assumptions of 

independence of observations (assessed by Durbin-Watson statistics), linearity 

(assessed by visual inspection), homoscedasticity of residuals (assessed by visual 

inspection), multicollinearity (assessed by the variance inflation factor and 

correlations), outliers (assessed by studentized residuals, Cook’s distance and 

centered leverage), and normality of residuals (assessed by visual inspection) 

were checked. 
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Results 

Sample characteristics 

A total of 80 adults participated in the study. All participants completed both 

conditions. One participant ended the first session prematurely and did not 

complete the STAI State following the easy tasks. Participants had a mean age of 

30.5 years (SD = 14.4) and 66.3% were female. Despite the exclusion criterion of a 

low level of education, three participants indicated a low education level as their 

highest obtained degree (3.8%). Since their scores fell within the range of the rest 

of the sample, they were not excluded from the analyses. The average number of 

hours spent on mental activities per day was 7.1 hours (SD = 3.0). Participant 

characteristics are shown in Table 1. 

 

 

Experimental manipulation check 

To check if the manipulation of induced stress as a result of task difficulty was 

successful, differences in state anxiety (post-pre) and physiological arousal 

(average beats per minute) were compared between conditions. Results show that 

participants reported a significantly higher increase in state anxiety after the 

difficult tasks compared to the easy tasks (p < .01, D = 0.69). After removal of one 

outlier, the results show that participants did not differ in heart rate for the 

difficult tasks compared to the easy tasks (p = .44). 

Hypothesis 1: The fear-avoidance model in healthy adults  

Table 2 shows the level of post-concussion like symptoms, catastrophizing, fear-

avoidance, exposure to mental activity, and depression. Next to the reliability 

indexes, the percentages of participants fulfilling the criterion of post-concussion 

Table 1. Personal characteristics (N=80). 
Characteristics Values Range 
Sex, % female (n) 66.3 (53)  
Mean age in years (SD) 30.5 (14.4) 18-64 
Education level, % (n) 

 Low (level 4 – 5) 
 Medium (level 6 – 7) 
 High (level 8) 

 
3.8 (3) 
50.0 (40) 
46.3 (37) 

3-7 

Mean hours spent on mental activities per day (SD) 7.1 (3.0) 1-13 
Notes. SD = Standard Deviation.  6
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syndrome or having a heightened level of catastrophizing, fear-avoidance, and 

depression are reported. The distributions of all variables were skewed; for 

normalization, winsorizing and/or different transformations across the variables 

were needed. Therefore, although Pearson correlation analyses revealed similar 

results, nonparametric statistics were chosen. 

Table 2. Descriptive statistics of the fear-avoidance model in healthy adults (N=80). 
Variables Mean (SD) Range %I 
Post-concussion like symptoms (RPQ) 6.21 (6.10) 0-28 33.8 
Catastrophizing (PCS-CS) 6.24 (5.63) 0-26 27.5 
Fear-avoidance (FMA) 15.90 (3.81) 13-36 45.0
Depression (BDI) 5.24 (4.56) 0-21 16.3 
Exposure to mental activity (inverse of ‘disuse’) 7.11 (3.04) 1-13 NA 
Notes. SD = Standard Deviation; %I = Percentage of participants with an impairment as defined by 
the cut-off scores (see Method section); RPQ = Rivermead Post-Concussion Symptoms 
Questionnaire; PCS-CS = Post-Concussion Symptom Catastrophizing Scale; FMA = Fear of Mental 
Activity Scale; BDI = Beck’s Depression Inventory; NA = Not applicable. 

The correlation analyses revealed that all correlations specific to the fear-

avoidance model were significant (p < .05), except for the correlations involving 

exposure to mental activity (see Figure 3). Catastrophizing was positively 

associated with post-concussion like symptoms (r = 0.31) and fear-avoidance (r = 

0.46). In contrast to exposure to mental activity, depression was positively 

associated with fear-avoidance (r = 0.31) and post-concussion like symptoms (r = 

0.57). 
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Figure 3. Spearman correlations of the fear-avoidance model. 

 
Notes. BDI = Beck Depression Inventory-II revised; RPQ = Rivermead Post-Concussion Symptoms 
Questionnaire; PSC-CS = Post-Concussion Catastrophizing Scale; FMA = Fear of Mental Activities 
Scale. 

 

Hypothesis 2a: The effect of catastrophizing and fear-avoidance on 

behavioral avoidance  

A three-way mixed ANOVA was run to understand the effects of catastrophizing 

and fear-avoidance on behavioral avoidance (as measured by time spent on 

cognitive tasks). Time scores were not normally distributed per cell and required 

square-root transformations. There were no outliers and assumptions of 

homogeneity of variance and sphericity were met.  

There were no significant three-way or two-way interactions (p > .05), but 

a significant within-subjects effect of condition (F = 7.68; p < .01; partial 2 = .09) 

and a significant between-subjects effect of catastrophizing (F = 4.90; p = .03; 

partial 2 = .06) was found. Post-hoc analyses revealed that participants spent 

more time on easy tasks and that catastrophizers stopped sooner with the difficult 

tasks.  

 

Hypothesis 2b: The effect of catastrophizing and fear-avoidance on task 

performance 

A three-way mixed ANOVA was run to understand the effects of catastrophizing 

and fear-avoidance on task performance (measured as percentage correct on the 

6

141108 Weijenberg BNW.indd   121 02-06-2021   08:44



122 

PASAT). Performance scores were not normally distributed and a logarithmic 

transformation was needed in the easy condition. There was one outlier in the 

easy condition and therefore winsorized. Assumptions of homogeneity of variance 

and sphericity were met.  

There were no significant three-way or two-way interactions (p > .05), but 

a significant within-subjects effect of condition (F = 546.49; p < .01; partial 2 = 

.88) was found. Post-hoc analyses revealed that participants performed better on 

the easy tasks compared to the difficult tasks.  

 

Hypothesis 2c: The effect of catastrophizing and fear-avoidance on self-

report anxiety 

A three-way mixed ANOVA was run to understand the effects of catastrophizing 

and fear-avoidance on state anxiety (difference score of anxiety before and after 

the tasks). Anxiety scores were not normally distributed; therefore, a log 

transformation was performed. There was one outlier in the easy condition and 

one in the difficult condition. These outliers were winsorized. The assumptions of 

homogeneity of variance and sphericity were met. 

There were no significant three-way or two-way interactions (p > .05), but 

there was a significant within-subjects effect of condition (F = 31.33; p < .01; 

partial 2 = .30). Post-hoc analyses revealed that participants had increased state 

anxiety following the difficult tasks compared to the easy tasks. 

 

Hypothesis 2d: The effect of catastrophizing and fear-avoidance on heart 

rate 

A three-way mixed ANOVA was run to understand the effects of catastrophizing 

and fear-avoidance on heart rate (measured as average beats per minute per 

condition). Heart rate was normally distributed in both conditions. There were no 

outliers and the assumptions of homogeneity of variance and sphericity were met.  

There were no significant three-way interactions, two-way interactions, or 

main effects (p > .05). 

 

Hypothesis 3a: The prediction of behavioral avoidance 

A backward multiple regression was run to understand whether personal 
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characteristics (e.g., age, sex, education, or heightened level of catastrophizing or 

fear-avoidance) could predict behavioral avoidance (measured as time spent on 

cognitive tasks). Assumptions of multicollinearity were not met and led to the 

removal of the quadratic term of age. For all cases with a low education level 

(score 4 or 5, N = 3), leverage values surpassed the threshold of .2 and were 

removed. 

In the difficult task, the final model revealed that female sex and a 

heightened level of catastrophizing significantly predicted behavioral avoidance 

(F(2,74) = 6.10, p < .01), accounting for 14.1% of the variation in behavioral 

avoidance. The prediction equation was “average standardized time spent on 

difficult tasks = .07 + -.17*Catastrophizing (-1=low catastrophizing; 1=high 

catastrophizing) + -.23*Sex (-1=male; 1=female)”, meaning that if you are a 

catastrophizer or female, you spent less time on the difficult task. 

In the easy task, time spent on the cognitive task was normalized after log 

transformation. The final model revealed that sex significantly predicted 

behavioral avoidance (F(1,75) = 4.018, p < .05), accounting for 5.1% of the 

variance in behavioral avoidance. The prediction equation was “natural logarithm 

of average standardized time spent on easy tasks = .08 + -.09*Sex (-1=male; 

1=female)”, meaning that if you are a female, you spent less time on the easy 

task. 

 

Hypothesis 3b: The prediction of task performance 

A backward multiple regression was run to understand whether personal 

characteristics (e.g., age, sex, education, or having a heightened level of 

catastrophizing or fear-avoidance) could predict task performance on the PASAT. 

Assumptions of multicollinearity were not met and led to the removal of the 

quadratic term of age. For cases with a low education level (score 4 or 5, N = 3), 

leverage values surpassed the threshold of .2 and were removed. 

In contrast to the easy task where no significant predictors were found, the 

final model of the difficult task revealed that age, sex, and education level 

significantly predicted task performance (F(4,72) = 5.497, p < .01), accounting for 

19.1% of the variance in task performance. The prediction equation was 

“percentage correct on difficult PASAT = 56.33 + -.52*Age (Age-23) + -5.16*Sex (-
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1=male; 1=female) + 15.83*Education (1= higher vocational education; 0=other)”, 

meaning that if you are older or female or did not complete higher vocational 

education, you score lower on the difficult task. 

 

Discussion 

To investigate whether fear-avoidance and catastrophizing about mental activities 

are related to behavioral avoidance in a healthy population, an experimental study 

was conducted with 80 healthy adults engaging in cognitively challenging tasks. 

Participants were exposed to cognitive tasks and could choose the exposure time 

to these tasks as a proxy for behavioral avoidance.  

Vlaeyen et al.28 experimentally tested the fear-avoidance model by letting 

people with lower back pain lift heavy bags. The current experiment was an 

adaptation to this experimental paradigm to fit the fear-avoidance model 

assessing post-concussion like symptoms and cogniphobia.  

Although only tested post-hoc, the manipulation of the experiment was 

successful. That is, participants spent more time and performed better on the easy 

tasks; difficult tasks induced more anxiety compared to the easy tasks; age, sex, 

and education predicted performance in the difficult task; and internal 

consistencies and test-retest reliabilities ranged from sufficient to good. 

In line with the fear-avoidance model and results of Vlaeyen (1995), the 

correlations specific to the fear-avoidance model were significant, meaning that 

the levels of post-concussion like symptoms, fear-avoidance, catastrophizing, and 

depression were significantly correlated. Furthermore, participants who reported 

higher levels of catastrophizing chose shorter exposure time to difficult tasks, 

suggestive of behavioral avoidance. Furthermore, we found that higher levels of 

catastrophizing predicted time spent on the difficult tasks. Additionally, female sex 

also predicted behavioral avoidance regardless of difficulty, in line with the 

established link between catastrophizing and female sex.47 

Despite these promising results, several findings were not in line with our 

hypotheses. No significant correlations were found between “exposure to mental 

activity” and “fear-avoidance” or “post-concussion like symptoms”. Furthermore, 

fear-avoidance was not related to time spent on the tasks, performance on a task, 

induced anxiety, and heart rate. Comparison with previous research is limited due 
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to a lack of prior studies investigating the role of disuse concerning cogniphobia or 

post-concussion symptoms. However, multiple chronic pain studies found similar 

results, including significant correlations with depression and catastrophizing and 

not with disuse and fear-avoidance. The non-significant results could also be due 

to a lack of validity of the measures used for disuse and fear-avoidance.48-50 The 

inverse of disuse was measured by means of one non-validated question (i.e., 

“How many hours a day do you currently spend performing mental activities such 

as writing, working on the computer, reading, and participating in a meeting?”). 

The measure of fear-avoidance originated from the TSK questionnaire, which 

received some criticism, especially regarding its validity.51 Future studies are 

warranted to develop a more ecologically valid measure, such as the photograph 

series of daily activities (PHODA) scale assessing perceived harmfulness of daily 

activities.52 Furthermore, we did not find any effect on our psychophysiological 

measure (heart rate). This was also the case in the original experiment by Vlaeyen 

et al. (1995). Furthermore, factors affecting heart rate (e.g., participants’ body 

weight, medication use, exercise prior to experiment, and the weather) were not 

considered. 

Besides these unexpected findings, there are several limitations to consider. 

First, participants reported several other reasons than cogniphobia to terminate 

cognitive tasks (e.g., fatigue, boredom, lack of effort, frustration with difficult or 

non-solvable tasks). These reasons could have decreased the time spent on the 

cognitive tasks regardless of their level of catastrophizing or fear-avoidance. 

However, reasons for terminating the tasks were not retrieved systematically. 

Secondly, participants were rewarded, potentially influencing their time spent on 

the tasks, despite their level of catastrophizing or fear-avoidance. However, this 

seems unlikely as participants were informed beforehand that the experiment 

would take a fixed period (set at the maximum duration) and participants did not 

know that the experiment would terminate after their termination of the cognitive 

tasks. Thirdly, the absence of effects regarding fear-avoidance could also be 

related to the community sample in this study. Although symptom levels can be 

found on a comparable level in patient populations, it is stated that when 

hypothesized pathological processes are evoked in healthy participants a similar 

subclinical pathology originates, however to smaller extents.29 This effect might 
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have been too small to become meaningful. It is therefore important to also 

administer this experimental study in patient populations with conditions 

associated with unexpected persistent cognitive symptoms such as mTBI to assess 

its generalizability. Furthermore, taking into account the limitations of stepwise 

selection, future research is needed to cross-validate the final models. Fourthly, 

the exclusion criterion related to absence of recreational drugs within one week 

before- and during testing was checked before the start of each measurement by 

the use of self-report. Self-report may potentially influence the results through 

the inclusion of unsuitable participants. However, since this study has a within-

subject design it is unlikely that this influenced the results. Fifth, no pilot testing 

occurred to check the experimental manipulation. However, post-hoc analyses 

were performed in order to test the manipulation, which appeared to be 

successful. Finally, one could argue that the common established interrelationships 

of the fear-avoidance model across various patient and healthy populations limit 

its specificity. One of the main elements of the fear-avoidance model is the 

prominent and evident role of psychological factors. Previous research has shown 

that psychological factors such as personality, coping, and psychological 

vulnerability are important to consider in various patient populations15, 53, 54 and 

healthy adults55-57. Future studies should also evaluate other potential explanations 

or models, such as an integrative model explaining medically unexplained 

symptoms58, biopsychosocial model of overuse59, anxiety60, depression9, 61, 

somatization62, alexithymia63, or low self-efficacy64, to understand if our findings 

regarding the fear-avoidance model are of additive value compared to these 

alternative explanations. 

Despite some unexpected findings and lack of significant results concerning 

fear-avoidance, the results of this study extend our current knowledge on the 

fear-avoidance model applied to post-concussion (like) symptoms revealing its 

presence in healthy adults and highlighting the importance of catastrophizing due 

to its demonstrated relationship with behavioral avoidance. This biopsychosocial 

approach adds to our understanding why low levels of injury severity (i.e. benign 

injuries) can lead to high levels of symptom reporting which cannot be explained 

based on strictly biological models. Moreover, even in the absence of injury in a 

non-clinical sample, the normal ranges of daily complaints such as headaches are 
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related to psychosocial variables. As post-concussion like symptoms occur within 

the healthy population and likely become more severe in combination with disease 

or injury (such as mTBI), the results support further (experimental) investigation 

into the fear-avoidance model and its associated treatment in patient populations. 
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Abstract 

Previous studies convincingly suggest that the biopsychosocial fear-

avoidance model (FAM) may be of added value in understanding chronic 

disability after traumatic brain injury (TBI). In this model, persistent 

symptoms occur as a result of catastrophizing and fear-avoidance regarding 

initial symptoms, leading to depression, reduced mental activity, and greater 

disability in daily functioning. This study examined the FAM in a large English-

speaking TBI sample. A cross-sectional study was conducted in 117 

individuals with complicated mild, moderate, or severe TBI at 1-5 years post-

injury. Participants completed questionnaires assessing personal, injury-

related, and psychological characteristics. Reliability, correlational, and 

regression analyses were performed. Main outcome measures of chronic 

disability were depression, disuse (e.g., fewer mental activities), and 

functional disability. The results revealed that all correlations suggested by 

the FAM were significant. Catastrophizing thoughts were positively 

associated with TBI-related symptoms and fear-avoidance thoughts. Main 

outcome measures were positively associated with fear-avoidance thoughts 

and TBI-related symptoms. Further, variables in the FAM were of additive 

value to personal, injury-related, and psychological variables in 

understanding chronic disability after TBI. The separate regression analyses 

for depression, fewer mental activities, and disability revealed “fear-

avoidance thoughts” as the only consistent variable. In conclusion, this study 

shows the association of the FAM with chronic disability after TBI, which has 

implications for assessment and future management of the FAM in TBI in 

English-speaking countries. Longitudinal studies are warranted to further 

investigate and refine the model. 

Keywords: chronic disability; chronic phase; fear-avoidance model; traumatic 

brain injury 
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Introduction 

Traumatic brain injury (TBI) poses a major global health issue because of its high 

prevalence and significant societal costs.1 Severity of TBI is commonly categorized 

as mild, moderate, or severe depending on duration of post-traumatic amnesia 

(PTA), loss of consciousness, or Glasgow Coma Scale (GCS) score.2 TBI is 

associated with significant functional, emotional, cognitive, and behavioral 

symptoms that impact daily functioning and reduce quality of life.3 However, the 

extent and duration of these symptoms vary across individuals and their impact 

on chronic disability, such as impaired daily life functioning, is not fully explained 

by injury-related or personal variables only (e.g., injury severity parameters, time 

since injury, age, or education).4-11 Numerous studies have highlighted the 

potential contribution of psychosocial variables (e.g., personality, coping style, 

anxiety, and depression) to explain chronic disability.8-18 The contribution of all 

these variables suggests the need for a biopsychosocial approach to understand 

chronic disability after TBI. 

One potential biopsychosocial approach that may explain persistent 

symptoms is the fear-avoidance model (FAM). This model has been validated in 

various other patient populations with bodily distress syndromes including those 

with chronic pain, tinnitus, chronic fatigue, whiplash syndrome, and fibromyalgia, 

as well as in cancer survivors.19-24 These syndromes have in common that they 

start with symptoms that evolve into chronic symptomatology in only a subset of 

patients. The FAM states that individual psychological reactions to changes as a 

consequence of an injury can influence the development and course of symptoms 

and eventually the emotional adaptation to these changes.25 Applying this model 

to symptoms after TBI, the persistent symptoms (i.e., somatic, cognitive and 

emotional changes) are interpreted as a sign of severe brain pathology over which 

one experiences little or no control. Such catastrophizing thoughts tend to result in 

fear and avoidance of mental activities, also labeled as cogniphobia26, 27, and 

subsequently decrease activity levels, resulting in progressive symptoms of 

depression, reduction in mental activities (disuse), and enhanced functional 

disability (e.g., decreased ability to perform daily life activities such as work or 

social activities). This could, in turn, increase the number and magnitude of 

symptoms, concluding the cyclic pattern.26, 27 This adapted FAM is depicted in Fig. 
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1. Please note that the FAM poses “depression”/”disuse”/”disability” on the same 

level in the cycle, assuming that high levels of fear-avoidance would lead to high 

levels of depression, disuse, and disability, and that these outcomes of chronic 

disability would then fuel the symptoms concluding its cyclic pattern.  

 

Fig. 1. The fear-avoidance model applied to TBI.  

 

Notes. Schematic overview of fear-avoidance model applied to TBI, permitted by Wijenberg et 
al.28. TBI, Traumatic Brain Injury. 

 

Preliminary studies have suggested that the FAM, or fear-avoidance on its 

own, is associated with chronic disability after TBI,28, 29 especially in mild TBI where 

there can be a clear mismatch between the expected good recovery and the 

unexpected persistence of symptoms. A discrepancy that is still not understood, 

Wijenberg et al.28 conducted a small cross-sectional study in which they found the 

first evidence for the FAM in individuals with TBI of all severities (N = 48). Further, 

a prospective larger study by Silverberg et al.29 highlighted the importance of 

fear-avoidance in understanding chronic disability after mild TBI. Despite the 

promising results, these studies are limited by their use of self-report 

measurements that require validation in TBI samples, small sample size, or having 

examined only the influence of fear-avoidance rather than additional variables in 

the proposed biopsychosocial FAM (see Fig. 1). 

Therefore, this large cross-sectional study has two aims: first, to examine 

the associations among the variables of the FAM (see Fig. 1) in a large cohort of 

individuals with complicated mild to severe TBI; and, second, to investigate 
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whether elements of the FAM (TBI-related symptoms, catastrophizing thoughts, 

and fear-avoidance thoughts) would make an independent contribution to 

depression, disuse, and functional disability after TBI over and above the 

contribution of known personal, injury-related, and other psychological variables 

(e.g., pre-injury psychological treatment). Based on recent studies, it was 

hypothesized that the associations would be consistent with the FAM (see Fig. 1; 

e.g., catastrophizing thoughts will be positively associated with TBI-related 

symptoms and fear-avoidance thoughts, whereas depression, disuse, and 

functional disability will be positively associated with fear-avoidance thoughts and 

TBI-related symptoms). Further, we hypothesize that elements of the FAM (TBI-

related symptoms, catastrophizing thoughts, and fear-avoidance thoughts) would 

make an independent contribution to chronic disability after TBI in terms of mood, 

disuse, and functional disability. 

 

Methods 

Participants and procedures.  

Participants were recruited at Monash Epworth Rehabilitation Research 

Centre (MERRC), Melbourne, Australia. Inclusion criteria were: (1) diagnosis of 

complicated mild to severe TBI, established by acute hospital evaluation; (2) 

date of injury between January 1, 2014 and January 1, 2018; and (3) being 

able to complete English online questionnaires (with assistance if needed). 

Individuals were invited to participate from December 2018 to March 2019, 

ensuring that data collection took place between 1 and 5 years post-injury.  

Invitation letters were sent via e-mail or postal mail to eligible participants 

of an ongoing longitudinal cohort study30, 31, who had provided consent to be 

approached for other studies. If willing to participate, they provided informed 

consent and completed the questionnaires online (after entering their unique 

study identifier) or over the phone with author M.L.M.W.. All procedures were 

approved by and in accordance with Epworth Healthcare and Monash University 

Human Research Ethics Committee (Project ID 16792). Participants did not receive 

any financial compensation for their participation. 
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Measures 

 Basic demographic information. Personal characteristics including gender, 

age, education years, marital status, and employment status were retrieved from 

the MERRC research database following informed consent. Medical data including 

time since injury, cause of injury, multi-trauma (e.g., comorbid orthopedic 

injuries), and severity of TBI were also retrieved from the research database. 

Indices for severity of injury were the GCS score and PTA duration, measured 

prospectively using the Westmead PTA Scale32. Injury severity was based on PTA 

duration as follows: < 24 h, mild; 24 h to 1 week, moderate; > 1 week, severe.33 In 

cases of mild TBI, indications for complicated mild TBI (presence of abnormalities 

on computed tomography [CT]) were checked. Further, six yes/no-questions were 

asked at the beginning of the survey to assess pre-and post-injury neurological 

history, psychological treatment, and drug/alcohol abuse. 

 

The fear-avoidance model.  

TBI-related symptoms. Symptoms and symptom severity were assessed 

with the Rivermead Post-Concussion Symptom Questionnaire (RPQ), developed by 

King et al.34. This is a valid and reliable measure in individuals with mild to more 

severe TBI.35 It consists of 16 items, rated on a five-point Likert scale, measuring 

severity of symptoms in the past 24 hours in comparison with pre-injury levels. 

The total score ranges from 0 to 64, with a higher score indicating a higher 

frequency and impact of symptoms. The presence of three or more remaining 

symptoms, indicated by at least three items with an item score of 2 or higher, was 

used as criterion for persistent disabling symptoms.28 

Catastrophizing thoughts. Catastrophizing thoughts about TBI-related 

symptoms were assessed with the English version of the Post-Concussion 

Symptoms Catastrophizing Scale (PCS-CS).28 The PCS-CS has an excellent internal 

consistency and has been previously used in individuals with TBI.28 It consists of 13 

items, rated on a five-point Likert scale, measuring the self-reported frequency of 

catastrophizing thoughts about an individual’s self-reported symptoms on the 

RPQ. The score ranges from 0 and 52, with higher scores indicating a higher 

intensity of catastrophizing thoughts. The internal consistency of the PCS-CS in 

this study was excellent (Cronbach’s  = 0.97, n = 116).36 , 37 The questionnaire is 

141108 Weijenberg BNW.indd   140 02-06-2021   08:44



141 

available on request. Although online administration is preferred for the PCS-CS 

(e.g., enabling tailored instructions to a person’s answer on the RPQ), see 

supplementary text for an overview of the questions. 

Fear-avoidance thoughts. TBI-related fear-avoidance thoughts were 

assessed with the English version of the Fear of Mental Activity scale (FMA).28 The 

FMA has a good internal consistency and has been used in individuals with TBI 

before.28 It includes 17 items, rated on a 4-point Likert scale, measuring the self-

reported frequency of fear-avoidance thoughts related to an individual’s self-

reported symptoms on the RPQ. In line with validation studies of the chronic pain 

fear-avoidance measure that the FMA is derived from38-40, the four reversed items 

were not used in the scoring, resulting in 13 items. The score ranges from 13 to 52. 

The internal consistency of the 13-item FMA in this study was excellent 

(Cronbach’s  = 0.93, n = 113).36 , 37 The questionnaire is available on request. 

Although online administration is preferred for the FMA (e.g., enabling tailored 

instructions to a person’s answer on the RPQ), see supplementary text for an 

overview of the questions. 

Depressive symptoms. Depressive symptoms were assessed with the 

depression subscale of the Hospital Anxiety and Depression Scale (HADS).41 It is a 

valid and reliable measure in individuals with TBI.42 It consists of seven items rated 

on a four-point Likert Scale with the total score ranging from 0 to 21. A higher 

score indicates greater severity, with a score higher than 7 indicating clinically 

significant symptoms.42 

Disuse. Validated questionnaires to assess “disuse of the brain” are lacking. 

We translated disuse in the TBI-related FAM to “amount of mental activity”. 

Therefore, disuse was assessed with one question: “How many hours a day do 

you currently spend performing mental activities such as writing, working on the 

computer, reading, and participating in a meeting?”. In this study, “amount of 

mental activity” represents the inverse of “disuse” indicated by number of hours 

spent on mental activity per day. In other words, the scores were reversed to 

represent “disuse”. 

Disability. Functional disability was assessed with the self-report version of 

the Glasgow Outcome Scale – Extended (GOS-E), developed by Wilson et al.43. The 

original GOS-E, administered as an interview and developed by Jennett et al.44, 
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and the original GOS are the most widely used and accepted instruments in 

neurotrauma research for assessing outcomes after TBI.45 The postal version of 

the GOS-E is also found to be reliable to assess global outcome or disability.43 

Based on a structured scoring system, the score ranges from 1 to 8, with a higher 

score indicating a better global outcome. A score of 6 was used as indication of 

functional disability.17 

 

Statistical analysis 

Data analyses were performed using SPSS Statistics 24.0 for windows (IBM Corp., 

Armonk, NY). Missing data were not imputed and were treated as missing in all 

analyses. Distributions of all variables were evaluated in terms of mean, standard 

deviation (SD), median, range, skewness, and kurtosis. Outliers and assumptions 

were checked. In case of non-normality (skewness or kurtosis values not between 

-1 and 1), non-parametric statistics were used. Sample characteristics are 

described by descriptive statistics. Participants were compared with non-

responders on basic demographic information using Mann-Whitney U tests for 

non-normal distributed continuous variables, independent sample t tests for 

normal distributed continuous variables and Pearson 2 tests for categorical 

variables. For all statistical tests, unless stated otherwise, an  level of 0.05 was 

used. 

To test the relationships within the FAM (see Fig. 1), the correlations of the 

FAM were calculated by Spearman correlations (in case of non-normality and/or 

ordinal variables). 

To explore whether the FAM explains depression, disuse, and functional 

disability independently after controlling for known variables, the 

interrelationships of depression, disuse, and functional disability with personal, 

injury-related, psychological characteristics, and the additional FAM variables 

were examined. Personal characteristics included age, gender, education years, 

employment status, marital status, and assessment method (online/over the 

phone). Injury-related characteristics included GCS score, PTA duration, time since 

injury, cause of injury, multi-trauma, and neurological history (pre- and post-

injury). Psychological characteristics included psychological treatment (pre- and 

post-injury) and drug/alcohol abuse (pre- and post-injury). The FAM variables 
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included TBI-related symptoms, catastrophizing thoughts, and fear-avoidance 

thoughts.  

For the interval variables, depression and disuse, backward multiple 

regression analyses were performed. Dummy variables were created for 

categorical variables (gender, employment status, marital status, assessment 

method, cause of injury, multi-trauma, pre- and post-injury neurological history, 

psychological treatment, and drugs/alcohol abuse). The continuous variables (age, 

education in years, GCS score, PTA duration, time since injury, TBI-related 

symptoms, catastrophizing thoughts, fear-avoidance thoughts) were centered 

(subtracting the median in case of non-normality or the mean in case of 

normality) and their quadratic terms were added. To prevent type 2-errors, the 

least significant variable was removed stepwise with a threshold of  = 0.10. In 

this process, dummy variables were treated as a block. Outliers (using box plots, 

studentized residuals and centered leverage values) and influential cases (using 

Cook’s distance) were checked and if influential, removed as case. Collinearity and 

the homogeneity of residual variance were also checked for the full and final 

models. 

For the ordinal variable, functional disability, the GOS-E was recoded into 

two groups: “Good Recovery” and “Poor Recovery”, The outcomes “upper good” 

and “lower good” recovery were merged to create “Good Recovery”, whereas the 

outcomes “upper moderate disability” – “vegetative state” denoted “Poor 

Recovery”, resulting in a binary split used in other studies such as that of Ponsford 

et al.17. Because of the limited sample size and the skewed distribution of many 

independent variables, binomial hierarchical logistical regression analysis was 

performed with the variables significantly related to GOS-E in the bivariate 

analyses. Mann–Whitney U tests (continuous variables) and Pearson 2 analysis 

(categorical variables) were used to compare performances of those in the “Good 

Recovery” with those in the “Poor Recovery” group according to personal, injury-

related, and psychological characteristics, and the additional FAM variables. Only 

measures that were significantly related to GOS-E in the bivariate analyses were 

entered into the binomial hierarchical logistical regression. This regression was 

conducted to establish (1) whether the included FAM variables would improve the 

fit compared with included personal, injury-related, and other psychological 

7

141108 Weijenberg BNW.indd   143 02-06-2021   08:44



144 

characteristics and (2) how well this model differentiated the “Good Recovery” 

from the “Poor Recovery” group. Bonferroni corrections for multiple comparisons 

were applied separately for each set of statistical tests.46 This strategy resulted in 

significance levels of p = 0.0125 for the bivariate comparisons of continuous 

personal and injury-related variables with outcome; 0.0038 for the categorical 

personal and injury-related variables; 0.0167 for the bivariate comparisons of the 

addition FAM variables; and 0.0050 for the logistical regressions. Assumption of 

linearity of the continuous variables with respect to the logit of the dependent 

variable was assessed via the Box-Tidwell procedure.47 Further, the receiver 

operating characteristics (ROC) curve was inspected to reveal the discriminative 

value of the final model. 

 

Results 

Participants 

Of the 191 individuals approached, 64 did not agree to participate and 10 were not 

reached, resulting in 117 participants (61.3%). In total, 43 participants requested a 

phone interview to complete the questionnaires (36.8%), and four stopped during 

the assessment (3.4%). Two participants did not enter their unique study identifier 

when completing the questionnaires online, resulting in an anonymous response 

and preventing appropriate extraction of demographic information from the 

MERRC research database. 

 The final sample included 74 men and 41 women with a mean age of 51.63 

years (SD = 18.75; [18-87]). In most cases, TBI was caused by traffic accidents 

(84.3%). Based on PTA duration, injury severity was considered mild for 13.5% 

(PTA < 24 h), moderate for 17.3% (PTA = 1-7 days), and severe for 69.2% (PTA > 

7 days). The mild group consisted solely of individuals with complicated mild TBI 

(presence of abnormalities on CT). Regarding work status, 63.7% were employed 

before the injury and 29.2% reported being able to work at the same level without 

problems after the injury. See Table 1 for an overview of all participants’ 

characteristics. Sample size deviations are the results of missing data in the 

MERRC research database or items missed by participants during online 

administration. Participants were older ( M = 17.02 years; U = 2146.50; standard 

error [SE] = 373.84; p < 0.01) and more often married ( 2 [5] = 25.28; p < 0.01) 
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than non-responders. No group differences were found for any other personal 

characteristics (gender, education years, and employment status) or medical data 

(time since injury, cause of injury, multi-trauma, GCS score, and PTA duration). 

 

Table 1. Descriptives of participants. 
 n Valuea % 
Personal characteristics   
Age (years) 115 52 (34) [18-87] 
Gender 115 

 
64.3% male 

Education years 105 11.97 (2.39) [8-18] 
Employment status pre-injury 115 

 
49.6% full-time employed 
4.3% part-time employed

Working status: pre-injury (GOS-E) 113  63.7% employed 
Working status: current (GOS-E) 113  29.2% same work without 

problems 
23.0% unable to work due to 
TBI 

Marital status 113  50.4% married or de facto 
Assessment method 115  62.6% online

37.4% guided over the phone
Injury-related characteristics   
GCS score 105 12 (8) [3-15] 
PTA duration (days) 104 15 (19) [0-180]
Time since injury (years) 115 2.65 (1.16) [1-5] 
Cause of injury 115  84.3% traffic accident 

Multi-trauma 115  80.0% multi-trauma 
Neurological history pre-injury 117  3.4% yes 
Neurological history post-injury 117  30.2% yes 
Psychological characteristics   
Psychological treatment pre-injury 117  26.5% yes 
Psychological treatment post-injury 117  53.8% yes 
Drugs/alcohol abuse pre-injury 117  9.4% yes
Drugs/alcohol abuse post-injury 117  4.3% yes 
Notes. aDepending on normality, mean (standard deviation) [range] or median (interquartile 
range) [range] are reported. GOS-E, Glasgow Outcome Scale – Extended; GCS, Glasgow Coma 
Scale; PTA, post-traumatic amnesia. 
 

Relationships within the FAM 

See Table 2 for an overview of the scores on elements of the FAM and their 

percentage of participants with an impairment as defined by available cutoff 

scores (see Methods section). Spearman correlation analyses revealed that all 

correlations suggested by the FAM were significant (p < 0.05). See Fig. 2 for a 

graphical presentation of the correlations within the FAM. Catastrophizing 

thoughts were positively associated with TBI-related symptoms (r = 0.80) and 

fear-avoidance thoughts (r = 0.70). Although all outcome measures (depression, 

disuse, and disability) were positively associated with fear-avoidance thoughts 
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and TBI-related symptoms, the strongest association was seen between 

depression and TBI-related symptoms (r = 0.80). 

 

Table 2. Descriptives of the fear-avoidance model. 
n Valuea %I 

TBI-related symptoms (RPQ) 115 24 (23) [0-54] 80.0 
Catastrophizing thoughts (PCS-CS) 116 12.27 (13.07) [0-52] - 
Fear-avoidance thoughts (FMA) 113 25.19 (8.33) [13-44] - 
Depression (HADS D) 113 6.12 (4.68) [0-18] 36.3 
Disuse (amount of mental activity) 112 4.26 (3.11) [0-15] - 
Disability (GOS-E) 113  6.34 (1.29) [3-8] 55.8 
Notes. aFor continuous variables depending on normality, mean (standard deviation) [range] or 
median (interquartile range) [range] are reported. %I, percentage of participants with an 
impairment as defined by the cutoff scores (see Methods section); RPQ, Rivermead Post-
Concussion Symptom Questionnaire; PCS-CS, Post-Concussion Symptoms Catastrophizing Scale; 
FMA, Fear of Mental Activity scale; HADS D, Depression subscale of the Hospital Anxiety and 
Depression Scale; GOS-E =, Glasgow Outcome Scale – Extended.  
 

Figure 2. Spearman correlations of the fear-avoidance model in the current sample. 

 
Notes. Values shown are based on cross-sectional data. *p < 0.05, **p < 0.01. HADS D, Depression 
subscale of the Hospital Anxiety and Depression Scale; GOS-E, Glasgow Outcome Scale – 
Extended; FMA, Fear of Mental Activity scale; RPQ, Rivermead Post-Concussion Symptom 
Questionnaire; PCS-CS, Post-Concussion Symptoms Catastrophizing Scale.  
 

Explanation of depression 

Eight outliers were identified according to centered leverage values, and were 

removed for the final model. The final model revealed that TBI-related symptoms, 

fear-avoidance thoughts, and post-injury neurological history were significantly 

associated with depression (F[3,99] = 59.79, p < 0.01), accounting for 64.4% of 

the variation in depression (see Table 3). The results show that participants who 

reported more TBI-related symptoms, fear-avoidance thoughts, or no other 

neurological disease post-injury, reported more depressive symptoms. 
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Explanation of disuse 

One outlier on disuse was identified and removed for the final model. The final 

model revealed that fear-avoidance thoughts and years of education were 

associated with disuse (F[2,96] = 13.73, p < 0.01), accounting for 22.2% of the 

variation in disuse (see Table 3). The results show that participants, who reported 

more fear-avoidance thoughts or had completed fewer education years reported 

having spent less time on mental activities. 

Explanation of functional disability 

Bivariate analyses revealed that only age, post-injury neurological history, TBI-

related symptoms, catastrophizing thoughts, and fear-avoidance thoughts were 

significantly related to functional disability. Age was significantly higher in the 

“Good Recovery” group Mean Rank = 15.47; U = 1942.50; SE = 168.34; p = 0.01). 

( 2(5) = 25.28; p < 0.01), whereas pre-injury neurological history was significantly 

less prevalent in the “Good Recovery” group ( 2(1) = 12.43; p < 0.01). Specifically 

for the FAM-related variables, the “Good Recovery” group was significantly 

associated with lower levels of TBI-related symptoms ( Mean Rank = 36.45; U = 

541.00; SE = 170.78; p < 0.01), catastrophizing thoughts ( Mean Rank = 33.90; U 

= 630.00; SE = 172.17; p < 0.01), and fear-avoidance thoughts ( Mean Rank = 

33.31; U = 646.50; SE = 172.69; p < 0.01). A binomial logistical hierarchical 

Table 3. Final regression model for the outcomes Depression and Disuse. 
Depression (n=103)a  Disuse (n=99)b 

Predictor B  SE 
of B p  B  SE of 

B p 

Constant 5.69  0.31 <0.01  4.20  0.27 <0.01 
Fear-avoidance thoughts 0.11 0.21 0.05 0.02  -0.10 -0.28 0.03 <0.01 
TBI-related symptoms 0.21 0.70 0.03 <0.01      
Neurological history 
post-injury 0.83 0.16 0.35 0.02      

Education years     0.39 0.32 0.12 <0.01 
Notes. aDepression; scale range = [0.00; 18.00], R2 = 0.64, MSE = 7.61. The prediction equation 
was “depression = 5.69 + 0.21 x TBI-related symptoms (RPQ-24) + 0.11 x fear-avoidance 
thoughts (FMA-25.19) + 0.83 x post-injury neurological history (-1 = yes; +1 = no)”. bDisuse; scale 
range = [0.00; 12.00], R2 = 0.22, MSE = 7.12. The prediction equation was “hours performing 
mental activities = 4.20 + 0.39 x education years (education years - 11.97) + -0.10 x fear-
avoidance thoughts (FMA-25.19)”. TBI, traumatic brain injury; MSE, mean squared error; RPQ, 
score on Rivermead Post-Concussion Symptom Questionnaire; FMA, score on Fear of Mental 
Activity Scale. 
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regression was performed to ascertain the association of age, post-injury 

neurological history, catastrophizing, fear-avoidance and TBI-related symptoms 

with the likelihood that participants reported good recovery. Based on this 

assessment, there were two outliers identified and all assumptions, including no 

multicollinearity, were met. At the first step (age + post-injury neurological 

history), the logistical regression model was statistically significant ( 2[2] = 14.68, 

p < 0.01). At the second step (+ FAM-related variables) the logistical regression 

model was statistically significant as well ( 2[5] = 50.53, p < 0.01) and significantly 

improved compared with the previous step ( 2[3] = 35.85, p < 0.01) (see Table 4). 

The final model explained 49.7% (Nagelkerke R2) of the variance in functional 

disability and correctly classified 78.9% of cases. Sensitivity was 79.2% and 

specificity was 78.7%. Of the five independent variables, none were statistically 

significant (p > 0.05). The area under the ROC curve was 0.87 (95% confidence 

interval [CI], 0.798-0.931), which is an excellent level of discrimination according 

to Hosmer et al.48. 

 

 

Discussion 

The current study examined the FAM in a large English-speaking TBI sample. The 

first aim was to determine whether the relationships among the FAM variables 

were found in a large cohort of individuals with complicated mild to severe TBI. In 

line with the findings of Wijenberg et al.28, all correlations suggested by the FAM 

Table 4. Logistical regression predicting likelihood of good recovery based on age, post-injury 
neurological injury, and FAM-related variables. 

Disability (n=109) 
Predictor B SE Wald df p Odds 

Ratio 
95% CI for Odds Ratio 
Lower Upper 

Constant 4.46 1.42 9.90 1 <0.01 86.76   
Age -0.02 0.02 1.42 1 0.23 0.98 0.95 1.01 
Post-injury 
neurological history 

-1.31 0.73 3.19 1 0.07 0.27 0.07 1.14 

TBI-related 
symptoms

-0.05 0.03 2.21 1 0.14 0.96 0.90 1.02 

Catastrophizing 
thoughts

-0.05 0.04 1.74 1 0.19 0.95 0.88 1.03 

Fear-avoidance 
thoughts

-0.08 0.05 3.18 1 0.07 0.92 0.84 1.01 

Notes. FAM, Fear-Avoidance Model; SE, standard error; CI, confidence interval. Disability is 
defined as “1 = good recovery” or “0 = poor recovery” based on a binary split of the Glasgow 
Outcome Scale – Extended. Post-injury neurological history is coded as “1 = neurological history” 
and “0 = no history”.  

141108 Weijenberg BNW.indd   148 02-06-2021   08:44



149 

were significant. We found similar or even greater correlations in the current 

study, thereby replicating the previous findings in a large English-speaking 

Australian cohort. The results further support the presence of these relationships 

in individuals with moderate to severe TBI as well as in mild TBI, which has been 

the focus of most previous studies examining this construct.  

The second aim was to investigate whether the FAM explains chronic 

disability after TBI over and above known personal, injury-related, and other 

psychological variables. In line with Silverberg et al.29, we found that the variables 

in the FAM are of additive value to personal, injury-related, and other 

psychological variables in understanding unfavorable chronic disability after TBI in 

terms of depression, disuse, and disability. The separate analyses for our three 

outcome measures (depression, disuse, and disability) revealed “fear-avoidance 

thoughts” to be the only consistent significant variable across the analyses. Higher 

levels of fear-avoidance thoughts were associated with higher levels of 

depression, less mental activity, and more functional disability over and above 

other known variables. This shows that how people think about their symptoms is 

related to chronic disability after TBI and may suggest further investigation of 

fear-avoidance as potential treatment target. Other significant contributors in the 

final models of depression, disuse, and functional disability included other FAM 

variables (TBI-related symptoms, catastrophizing thoughts), injury-related 

characteristics (post-injury neurological history), and personal characteristics 

(education years, age). Looking specifically at one of the most common measures 

for outcome after TBI, functional disability measured by the GOS-E, results reveal 

that the FAM-related variables were associated with functional disability over and 

above personal and injury-related variables, and that together with age and post-

injury neurological history, these have a good level of discrimination. These results 

are also in line with multiple studies addressing the need for a biopsychosocial 

approach to understanding chronic disability after TBI.8-14 

Nevertheless, several findings were not consistent with our expectations. 

Although the regression analyses of disability revealed that the final model 

significantly explained disability, explaining 49.7% (Nagelkerke R2) of the variance 

and correctly classifying 78.9% of cases, none of the five independent variables in 

the model were significant. This could be a result of correlations among covariates 
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in the model, lower power caused by fewer observations or selection bias 

introduced by missing values on other covariates. Although our analyses met the 

assumption of at least 15 cases per independent variable, cross validation should 

be performed to further validate our results. Further, we found that the 

occurrence of another neurological injury after TBI (e.g., another TBI or stroke) 

resulted in fewer depressive symptoms. A plausible explanation for this 

unexpected finding may be found in the phrasing of the question. Participants 

were asked by means of one “yes/no”-question if since the injury, they had been 

affected or currently felt affected by a new neurological disorder. Unfortunately, 

in retrospect, this phrasing could be misunderstood as meaning experiencing 

impact of their TBI, limiting the reliability of the answer given. 

 There are several limitations to consider in the current study, resulting in 

suggestions for future research. First, the results should be interpreted with 

caution because of the cross-sectional nature of the study. As the FAM describes a 

process over time, no conclusions can be drawn regarding mediation or causation. 

Therefore, a large longitudinal study assessing the FAM and its influence on 

chronic disability over time is warranted. Second, because of the lack of a 

validated questionnaire, disuse was measured by one non-validated question. 

Further, the Dutch version of the PCS-CS and FMA were validated, but future 

studies are needed for (further) validation and reference data of the English PCS-

CS, FMA and measure for disuse. Although less specific for mental activities, 

future studies could also use alternative measures for disuse that have been used 

and validated before in neurological patient populations, such as the Cognitive 

Reserve Index Questionnaire49 or a measure assessing limiting behavior50, 51. 

Moreover, recently a new questionnaire to assess fear-avoidance behavior after 

traumatic brain injury (FAB-TBI) has been developed, which was derived through 

principal component analysis of existing fear-avoidance measures and was found 

to be a psychometrically sound measure by applying Rasch analysis.29, 52 The FAB-

TBI and FMA are both short self-report questionnaires derived from existing 

measures from the chronic pain literature. However, they differ in that the FAB-

TBI is, in contrast to the FMA, limited by no tailored administration and signs of 

multi-dimensionality, but the validation process of the FAB-TBI is further 

advanced. Future studies should incorporate both the FAB-TBI and FMA to further 
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validate these measures and compare strengths and weaknesses for implications 

regarding their use. Third, although many variables were taken into account, 

several variables, such as personal characteristics (e.g., coping, personality, 

disease expectancies, and impaired awareness) and environmental characteristics 

(such as content, and amount of, and satisfaction with, professional and personal 

support), known to impact chronic disability after TBI53, were not assessed. Future 

research should incorporate these variables as well to demonstrate the 

contribution of the FAM to chronic disability after TBI. Lastly, questionnaires were 

administered online or over the phone. Selection bias could have occurred as a 

consequence of online administration, which may be too difficult for some 

individuals with TBI. However, online administration was purposely selected 

because it enabled individuals with TBI to complete the questionnaires at their 

own pace and allowed for recruitment of rural and remote participants. Further, 

for those who required extra assistance, administration over the phone was also 

offered. 

 Despite some unexpected findings and limitations, this is the first large 

study examining the associations of the variables in the FAM with chronic disability 

after complicated mild to severe TBI. Although longitudinal studies are warranted, 

the findings favor the assessment of the FAM in English-speaking countries and 

may suggest further investigation of fear-avoidance as a potential treatment 

target. The FAM provides the theoretical underpinnings of a well-established 

treatment, namely exposure in vivo therapy.54 
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SUPPLEMENTARY TEXT 

 

Post-Concussion Symptoms Catastrophizing Scale (PCS-CS) 

PM. Administration is preferred online because the answers given on the RPQ are 

used in the administration of the PCS-CS and FMA. 

You just indicated that you do not experience, as a problem, the symptoms you 

were asked about. Everyone experiences headache, cognitive symptoms and/or 

fatigue at some point in their lives. People are often exposed to situations that 

may cause these symptoms. We are interested in the types of thoughts and 

feelings that you have when you experience these symptoms. Listed below are 

thirteen statements describing different thoughts and feelings that may be 

associated with these symptoms. Using the following scale, please indicate the 

degree to which you have these thoughts and feelings when you are experiencing 

these symptoms.  

 

OR 

 

You just indicated that you experience the following symptom(s): 

*Symptoms inserted that have an item score on RPQ of 2 or higher* 

Everyone experiences headache, cognitive symptoms and/or fatigue at some 

point in their lives. People are often exposed to situations that may cause these 

symptoms. We are interested in the types of thoughts and feelings that you have 

when you experience these symptoms. Listed below are thirteen statements 

describing different thoughts and feelings that may be associated with these 

symptoms. Using the following scale, please indicate the degree to which you 

have these thoughts and feelings when you are experiencing these symptoms.  
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When I experience these 
symptoms… 

Not 
at all 

To a slight 
degree 

To a moderate 
degree 

To a great 
degree 

All the 
time 

1. I worry all the time about 
whether the symptoms will 
end.     

2. I feel I can’t go on.      

3. It’s terrible and I think it’s 
never going to get any better.      

4. It’s awful and I feel that it 
overwhelms me.      

5. I feel I can’t stand it 
anymore.      

6. I become afraid that the 
symptoms will get worse.      

7. I keep thinking of other 
events during which I 
experience the symptoms.      

8. I anxiously want the 
symptoms to go away.      

9. I can’t seem to keep it out of 
my mind.      

10. I keep thinking about how 
difficult it is.     

11. I keep thinking about how 
badly I want the symptoms to 
stop.     

12. There’s nothing I can do to 
reduce the intensity of the 
symptoms.      

13. I wonder whether 
something serious may 
happen.      
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Fear of Mental Activity scale (FMA) 

PM. Administration is preferred online because the answers given on the RPQ are 

used in the administration of the PCS-CS and FMA. 

You just indicated that you do not experience, as a problem, the symptoms you 

were asked about.  

Everyone experiences headache, cognitive symptoms and/or fatigue at some 

point in their lives. We would like to examine how you feel about these symptoms 

and how you experience them. You are asked to indicate whether or not you 

agree with each of the statements listed. It is important that you only use your 

own opinion and thoughts; what others might think is not of interest here. We do 

not intend to assess your medical knowledge either. The questionnaire is just 

about the way you experience these symptoms.  

 

OR 

 

You just indicated that you experience the following symptom(s): 

*Symptoms inserted that have an item score on RPQ of 2 or higher* 

Everyone experiences headache, cognitive symptoms and/or fatigue at some 

point in their lives. We would like to examine how you feel about these symptoms 

and how you experience them. You are asked to indicate whether or not you 

agree with each of the statements listed. It is important that you only use your 

own opinion and thoughts; what others might think is not of interest here. We do 

not intend to assess your medical knowledge either. The questionnaire is just 

about the way you experience these symptoms.  
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Please indicate whether or not you 
agree with statements listed below. 

Strongly 
disagree Disagree Agree Strongly 

Agree 

1. I’m afraid that I might injure my brain if I 
perform mental activities.      

2. If I were to try to overcome it, these 
symptoms would increase.      

3. My brain is telling me I have something 
dangerously wrong.      

4. These symptoms would probably be 
relieved if I were to train my brain.      

5. People aren’t taking my medical 
condition seriously enough.      

6. My accident has put my brain at risk for 
the rest of my life.      

7. These symptoms always mean I have 
injured my brain.      

8. Just because something aggravates 
these symptoms does not mean it is 
dangerous.      

9. I am afraid that I might injure my brain 
accidentally.     

10. Simply being careful that I do not 
perform any unnecessary mental activities 
is the safest thing I can do to prevent 
these symptoms from worsening.  

    

11. I wouldn’t have this many symptoms if 
there wasn’t something potentially 
dangerous going on in my brain.      

12. Although I experience these symptoms, 
I would be better off if I were mentally 
active.      

13. These symptoms let me know when to 
stop performing mental activities so that I 
don’t injure my brain.      

14. It’s really not safe for a person with a 
condition like mine to perform a lot of 
mental activities.      

15. I can’t do all the things normal people 
do because it’s too easy for my brain to 
get injured.      

16. Even though something is causing me 
a lot of symptoms, I don’t think it’s 
actually dangerous.      

17. No one should have to perform mental 
activities when he/she experiences these 
symptoms.      

7
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Chapter 8 

General discussion 
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Although most patients with mild traumatic brain injury (mTBI) fully 

recover, some patients report persistent post-concussion symptoms (PCS) three 

months or longer post-injury. PCS encompasses physical (e.g., headache), 

cognitive (e.g., memory problems), emotional (e.g., depressive symptoms), and/or 

behavioral symptoms (e.g., irritability). To understand PCS, the importance of a 

biopsychosocial approach gained more attention and credit in the last decades 

from researchers and clinicians.1 Several studies emphasize the importance of 

anxiety, thoughts about symptoms, and a self-sustaining dysfunctional loop as 

potential key elements to understand PCS.2-4 A biopsychosocial model 

incorporating these elements is the fear-avoidance (FA) model. The FA model is 

originally developed to explain pain-related disability in chronic musculoskeletal 

pain by a cyclic pattern including fear of movement, whereas adaptations were 

made by us to explain PCS by a cyclic pattern including fear of mental activities. 

In this thesis, we explored the role of fear in chronic TBI-related disability in 

the context of the PCS-related FA model (see Figure 1, chapter 1). In the 

introduction, four research questions are proposed, which will be elaborated on 

sequentially in the following section. 

 

Main findings 

Aim 1: Exploring the FA model in patients with MS 

We extended a first exploration of the FA model in another brain disease, namely 

Multiple Sclerosis (MS). In chapter 2, findings of a cross-sectional study of 218 

patients with MS are presented to cross-validate the role of the FA model to 

understand fatigue after MS. The results reveal a successful cross-validation of the 

adapted FA model postulating fatigue as symptom instead of chronic pain. 

Catastrophizing, depression, physical disability, disease severity and fear-avoidance 

all contribute significantly to fatigue, either directly or indirectly, supporting the 

specific interrelationships as suggested by the FA model (see Figure 1, chapter 2). 

The results support the notion that catastrophizing about fatigue plays a central 

role: fueled by depression, catastrophizing thoughts mediate the relationship 

between fatigue and fatigue-related fear-avoidance behavior. 
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Taking into consideration the cross-sectional nature of our study, we 

conclude that the results were in line with the FA model, highlighting the disabling 

role of anxiety and thoughts about symptoms. 

 

Aim 2: Stability of psychological characteristics in the first two years post-stroke 

In chapter 3, a longitudinal study (N=324) is presented investigating if 

psychological characteristics remain stable in the first two years post-stroke. 

Results show that scores on all adaptive psychological characteristics (e.g., 

proactive coping, self-efficacy, optimism, extraversion) decrease over time, 

whereas scores on maladaptive psychological characteristics (e.g., neuroticism, 

pessimism) increase or remain stable (passive coping) over time. Clinicians should 

be aware of the impact of psychological characteristics on quality of life, consider 

their temporal (in)stability after stroke, and stimulate the use of more adaptive 

psychological characteristics, such as proactive coping and optimism. Future 

studies into effective treatment strategies (e.g., psychological therapy 

administered by a neuropsychologist such as problem-solving therapy5) are 

needed to help patients make use of more adaptive psychological characteristics 

in the long-term. 

 

Aim 3: Psychometric properties of two newly developed questionnaires assessing 

catastrophizing and fear-avoidance thoughts 

The studies investigating the psychometric properties of the Post-Concussion 

Symptoms Catastrophizing Scale (PCS-CS) and the Fear of Mental Activity scale 

(FMA) are presented in chapters 5 and 6. 

The study presented in chapter 5 included 131 adults without history of 

brain injury and the results support the notion that the PCS-CS, FMA, and their 

provided cut-offs can be used to assess PCS-related catastrophizing and fear-

avoidance for research purposes and clinical practice in a reliable and valid 

manner. Furthermore, reference data of a cohort of working adults are now 

available and provide a cut-off for an increased level of catastrophizing and fear-

avoidance for research purposes and clinical practice (e.g., “Is the level of 

catastrophizing of patient X higher or lower than expected compared to a 

reference group of working adults without history of brain injury?”). Despite these 

8
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promising findings, the psychometric properties in patient populations still need 

further study and the study limitations, including convenience sampling, should be 

considered. We expect patients with mTBI, as a result of higher PCS levels, will 

report higher levels of PCS-related catastrophizing and fear-avoidance on a group 

level and therefore require different cut-offs. 

To extend the exploration of the validity of the PCS-related fear-avoidance 

measures, we investigated whether fear-avoidance and catastrophizing about 

mental activities are related to behavioral avoidance in a healthy population. The 

results of this experimental study (chapter 6) reveal that catastrophizing, 

measured by the PCS-CS, relates to behavioral avoidance of mental activities in 

healthy adults. The results show that catastrophizers spend less time on the 

performance of difficult tasks as compared to easy cognitive tasks. This is in line 

with the assumed relationship between catastrophizing and fear-avoidance 

according to the FA model and demonstrates its link on a behavioral level. These 

findings also fit the current literature that highlights the importance of the way 

people interpret their symptoms as opposed to the symptom experience itself (i.e., 

irrational thoughts about health implications of someone’s own symptoms can 

impact their behavior).4, 6 Our study shows that healthy adults report PCS, have 

thoughts about these symptoms, and adjust their behavior in accordance with 

these thoughts. For instance, in daily life this could lead to avoidance of social 

events because one thinks that a headache will reoccur or increase as a result of 

overstimulation caused by music, chatter, and bright lights. We expect that the 

demonstrated link is also present or even stronger in patient populations. 

Therefore, future patient studies using the experimental design or more in-vivo 

mental activities (e.g., daily life activities) are needed to generalize and further 

interpret these findings. 

 

Aim 4: Exploring the PCS-related FA model in patients with mild, moderate, and 

severe TBI 

Our final research question is addressed in chapter 4 and chapter 7. Chapter 4 

discusses the results of our pilot study exploring the PCS-related FA model and 

chapter 7 presents a large Australian cross-sectional study revealing the additive 
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value of the PCS-related FA model over known predictors in understanding 

outcome after TBI of all severities. 

The pilot study of 48 patients with mild and moderate to severe TBI in the 

chronic phase shows significant interrelationships within the FA model, similar to 

the study exploring the FA model in MS (chapter 2). Furthermore, the Australian 

cross-sectional study replicates this finding in a larger English sample of 117 

patients with more severe TBI. 

Looking into the additive value of the PCS-related FA model in 

understanding outcome after TBI for the first time, analyses reveal that elements 

of the FA model (e.g., catastrophizing and fear-avoidance) improve prediction of 

the main outcome (chronic disability) compared with known predictors alone 

(injury-related, such as severity indexes, or demographic, such as sex).  

These findings indicate that further studies focusing on the FA model as a 

potential contribution to our understanding of persistent symptoms after TBI seem 

warranted. The model may be valuable as a theoretical model and stepping stone 

in both diagnostic and treatment stages. 

 

Conclusions and reflections 

Summarizing the findings of this thesis, multiple conclusions can be drawn. In the 

next paragraphs, these conclusions are discussed in conjunction with the 

methodologies of the presented studies and are linked to the existing knowledge 

of the FA model in chronic pain and TBI. Suggestions for future research studies 

are given. 

All presented studies examining the specific interrelationships of the FA 

model (see Figure 1, chapter 1; chapter 2, 4, 6 and 7), confirm the 

interrelationships of the variables within the FA model. The confirmation of the 

role of fear in disease-related disability is found across study populations including 

healthy individuals, patients with TBI, and patients with MS. The strength of the 

associations within these populations seems comparable with those reported in 

the original FA model designed for chronic pain.7-9 However, the use of different 

measures and constructs complicates the comparison between populations. 

Comparing specifically the PCS-related FA model with the original pain-related FA 

model, theoretical differences are, but not limited to, explaining a symptom 
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complex or syndrome (PCS) instead of a single symptom (pain) and the 

occurrences of a sudden eventful biomedical onset on a vital urgent organ (TBI) 

versus pain as a vital sign of bodily threat urging protective behaviors. 

Nonetheless, our studies extend the FA model now to MS (chapter 2), mild to 

severe TBI (chapter 4 and 7), and PCS-like symptoms in healthy adults (chapter 6). 

This advocates further research into the value of the PCS-related FA model to 

understand disability in relation to mental activities. For instance, it could also be 

of relevance in other neuropsychological conditions that are associated with 

successful timely recovery and have key symptoms similar to PCS (e.g., cognitive, 

emotional, and/or behavioral symptoms), such as minor stroke, transient ischemic 

attack, or headache disorders.10, 11 

Despite this consistent finding of the confirmation of the FA model in 

different populations, some limitations of our studies should be taken into 

account. Firstly, the studies presented in this thesis are cross-sectional and 

therefore, no conclusions can be drawn to the direction or development of 

relationships. No conclusion can be drawn regarding causality (e.g., PCS causes 

catastrophizing and catastrophizing causes fear-avoidance) or its cyclic pattern 

over time. Further longitudinal studies are needed to investigate the role of fear-

avoidance in disease-related disability over time. Such studies could disclose when 

the disease behavior initiates, how it develops over time by whom and what, and 

reveal the relative and potential time-dependent or personalized contribution of 

biomedical, psychological and social factors. Such studies could also reveal when 

PCS initiate and peak, and what the explanatory value of the FA model is next to 

other known factors over time. These findings would help customizing treatment 

by providing important information regarding who, what, when, and why. See 

Crombez et al.12 for an overview of the development of the FA model within 

chronic pain literature as a result of decades of research and lessons learned from 

clinical practice. They conclude that, although there is ample evidence to support 

the validity of the model in its original form, these studies helped developing the 

FA model, fine-tuned its research and clinical implications, and call for the next 

generation of studies. 

Secondly, no study presented in this thesis compared different populations 

simultaneously. Future studies should also include a larger sample of patients with 
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mild traumatic brain injury next to a control group such as patients with 

orthopedic injuries, in accordance with recommendations for future mTBI 

studies.13 This control group is necessary to reveal if the proposed PCS-related FA 

model is specific for mTBI or more generally applicable to persistent symptoms 

induced by a trauma, such as visiting the emergency room, influence of pain, and 

possible pre-existing neuropsychological differences in individuals who have a 

higher injury risk.14 For example, Broomhall et al.15 found that avoidance 

symptoms (e.g., avoidance of people or places), assessed during hospital stay 

because of a traumatic injury, are significantly higher in injury survivors with mTBI 

compared to injury survivors without mTBI. 

Thirdly, the variables in the FA model were measured using mainly self-

report questionnaires. Future studies are recommended to use observations and 

behavioral measures. E.g., in chapter 6, our experimental study, we used ‘time 

spent working on cognitive tasks’ as behavioral measure. Future studies could also 

develop a more ecologically valid measure. E.g., the photograph series of daily 

activities (PHODA) scale is a more ecologically valid measure used in chronic pain 

to assess perceived harmfulness of daily activities by rating photographs depicting 

these daily activities. Adapting this to the PCS-related FA model, photographs 

showing challenging mental activities (e.g., working at a computer in a noisy 

environment) could be used. 

Another conclusion can be drawn from the experimental study (chapter 6) 

and Australian cross-sectional study (chapter 7). Both analyses reveal that 

elements of the FA model (e.g., catastrophizing and fear-avoidance) predict the 

main outcome (respectively behavioral avoidance and chronic disability) over and 

above established biomedical (e.g., injury severity indexes), personal (e.g., sex, 

age), and/or psychological predictors (e.g., psychological treatment history). 

However, other personal and social (i.e., environmental) factors, not specific to 

the FA model, should also be included in future studies. Relevant personal factors 

for outcome after acquired brain injury are e.g., proactive coping, self-efficacy, 

optimism, and extraversion (chapter 3).16 Examples of important social factors are 

disease expectancies of caregivers, experienced support by patients’ 

surroundings, and subjective appraisal of (lack of) received treatment by 

healthcare professionals.17, 18 

8
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Concerning methodological features, our results provide support for the use 

of the PCS-CS and FMA questionnaires for valid and reliable assessment of 

catastrophizing about PCS and fear-avoidance of mental activities respectively 

(chapter 3) and its link with fear-avoidance on a behavioral level (chapter 6). 

However, to further study the psychometric properties and obtain clinical 

reference data, future studies in patient populations and well-described subgroups 

are needed. 

In sum, the results support the disabling role of anxiety as suggested by the 

FA model and its potential additive value in healthy adults (18-65 years old), in 

patients with MS, and patients with mild to severe TBI. These findings fit the 

current literature in the following ways: (1) they highlight the importance of the 

way people think about their experienced symptoms and not the symptom 

experience itself, similar to the research field of illness cognitions4, 6; (2) they show 

a prominent role of fear-avoidance, similar to studies in e.g., mTBI19 or older 

adults20; (3) they reveal disease expectations and anxiety as significant predictors 

of outcome (e.g., quality of life or disability), similar to previous studies in 

acquired brain injury16, 21 or other medical conditions such as heart attack 

survivors22, chronic pain23, and tinnitus24. The studies in this thesis extend these 

findings by exploring the role of the full FA model including fear-avoidance 

thoughts (i.e., illness cognitions), disease expectations, and anxiety instead of 

stand-alone constructs. 

Although future studies are needed to further study the potential of the 

PCS-related FA model in TBI, the promising and consistent results in the studies 

presented in this thesis highlight the potential of fear as treatment target. In 

chronic pain, research confirmed the effect of treatment to reduce fear of 

movement in order to decrease pain-related disability based on exposure in 

vivo.25, 26 Exposure in vivo is a psychosocial treatment targeting disability and 

pain-related catastrophizing thoughts and fear-avoidance behavior. In this 

treatment, the individual is exposed to stimuli and situations that were previously 

avoided, eventually resulting in reduction of disability and fear-avoidance. 

Therefore, future studies aimed at reducing mTBI-related disability could include, 

but are not limited to, development of a treatment protocol designed for exposure 

to mental activities including behavioral experiments challenging beliefs and 
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expectations of patients about their PCS and “injured” brain. Design of treatment 

protocols should start by first investigating the individual explanations and 

thoughts patients may have regarding their symptoms, taking into account the 

influence of their surrounding and healthcare professionals on these beliefs. This 

can be achieved using e.g., Socratic interviewing and focus groups. This 

information should be embedded within the established treatment protocol 

targeting chronic pain and incorporate the latest insights retrieved from 

systematic reviews regarding effective psychological treatments for PCS27-30. 

When this treatment protocol is developed, its effectiveness could be investigated 

using single-case experimental designs or randomized controlled trials, as 

suggested by the systematic reviews concluding the need for good quality and 

personalized intervention studies27-30. 

 

Implications for clinicians and researchers 

Some implications can be formulated for clinicians and researchers.  

In the first place, comparing results of our studies to other studies on PCS 

and mTBI, we observe that there are inconsistencies about the definition of PCS31 

and mTBI32 resulting in various problems such as high variation in estimates of 

suboptimal recovery trajectory of patients. We suggest using the definition of PCS 

reviewed by Polinder et al.13 (i.e., having PCS at least three months after TBI) and 

mTBI according to the WHO33 and EFNS34 (see chapter 1 for the criteria). We 

investigated three different groups (healthy adults with no biomedical pathology, 

mTBI with assumed temporary biomedical pathology, and moderate to severe TBI 

with clear chronic biomedical pathology). Based on the similarity of our findings 

across these groups, viewing TBI on a spectrum, gradually ranging from mild to 

severe, and using a biopsychosocial approach could also be helpful in better 

understanding outcome.35 In line with the need for good quality intervention 

studies27-30, clinical practice would benefit most from evidence-based treatment 

options for patients seeking help to relieve their burden, empower their abilities, 

and improve their quality of life, despite the exact ‘labelling’ of their injury. 

Above all, our study results highlight the importance of taking into account 

psychological factors to understand how people react to and recover from a 

(biomedical) injury, with special importance for TBI. Although Silverberg and 
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Iverson3 show that these psychological factors are already important in the 

beginning of the recovery trajectory and not only at the chronic stage (e.g., three 

months after mild TBI), our patient studies were mainly performed at least three 

months after injury. Therefore, conclusions drawn from our studies apply to the 

chronic stage. Due to established additive value of psychological factors in the 

chronic stage, patients with PCS could potentially be helped with therapies 

applying a biopsychosocial perspective such as cognitive behavioral treatment.27-30 

This is also in line with the notion that the FA model is a biopsychosocial model, 

which fits a cognitive behavioral therapy (e.g., exposure in vivo) focusing on 

regaining trust in recovery after a biomedical injury by altering disabling 

psychosocial influences. 

Although “take into account psychological factors” to understand PCS 

seems straightforward, we expect several problems putting this in (clinical) 

practice. The problems were already postulated by Alexander36 specifically for 

neurologists and include; (1) neurologists often do not provide care anymore in the 

chronic phase; (2) most patients recover on their own; (3) neurologists can view 

patients with PCS as unpleasant clinical assignments including suspicion of 

exaggerating or malingering; (4) psychological issues can be vaguely specified and 

impede straight-forward treatment options; (5) in academia, the topic of PCS may 

be less intellectually compelling or rewarded as such. These problems may be 

applicable to more healthcare professionals and therefore still hinder successful 

implementation. We think solutions for these problems could be found in the 

opposite of some: (1) target the healthcare professional whom patients with PCS 

encounter (e.g., three months or later post-injury they encounter a general 

practitioner instead of a neurologist); (2) teach healthcare professionals how to 

use a biopsychosocial approach and view patients with PCS not as an unpleasant 

clinical assignments or PCS as less intellectually compelling research topic; (3) 

improve clinical skills to assess psychological issues and to prescribe the 

associated (neuro)psychological treatment. Alexander36 already stated that if the 

biopsychosocial approach is received with skepticism by patients and their 

surroundings, they do often acknowledge that the symptoms, regardless of their 

exact origin, are ruining their lives and that counselling could be helpful. It is 

important that the treating healthcare professional does not assume that the 
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symptoms of their patient all represent real neurologic loss, but should focus on 

resolving disabling practical behavioral problems from a biopsychosocial 

perspective. As already stated by Ruff2, in the context of treatment, the 

controversy of brain-based versus psychologically-based disability seems 

academic at best and is of no use in clinical work, in line with an integrative or 

biopsychosocial approach37. 

Furthermore, the first extensive exploration of the entire FA model for PCS 

in TBI, presented in this thesis, shows promising results and implicate that 

researchers and clinicians should consider the FA model as possible theoretical 

understanding of prolonged recovery of the patient. However, as stated before, 

future studies, especially longitudinal and treatment studies, are necessary to 

unravel the full potential of the FA model. At this stage, clinicians could be aware 

of the FA model during their intakes, administer questionnaires assessing factors 

related to the FA model (e.g., catastrophizing with the PCS-CS and fear-avoidance 

with the FMA), and compare the scores with our healthy adult cohort. Deviating 

scores should be reported back to the patient and openly discussed, followed by 

personalized psychoeducation about possible psychological processes such as the 

impact of someone’s thoughts about their own symptoms on symptom severity 

(e.g., filling in a personal FA model using patients’ symptoms and thoughts). This 

could normalize the disease process that has taken place for the patient, resulting 

in validation of suffering from symptoms, and if necessary with extra evidence-

based psychological treatment, potentially breaking through the cyclic pattern. It is 

important to mention that although the FA model shows promising findings in our 

first exploration, and even if these are confirmed in follow-up studies, this 

explanation would not be applicable to all patients; the FA model only applies to 

patients with catastrophizing and fear-avoidance as disabling factors. It is a very 

heterogeneous patient group and many group-based studies, including ours, show 

a high variation across individuals (e.g., in chapter 4, 92% of our sample reported 

having PCS whilst only 58% reported a heightened level of catastrophizing 

according the cut-off presented in chapter 5). In chronic pain, besides exposure in 

vivo therapy, other therapies such as graded activity and acceptance and 

commitment therapy (ACT) are offered and investigated to do justice to the 

individual variation in treatment response.38 
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All in all, researchers and clinicians should not avoid the mental challenges 

PCS pose, but confront these challenges by thinking beyond diagnosis: ask the 

patient about his/her thoughts and feelings about PCS and take these into account 

in the efforts to help a person struggling with life’s curveballs.  
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Scientific and Societal Impact 
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Research presented in this thesis: main objective, results and conclusions 

In this thesis, six studies are described to explore if a new theoretical model could 

help understand why a subgroup of patients with mild traumatic brain injury 

(mTBI; also known as concussion) fails to recover timely. Group studies showed 

that full recovery could be expected within three months after the injury, but this 

subgroup fails to recover within this timeframe. These patients report persistent 

post-concussion symptoms (PCS). PCS encompasses physical (e.g., headache), 

cognitive (e.g., memory problems), emotional (e.g., depressive feelings), and/or 

behavioral symptoms (e.g., easily annoyed). The theoretical model studied was the 

fear-avoidance (FA) model, originally developed to explain disability in chronic 

lower back pain, and adapted by us to the PCS-related FA model. The PCS-related 

FA model uses a biopsychosocial approach, meaning that it combines biological 

(e.g., brain injury) and psychosocial factors (e.g., anxiety) to understand recovery 

patterns (e.g., chronic disability) after mTBI. This FA model states that the way 

people think about their symptoms influences their behavior and if they recover 

timely or not. For example, a patient could think that his/her headaches are a sign 

of permanent brain damage, therefore avoiding mental activities (e.g., reading 

and participating in meetings), and calling in sick for a longer period. 

The results of the studies in this thesis support the idea that anxiety and 

thoughts about symptoms, as suggested by the PCS-related FA model, play an 

important role to understand PCS for various groups of people. Our studies extend 

the FA model now to patients with multiple sclerosis (MS), patients with mild to 

severe TBI, and healthy adults. Our studies also show that if “thoughts about 

symptoms” are taken into consideration, we can better predict who avoids 

cognitively challenging tasks or reports chronic disability. This is the case if we add 

“thoughts about symptoms” as a predictor to a set of more commonly used 

predictors such as injury severity, sex, age, and psychological vulnerability. 

Moreover, the results highlight that we can better understand recovery patterns 

after TBI if we use a biopsychosocial approach (i.e., combining biological and 

psychosocial factors). Above all, our study results support the importance of 

considering psychological factors if we want to understand how people react to 

and recover from a biological injury, with special importance for TBI. Therefore, 

patients with PCS could potentially be helped with therapies applying also a 
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biopsychosocial approach, such as incorporating cognitive behavioral therapy, 

targeting thoughts about symptoms, into rehabilitation programs. 

All in all, the presented studies show that researchers and clinicians should 

consider the PCS-related FA model as possible theoretical understanding of 

prolonged recovery of patients struggling with PCS. The full potential of the PCS-

related FA model still needs to be investigated, especially taking into account that 

the FA model will only be applicable to patients with catastrophizing thoughts and 

fear-avoidance behavior as disabling factors. Studies investigating the FA model 

as a disease process over time and its associated treatment are still needed as 

future steps. 

 

Relevance of study results for science and society: now and in the future. 

For the scientific community, the results are presented at conferences for 

scientific audiences and published in several international peer-reviewed 

publications. The findings (see previous section) are relevant for various research 

fields including (but not limited to): (1) clinical neuropsychology (e.g., recovery 

after mTBI or other relevant neuropsychological conditions such as minor stroke); 

(2) clinical psychology (e.g., a biopsychosocial model as theoretical basis for 

understanding a disease process linked to an evidence-based cognitive behavioral 

therapy); (3) rehabilitation medicine/neuropsychiatry (e.g., understanding 

suboptimal recovery after a (brain) injury of which one is expected to recover 

completely); (4) experimental psychopathology (e.g., understanding individual 

differences in behavior, emotion, and cognition, especially how people think about 

common symptoms and act upon these thoughts and beliefs). Furthermore, the 

results warrant continuation of the PCS-related FA model research line, especially 

studies investigating the FA model as disease process over time and the 

development and evaluation of individualized cognitive behavioral therapy, such 

as PCS-related exposure therapy. Depending on the complexity of the 

consequences a patient experiences, exposure therapy can be considered as a 

stand-alone psychological therapy or incorporated into a multidisciplinary 

rehabilitation treatment. Essential in this therapy is that patients are exposed to 

activities that they normally avoid due to catastrophizing thoughts and beliefs. 

With exposure therapy, these beliefs are corrected and patients feel able to 
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resume their daily activities. In general, the emphasis on psychological factors and 

not merely on biological factors stimulates a biopsychosocial approach in future 

studies to further understand the individual impact of medical conditions. Our 

results suggest that better understanding, and therefore reducing chronic 

disability in patients with injuries of which one is expected to recover completely, 

is most likely achieved by further exploration of a biopsychosocial approach and 

adaptation of psychological processes. Finally, the results are presented in 

educational lectures and could be incorporated in the educational program of 

various healthcare providers, such as general practitioners, neurologists, 

rehabilitation physicians, and (neuro)psychologists. 

For society, the results are relevant for healthcare professionals, policy 

makers, insurance companies, and patients themselves. Patients with PCS seek 

help to relieve their burden, empower their abilities, and improve their quality of 

life. However, an evidence-based treatment option for patients with PCS-related 

disability after mTBI is still lacking. This is associated with many costs on the 

individual level (e.g., chronic disability, suboptimal levels of participation, and loss 

of quality of life) and societal level (e.g., societal costs associated with inability to 

work and high long-lasting healthcare consumption). Society would benefit most 

from evidence-based, individualized, cost-effective treatment options targeting 

this patient group. Our results have helped to improve our current understanding 

of why some people do not recover timely after mTBI and highlight psychological 

factors as an essential element. Psychological factors should be treated using 

psychological therapies. Specifically, the FA model and its first treatment of choice 

(exposure therapy) is well studied in other patient groups experiencing 

longstanding symptoms such as chronic pain, tinnitus, and chronic fatigue. The 

next logical step would be studies investigating the PCS-related FA model over 

time and developing PCS-related exposure therapy. 

At this stage, clinicians could be aware of the PCS-related FA model during 

their intakes, administer questionnaires assessing factors related to the FA model 

(e.g., catastrophizing with the Post-Concussion Symptoms Catastrophizing Scale 

(PCS-CS) and fear-avoidance with the Fear of Mental Activity scale (FMA)), and 

compare the scores with reference data of our healthy adult cohort. Deviating 

scores should be reported back to the patient and openly reflected upon, followed 
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by information about possible psychological processes such as the impact of 

thoughts about symptoms on symptom experience. Filling in an individualized FA 

model together with the patient, including his/her own symptoms and thoughts, 

can be helpful during this reflective session. Understanding behavior in this way 

could normalize the disease process that has taken place for the patient, resulting 

in understanding of suffering from symptoms, and if necessary with extra 

treatment, potentially breaking through the cyclic pattern posed by the FA model. 

It is important to mention that although the FA model shows promising findings in 

our first exploration, this explanation would not be applicable to all patients. Even 

if our findings are confirmed in follow-up studies, the FA model only applies to 

patients with catastrophizing thoughts and fear-avoidance behavior as disabling 

factors. 

All in all, researchers and clinicians should not avoid the mental challenges 

PCS pose, but confront these challenges by thinking beyond diagnosis: ask the 

patient about his/her thoughts and feelings about PCS and take these into account 

in the efforts to help a person struggling with life’s curveballs.  

9
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Summary 

Although most patients with mild traumatic brain injury (mTBI) fully recover, 

approximately 20% of patients report persistent post-concussion symptoms (PCS) 

three months or longer post-injury. PCS encompasses physical (e.g., headache), 

cognitive (e.g., memory problems), emotional (e.g., depressive symptoms) and/or 

behavioral symptoms (e.g., irritability). Given the high impact for the individual 

and their surroundings, the high prevalence within chronic care settings and 

societal costs associated with suboptimal recovery, improving our understanding 

of PCS has been the focus of many researchers. Despite the large efforts and 

advancing techniques to date, a uniform explanation for PCS is still lacking. 

Previous studies showed that biomedical measures alone (e.g., injury severity 

indexes) fail to predict suboptimal recovery and introduced psychological factors 

(e.g., anxiety) as important additional predictors. Recent systematic literature 

reviews propose a biopsychosocial approach (i.e., combining biomedical and 

psychosocial factors) and emphasize the importance of anxiety, thoughts about 

symptoms, and a self-sustaining dysfunctional loop as potential key elements to 

understand PCS. 

A biopsychosocial model centralizing the role of anxiety and explaining PCS 

as a self-sustaining dysfunctional loop is the fear-avoidance (FA) model. The FA 

model is originally developed in 1995 to explain chronic musculoskeletal pain and 

has been applied to various patient populations ever since. Applying this model to 

PCS in mTBI would indicate that patients erroneously interpret symptoms as a sign 

of brain pathology over which one has little or no control. Such catastrophizing 

thoughts could extend to fear of mental activities, introduced as ‘cogniphobia’ 

(similar to ‘kinesiophobia’ or fear of physical activity in chronic pain), and 

subsequently decrease activity levels and may result in progressive disuse, 

symptoms of depression, and disability. This could then increase the amount and 

magnitude of PCS concluding its cyclic pattern. The main aim of this thesis is to 

provide novel insights on persistent symptoms after brain injury by exploring the 

PCS-related FA model for the first time. Chapter 1 provides a more extensive 

background to the aims of this thesis. 

In chapter 2, the first exploration of the FA model in another brain disease, 

namely Multiple Sclerosis (MS), is extended by means of a cross-validation study. 

*
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The results reveal a successful cross-validation of the adapted FA model to 

understand fatigue after MS. Catastrophizing, depression, physical disability, 

disease severity and fear-avoidance all contribute significantly to fatigue, 

supporting the specific interrelationships as suggested by the FA model. The results 

support the notion that catastrophizing about fatigue plays a central role: fueled by 

depression, catastrophizing thoughts mediate the relationship between fatigue and 

fatigue-related fear-avoidance behavior. This study highlighted the disabling role 

of psychological characteristics, such as anxiety and thoughts about symptoms, in 

a neurological condition. 

To improve our understanding of psychological characteristics in patients 

with acquired brain injury, chapter 3 presents a longitudinal study investigating if 

psychological characteristics remain stable in the first two years post-stroke. 

Results show that scores on all adaptive psychological characteristics (e.g., 

proactive coping, self-efficacy, optimism, extraversion) decrease over time, 

whereas scores on maladaptive psychological characteristics (e.g., neuroticism, 

pessimism) increase or remain stable (passive coping) over time. Clinicians should 

be aware of the impact of psychological characteristics on quality of life, consider 

their temporal (in)stability after stroke, and stimulate the use of more adaptive 

psychological characteristics, such as proactive coping and optimism. 

Chapter 4 presents a first exploration of the PCS-related FA model. This 

pilot study examined patients in the chronic phase after mild or moderate to 

severe TBI. The results show significant interrelationships within the FA model and 

provide some useful suggestions regarding adaptations made by us to the 

questionnaires assessing PCS-related catastrophizing and fear-avoidance. These 

findings indicate that further studies focusing on the FA model as a potential 

contribution to our understanding of persistent symptoms after TBI seem 

warranted. 

The suggestions regarding the questionnaires assessing PCS-related 

catastrophizing and fear-avoidance were processed and resulted in the first study 

investigating the psychometric properties of the Post-Concussion Symptoms 

Catastrophizing Scale (PCS-CS) and the Fear of Mental Activity scale (FMA). 

Although future studies assessing patient populations are warranted, a 

psychometric study in a non-brain injury population is presented as important first 
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step in chapter 5. The results support the notion that the PCS-CS, FMA, and their 

provided cut-offs can be used to assess PCS-related catastrophizing and fear-

avoidance in a reliable and valid manner. Furthermore, reference data of a cohort 

of working adults are presented and provide a cut-off for an increased level of 

catastrophizing and fear-avoidance for research purposes and clinical practice.  

To extend the exploration of the validity of the PCS-related fear-avoidance 

measures, we investigated in chapter 6 whether fear-avoidance and 

catastrophizing about mental activities are related to behavioral avoidance in a 

healthy population. The results of this experimental study reveal that 

catastrophizing relates to behavioral avoidance of mental activities in healthy 

adults. The results show that catastrophizers spend less time on the performance 

of difficult tasks as compared to easy cognitive tasks. This is in line with the 

assumed relationship between catastrophizing and fear-avoidance according to 

the FA model and demonstrates its link on a behavioral level. Furthermore, the 

additive value of the FA model over known predictors was supported by the 

finding that catastrophizing was a significant predictor of time spent on difficult 

cognitive tasks, next to female sex. 

In chapter 7, we investigated the additive value of the PCS-related FA 

model in understanding outcome after TBI. Analyses reveal that elements of the 

FA model (e.g., catastrophizing and fear-avoidance) improve prediction of the 

main outcome (chronic disability after TBI) compared with known predictors alone 

(injury-related, such as severity indexes, or demographic, such as sex). This large 

Australian cross-sectional study revealed the additive value of the PCS-related FA 

model over known predictors in understanding outcome after TBI of all severities. 

These results suggest that the model may be valuable as a theoretical model and 

stepping stone in both diagnostic and treatment stages and enables its 

dissemination in English-speaking countries. 

In chapter 8, we discuss and integrate all studies presented in this thesis, 

including the main findings, methodological considerations, suggestions for future 

research, and recommendations for clinical practice. Taking into account the main 

limitations (e.g., cross-sectional study design, lack of control group, mainly using 

self-report questionnaires), the studies in this thesis support the disabling role of 

anxiety as suggested by the FA model and its potential additive value across 

*
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various study populations. Our studies extend the FA model now to MS, mild to 

severe TBI, and PCS-like symptoms in healthy adults. Furthermore, our studies 

reveal that elements of the FA model (e.g., catastrophizing and fear-avoidance) 

predict the main outcome (e.g., behavioral avoidance and chronic disability) over 

and above established biomedical (e.g., injury severity indexes), personal (e.g., 

sex, age) and/or psychological predictors (e.g., psychological treatment history). 

Taking into account that the FA model would not be applicable to all patients and 

longitudinal and treatment studies are warranted, the current findings implicate 

that researchers and clinicians should consider the PCS-related FA model as 

possible theoretical understanding of prolonged recovery of patients struggling 

with PCS. 
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Samenvatting 

Ondanks dat de meeste mensen na licht traumatisch hersenletsel (licht THL) 

volledig herstellen, ervaart ongeveer 20% 3 maanden of langer post-

commotionele symptomen (PCS). PCS omvatten fysieke (bijv. hoofdpijn), 

cognitieve (bijv. geheugenklachten), emotionele (bijv. depressieve klachten) en/of 

gedragsmatige (bijv. prikkelbaarheid) symptomen. Gezien de grote impact voor 

het individu en diens omgeving, het aantal mensen dat een beroep doet op zorg 

en ondersteuning en de hoge kosten van suboptimaal herstel voor de 

maatschappij (door bijv. geen of gedeeltelijke terugkeer naar werk), proberen veel 

onderzoekers inzicht te krijgen in de ontwikkeling van PCS. Ondanks vele pogingen 

en technische ontwikkelingen dusver, ontbreekt een eenduidige verklaring voor 

het ontstaan van PCS. Eerdere onderzoeken hebben aangetoond dat biomedische 

kenmerken (bijv. ernst van hersenletsel) op zichzelf niet in staat zijn suboptimaal 

herstel te voorspellen en introduceren psychologische kenmerken (bijv. angst) als 

belangrijke toevoeging. Recente systematische literatuuronderzoeken stellen een 

biopsychosociale benadering voor (oftewel het combineren van biomedische en 

psychosociale kenmerken) en benadrukken angst, gedachtes over symptomen en 

een negatieve cirkel die zichzelf in stand houdt als mogelijke kernelementen om 

PCS te begrijpen. 

Een biopsychosociaal model, dat de rol van angst centraal stelt en PCS 

verklaart middels een negatieve cirkel die zichzelf in stand houdt, is het 

vreesvermijdingsmodel. Het vreesvermijdingsmodel is oorspronkelijk ontwikkeld in 

1995 om chronische pijn aan het bewegingsapparaat (bijv. lage rugpijn) te 

verklaren en is sindsdien toegepast bij verschillende patiëntenpopulaties. Als dit 

model wordt toegepast op PCS na licht THL, zou dit betekenen dat patiënten hun 

symptomen foutief interpreteren als teken van breinschade waar ze weinig tot 

geen controle over hebben. Zulke catastroferende gedachten kunnen dan 

uitbreiden naar angst en het vermijden van mentale activiteiten, geïntroduceerd 

als “cognifobie” (zoals “kinesiofobie” of bewegingsangst bij chronische pijn). Dit 

leidt vervolgens tot lagere activiteitenniveaus wat uiteindelijk kan resulteren in 

minder het brein belasten, meer depressieve klachten en meer beperkingen. Dit 

kan dan weer de mate en ernst van PCS laten toenemen, waarmee de negatieve 

cirkel rond is en symptomen mogelijk verklaard zijn. Het hoofddoel van deze thesis 

*
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is om nieuwe inzichten te geven over blijvende symptomen na hersenletsel door 

het PCS-gerelateerde vreesvermijdingsmodel voor het eerst te onderzoeken. 

Hoofdstuk 1 geeft een meer uitgebreide achtergrond over de doelen van het 

onderzoek in deze thesis. 

In hoofdstuk 2 wordt de eerste verkenning van het vreesvermijdingsmodel 

bij een andere relevante hersenziekte, namelijk Multiple Sclerosis (MS), voortgezet 

door een crossvalidatie onderzoek. De resultaten tonen een succesvolle 

crossvalidatie van het aangepaste vreesvermijdingsmodel om vermoeidheid na MS 

te begrijpen. Catastroferen, depressie, fysieke beperking, ernst van de ziekte en 

vreesvermijding dragen allemaal significant bij aan vermoeidheid, waarmee de 

specifieke onderlinge relaties conform het vreesvermijdingsmodel worden 

ondersteund. De resultaten ondersteunen het idee dat catastroferen over 

vermoeidheid een centrale rol speelt: gevoed door depressie, mediëren 

catastroferende gedachtes de relatie tussen vermoeidheid en vermoeidheid-

gerelateerd vreesvermijdingsgedrag. Dit onderzoek benadrukt het belang van de 

invaliderende rol van psychologische kenmerken, zoals angst en gedachtes over 

symptomen, bij mensen met een neurologische aandoening. 

Om psychologische kenmerken bij patiënten met niet-aangeboren 

hersenletsel beter te begrijpen, staat in hoofdstuk 3 een longitudinale studie 

beschreven die onderzoekt of psychologische kenmerken stabiel blijven gedurende 

de eerste twee jaar na een beroerte. Resultaten laten zien dat de gerapporteerde 

niveaus op alle adaptieve psychologische kenmerken (bijv. proactieve coping, 

zelfeffectiviteit, optimisme, extraversie) afnemen, terwijl de gerapporteerde 

niveaus op de maladaptieve psychologische kenmerken (bijv. neuroticisme, 

pessimisme) toenemen of stabiel blijven (bijv. passieve coping) over tijd. Clinici 

zouden zich bewust moeten zijn van de impact van psychologische kenmerken op 

kwaliteit van leven, rekening houden met hun temporele (in)stabiliteit na een 

beroerte, en het gebruik van meer adaptieve psychologische kenmerken (zoals 

proactieve coping en optimisme) stimuleren. 

In hoofdstuk 4 beschrijven we een eerste verkenning van het PCS-

gerelateerde vreesvermijdingsmodel. Deze pilotstudie onderzoekt patiënten in de 

chronische fase na licht of matig tot ernstig THL. De resultaten tonen significante 

onderlinge relaties binnen het vreesvermijdingsmodel aan. Bovendien worden 
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aanpassingen van de vragenlijsten, die PCS-gerelateerd catastroferen en 

vreesvermijding meten, voorgesteld. De bevindingen laten zien dat toekomstige 

onderzoeken naar het vreesvermijdingsmodel om zo blijvende symptomen na THL 

beter te begrijpen gerechtvaardigd lijken. 

De suggesties voor aanpassing van de vragenlijsten, die PCS-gerelateerd 

catastroferen en vreesvermijding meten, werden verwerkt en resulteerden in een 

eerste onderzoek naar de psychometrische eigenschappen van de “Post-

Concussion Symptoms Catastrophizing Scale” (PCS-CS) en de “Fear of Mental 

Activity scale” (FMA). Ondanks dat toekomstige onderzoeken in 

patiëntenpopulaties nodig zijn, wordt een psychometrisch onderzoek in een niet-

hersenletsel populatie als belangrijke eerste stap gepresenteerd in hoofdstuk 5. 

De resultaten ondersteunen het idee dat de PCS-CS, FMA, en hun afkapwaardes 

betrouwbaar en valide gebruikt kunnen worden om PCS-gerelateerd catastroferen 

en vreesvermijding te meten. Bovendien worden normgegevens van een cohort 

werkende volwassenen gepresenteerd en worden grenswaardes gegeven voor 

een verhoogd niveau van catastroferen en vreesvermijding ten behoeve van 

onderzoeksdoeleinden en klinische gebruik. 

Om de verkenning van de validiteit van de PCS-gerelateerde 

vreesvermijding meetinstrumenten uit te breiden, onderzochten wij in hoofdstuk 

6 of vreesvermijding en catastroferen over mentale activiteiten gerelateerd was 

aan vermijdingsgedrag in een gezonde populatie. De resultaten van dit 

experimentele onderzoek laten zien dat catastroferen gerelateerd is aan 

gedragsmatig vermijden van mentale activiteiten in gezonde volwassenen. De 

resultaten tonen aan dat catastrofeerders minder tijd spenderen aan moeilijke 

cognitieve taken in vergelijking met makkelijke cognitieve taken. Dit komt overeen 

met de verwachte relatie tussen catastroferen en vreesvermijding volgens het 

vreesvermijdingsmodel en toont deze link op een gedragsmatig niveau aan. 

Bovendien wordt de meerwaarde van het vreesvermijdingsmodel naast bekende 

voorspellers ondersteund door de bevinding dat niveau van catastroferen, naast 

vrouwelijk geslacht, een significante voorspeller is voor de tijd die gespendeerd 

wordt aan moeilijke cognitieve taken. 

In hoofdstuk 7 onderzochten we de meerwaarde van het PCS-gerelateerde 

vreesvermijdingsmodel om de uitkomst na THL beter te begrijpen. Analyses laten 
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zien dat elementen van het vreesvermijdingsmodel (bijv. catastroferen en 

vreesvermijding) de voorspelling van de hoofduitkomstmaat (chronische 

beperkingen na THL) verbeteren in vergelijking met alleen bekende voorspellers 

(letsel gerelateerd zoals mate van ernst of demografisch zoals geslacht). Deze 

grootschalige Australische cross-sectionele studie bevestigt de meerwaarde van 

het PCS-gerelateerde vreesvermijdingsmodel naast bekende voorspellers om 

uitkomst na THL van alle mate van ernst te begrijpen. De resultaten impliceren dat 

het model mogelijk waardevol is als theoretisch model en als eerste opstap in 

zowel diagnostiek- als behandelfases. Tevens maken de resultaten het gebruik 

van de vragenlijsten in Engelstalige landen mogelijk. 

In hoofdstuk 8 rapporteren en integreren we alle onderzoeken die zijn 

gepresenteerd in deze thesis, inclusief de hoofdbevindingen, methodologische 

overwegingen, suggesties voor toekomstig onderzoek en aanbevelingen voor de 

klinische praktijk. Rekening houdend met de voornaamste beperkingen (bijv. 

cross-sectioneel onderzoeksdesign, ontbreken van een controlegroep, 

voornamelijk gebruik van zelfrapportage vragenlijsten), ondersteunen de 

onderzoeken in deze thesis de invaliderende rol van angst conform het 

vreesvermijdingsmodel en diens mogelijke verklarende waarde bij verschillende 

onderzoeksgroepen. Onze onderzoeken breiden het vreesvermijdingsmodel nu uit 

naar MS, licht tot ernstig THL, en post-commotioneel-achtige symptomen in 

gezonde volwassenen. Bovendien tonen onze onderzoeken aan dat elementen van 

het vreesvermijdingsmodel (bijv. catastroferen en vreesvermijding) de 

hoofduitkomstmaat (bijv. vermijdingsgedrag of chronische beperkingen) voorspelt 

naast gevestigde biomedische (bijv. ernst van hersenletsel), persoonlijke (bijv. 

geslacht, leeftijd) en/of psychologische voorspellers (bijv. psychologisch 

behandelverleden). Rekening houdend met het idee dat het 

vreesvermijdingsmodel niet toegepast zal kunnen worden op alle patiënten en 

longitudinale en behandelstudies nog nodig zijn, impliceren de huidige resultaten 

dat onderzoekers en clinici het PCS-gerelateerde vreesvermijdingsmodel kunnen 

overwegen als mogelijke theoretische verklaring voor stagnerend herstel bij 

patiënten met PCS. 
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Vragenlijsten PCS-CS en FMA 

 

Post-Concussion Symptoms Catastrophizing Scale (PCS-CS) 

N.B. Afname is bij voorkeur online omdat de antwoorden die worden gegeven op 

de RPQ (Rivermead Post-concussion symptoms Questionnaire) gebruikt worden in 

de afname van de PCS-CS en FMA. 

 

U heeft zojuist aangegeven geen van de gevraagde klachten als probleem te 

ervaren. 

Iedereen ervaart weleens hoofdpijn, cognitieve klachten en/of vermoeidheid. 

Mensen komen vaker in situaties die deze klachten veroorzaken. We zijn 

geïnteresseerd in de soort gedachten en gevoelens die u ervaart als u deze 

klachten heeft. In de onderstaande lijst staan dertien beweringen die verschillende 

gedachten en gevoelens beschrijven die mogelijk met deze klachten te maken 

hebben. Probeer aan te geven in welke mate deze gedachten en gevoelens ook 

voor u van toepassing zijn. 

 

OF 

 

U heeft aangegeven deze klachten te ervaren: 

“Symptomen worden ingevoegd met een item score op de RPQ van 2 of hoger” 

 

Iedereen ervaart weleens deze klachten of hoofdpijn, cognitieve klachten en/of 

vermoeidheid. Mensen komen vaker in situaties die deze klachten veroorzaken. 

We zijn geïnteresseerd in de soort gedachten en gevoelens die u ervaart als u 

deze klachten heeft. In de onderstaande lijst staan dertien beweringen die 

verschillende gedachten en gevoelens beschrijven die mogelijk met deze klachten 

te maken hebben. Probeer aan te geven in welke mate deze gedachten en 

gevoelens ook voor u van toepassing zijn. 

 

  

*
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Als ik deze klachten heb... Helemaal 
niet 

In lichte 
mate 

In zekere  
mate 

In grote 
mate Altijd 

1. vraag ik mij voortdurend 
af of de klachten zullen 
ophouden      

2. voel ik dat ik zo niet 
verder kan      

3. is dat verschrikkelijk en 
denk ik dat het nooit beter 
zal worden      

4. is dat afschuwelijk en voel 
ik dat de klachten mij 
overweldigen      

5. voel ik dat ik het niet 
meer uithoud      

6. word ik bang dat de 
klachten erger worden      

7. blijf ik denken aan andere 
situaties waarin deze 
klachten voorkomen      

8. verlang ik hevig dat de 
klachten weggaan      

9. kan ik de klachten niet uit 
mijn gedachten zetten      

10. blijf ik eraan denken hoe 
moeilijk het allemaal is      

11. blijf ik denken hoe graag 
ik zou willen dat de 
klachten ophouden      

12. is er niets dat ik kan doen 
om de intensiteit van de 
klachten te verminderen      

13. vraag ik mij af of er iets 
ernstigs kan gebeuren      
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Fear of Mental Activity scale (FMA) 

N.B. Afname is bij voorkeur online omdat de antwoorden die worden gegeven op 

de RPQ (Rivermead Post-concussion symptoms Questionnaire) gebruikt worden in 

de afname van de PCS-CS en FMA. 

 

U heeft zojuist aangegeven geen van de gevraagde klachten als probleem te 

ervaren.  

Iedereen ervaart weleens hoofdpijn, cognitieve klachten en/of vermoeidheid. Met 

deze vragenlijst willen wij onderzoeken op welke wijze u tegen deze klachten 

aankijkt en hoe u deze klachten ervaart. Het is de bedoeling dat u aangeeft in 

welke mate u het eens of oneens bent met elke bewering. Het is van essentieel 

belang dat u bij de beoordeling uitgaat van uw eigen gevoelens; wat anderen 

denken is hierbij niet relevant. Het is ook niet de bedoeling uw medische kennis te 

testen. Waar het om gaat is dat u aangeeft hoe u deze klachten ervaart. 

 

OF 

 

U heeft aangegeven deze klachten te ervaren: 

“Symptomen worden ingevoegd met een item score op de RPQ van 2 of hoger” 

 

Iedereen ervaart weleens deze klachten of hoofdpijn, cognitieve klachten en/of 

vermoeidheid. Met deze vragenlijst willen wij onderzoeken op welke wijze u tegen 

deze klachten aankijkt en hoe u deze klachten ervaart. Het is de bedoeling dat u 

aangeeft in welke mate u het eens of oneens bent met elke bewering. Het is van 

essentieel belang dat u bij de beoordeling uitgaat van uw eigen gevoelens; wat 

anderen denken is hierbij niet relevant. Het is ook niet de bedoeling uw medische 

kennis te testen. Waar het om gaat is dat u aangeeft hoe u deze klachten ervaart. 

 

  *
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Geef van onderstaande beweringen aan 
in welke mate u het eens of oneens bent 
met deze bewering. 

In hoge 
mate mee 

oneens 

Enigszins 
mee 

oneens 

Enigszins 
mee 
eens 

In hoge 
mate mee 

eens 

1. Ik ben bang om bij denkwerk 
hersenletsel op te lopen.     

2. Als ik deze klachten negeer, dan 
worden de klachten erger     

3. Mijn hoofd zegt me dat er iets 
gevaarlijks mis is.     

4. Mijn klachten zouden waarschijnlijk 
minder worden als ik hersentraining 
zou doen.     

5. Mijn gezondheidstoestand wordt door 
anderen niet serieus genomen.     

6. Door mijn klachten lopen mijn 
hersenen de rest van mijn leven 
gevaar.     

7. Deze klachten betekenen dat er 
sprake is van hersenletsel.     

8. Als mijn klachten erger worden door 
iets, betekent dat nog niet dat dat 
gevaarlijk is.     

9. Ik ben bang om per ongeluk 
hersenletsel op te lopen.     

10. De veiligste manier om te voorkomen 
dat mijn klachten erger worden, is 
gewoon oppassen dat ik geen onnodig 
denkwerk verricht. 

    

11. Ik had wellicht minder klachten als er 
niet iets gevaarlijks aan de hand zou 
zijn met mijn hersenen.     

12. Hoewel ik deze klachten heb, zou ik er 
beter aan toe zijn als ik denkwerk doe.     

13. Mijn klachten zeggen me wanneer ik 
moet stoppen met denkwerk om geen 
hersenletsel op te lopen.     

14. Voor iemand in mijn toestand is het 
echt af te raden om veel denkwerk te 
doe     

15. Ik kan niet alles doen wat gewone 
mensen doen, omdat ik te gemakkelijk 
hersenletsel oploop.     

16. Zelfs als ik ergens veel klachten door 
krijg, geloof ik niet dat dat gevaarlijk 
is     

17. Ik zou geen denkwerk hoeven doen 
wanneer ik deze klachten heb.     
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