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Abstract 

Background. The response to cognitive behavioral therapy (CBT) for chronic fatigue syndrome (CFS) 

varies greatly between patients, but predictors of treatment success remain to be elucidated. We aimed 

to identify patient subgroups based on fatigue trajectory during CBT, identify pre-treatment predictors 

of subgroup membership, and disentangle the direction of predictor – outcome relationships over time. 

Methods. 297 individuals with CFS were enrolled in a standardized CBT program consisting of 17 

sessions, with session timing variable between participants. Self-reported levels of fatigue, depressive, 

anxiety, and somatic symptoms, perceived stress, and positive affect were collected pre-treatment, and 

after 3, 10, and 15 sessions. Latent Class Growth Analysis (LCGA) was used to identify subgroups 

based on fatigue trajectories and baseline predictors of group membership. Cross-lagged structural 

equation models were used to disentangle predictor-outcome relationships.  

Results. LCGA identified four fatigue trajectory subgroups, which were labelled as  “no improvement” 

(23%), “weak improvement” (45%), “moderate improvement” (23%), and “strong improvement”  (9%) 

classes. Higher pre-treatment levels of depressive, anxiety, and somatic symptoms,  stress, and lower 

levels of positive affect predicted membership of the “no improvement” subgroup. Reductions in anxiety 

preceded reductions in fatigue, while the depressive symptoms – fatigue relationship was bidirectional.  

Conclusions. On a group level, there were statistically significant reductions in fatigue after 15 sessions 

of CBT, with important individual differences in treatment response. Higher pre-treatment levels of 

anxious, depressive, and somatic symptoms and perceived stress are predictors of lack of response, with 

reductions in anxiety and stress preceding improvements in fatigue. 

Keywords: chronic fatigue syndrome, cognitive behavioral therapy, predictors, cross-lagged panel 

models 
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Introduction  

Chronic fatigue syndrome (CFS) is a disorder characterized by chronic (> 6 months) and debilitating 

fatigue not alleviated by rest, significant reductions in activity levels, heightened physical and cognitive 

fatigability, post-exertional malaise, unrefreshing sleep, and complementary symptoms such as muscle 

pain, cognitive problems and allostatic intolerance. Prevalence of CFS in adults in Western countries 

and Asia ranges from 0.34 – 2.52% depending on the recruitment strategy and case definition used [1]. 

The exact mechanisms underlying CFS remain poorly understood, and no biomarkers or diagnostic tests 

for CFS have been identified. Accordingly, efficacy of both pharmacological and non-pharmacological 

treatments is limited [2,3], and current treatment guidelines for CFS are aimed at illness management 

through a multidisciplinary approach [4].  

Most researchers agree that an interaction of biological and psychological factors underlie 

symptom generation and perpetuation in CFS. Consequently, appropriately delivered cognitive 

behavioral therapy (CBT) is moderately effective in alleviating symptom burden and improving 

wellbeing and quality of life in individuals with CFS on a group level [5]. This is achieved by modifying 

cognitions and behaviours that contribute to symptom perpetuation, e.g. through pacing and energy 

management, reducing symptom focus and increasing self-efficacy, ultimately increasing activity levels 

and thereby decreasing perceived fatigue and functional limitations. However, response to CBT is very 

variable between patients, ranging from some patients reporting no benefit or even worsening of 

symptoms after CBT, to others no longer meeting diagnostic criteria for clinically relevant fatigue 

afterwards [6]. This heterogeneity in response to CBT is likely a reflection of the heterogeneity in both 

somatic symptomatology and underlying pathophysiological processes within the population of 

individuals with CFS [7,8] and is of utmost importance in the decision process concerning disease 

management. Identifying which patients respond best – and worst – to CBT is a crucial step in 

optimizing individually tailored care for individuals with CFS.  

While the majority of studies evaluating the efficacy of CBT for CFS focus on calculating 

treatment response at the group level and do not take individual differences and possible predictors of 

treatment response into account, some predictors of treatment response have been identified. In general, 

higher pre-treatment fatigue levels, high pain levels, older age, higher levels of non-fatigue symptoms, 

more depressive symptoms and longer symptom duration have consistently been associated with worse 

outcomes in individuals with CFS following CBT [9–16]. One study investigating subgroups in 

treatment response found that the group of poor responders was characterized by higher levels of 

symptom focus, anxiety, and pain [8]. Importantly, the studies that looked at predictors of treatment 

success were limited to measuring these variables only at baseline and using these baseline values as 

predictors in statistical analyses.  However, some of the variables that are thought to be predictive of 

treatment success (such as depressive or anxiety symptoms) are also subject to change during the course 

of CBT [5]. Consequently, analyses such as these make it impossible to deduce whether changes in, for 

instance, depression levels drive changes in fatigue levels or vice versa.  
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Given the current lack of understanding in the heterogeneity of response to CBT in individuals 

with CFS and the limited research on dynamic interrelationships between predictors of response and 

outcomes, the goal of the current study was threefold.  Aim 1 was to analyse symptom response during 

a course of standardized CBT in a group of individuals with CFS. Aim 2 was to identify subgroups 

based on fatigue trajectories during a course of standardized CBT, and baseline predictors of subgroup 

membership using latent class growth analysis. Aim 3 was to study the dynamic interrelationships 

between changes in psychological symptoms and fatigue during the course of standardized CBT in CFS 

using cross-lagged structural equation models.  

 

Materials and Methods 

Patients 

In this retrospective study, records of all patients enrolled in the government-reimbursed rehabilitation 

program for CFS developed by the Multidisciplinary Diagnostic Centre for CFS (MDC/CFS; Leuven, 

Belgium) in association with the University Hospitals Leuven (Leuven, Belgium) and University 

Psychiatric Centre KU Leuven (Leuven, Belgium) between January 2015 and June 2019 were 

investigated. Patients are included in the treatment program if they fulfil the 1994 CDC criteria for CFS 

[17] and report fatigue, rather than pain, to be their primary symptom. The diagnosis is given by a 

multidisciplinary team after thorough medical and psychiatric evaluation to exclude identifiable causes 

for the symptoms. Only individuals between 18 and 65 years old who completed the treatment program 

and who filled out the questionnaires at baseline and at least at one other occasion during the course of 

the treatment program were included in the analyses for this study. The primary purpose of administering 

these questionnaire was to report back to the National Institute for Health and Disability Insurance. The 

patients included in the study gave written informed consent for the use of their data for the 

abovementioned report, but not for the retrospective secondary data analysis reported in this paper. The 

study was approved by the Ethical Committee Research UZ/KULeuven (Ref. S67906).    

Treatment program 

Enrolled individuals followed a group psychoeducation session (one half day) and 17 individual 50-

minute government-reimbursed CBT sessions (15 regular sessions + 2 booster sessions). The treatment 

program was administered by an independent local licensed psychotherapist that followed the program 

guidelines as developed by the MDC/CFS. These guidelines are publicly available (only in Dutch) at 

https://www.riziv.fgov.be/SiteCollectionDocuments/cognitief_gedragstherapeut_cvs_therapieprotocol.

pdf. Participants of the treatment program were free to choose the time span in which these 17 sessions 

took place (in agreement with their psychotherapist), but the two booster sessions were always 

performed at least three months after the final regular session. The general goals of the individual CBT 

sessions were as follows: dosing and developing of a healthy, variable circadian rhythm adjusted to the 

individual’s capacity; learning how to cope with general and emotional illness perpetuating factors in 

https://www.riziv.fgov.be/SiteCollectionDocuments/cognitief_gedragstherapeut_cvs_therapieprotocol.pdf
https://www.riziv.fgov.be/SiteCollectionDocuments/cognitief_gedragstherapeut_cvs_therapieprotocol.pdf
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order to lessen the physical burden and improve acceptance; and changing important personal or familial 

illness perpetuating factors. When the first signs of recovery appeared, the focus shifted to increasing 

physical, social and mental workload. Throughout the process, individual vulnerabilities such as 

perfectionism or incapability of setting limits/borders were targeted as well. 

Measures  

Individuals enrolled in the treatment program filled out a questionnaire battery evaluating physical and 

mental health at first admission to the Multidisciplinary Diagnostic Center, as well as after three (follow-

up 1) and ten (follow-up 2) CBT sessions and after the end of treatment (after session 15, before the 

booster sessions). The following questionnaires were used in the secondary analyses reported in this 

paper: 

• The Checklist Individual Strength (CIS-20) [18] consists of 20 items scored on a 7-point Likert 

scale and measures several aspects of fatigue. Subscales include subjective fatigue experience, 

concentration, motivation and physical activity levels, with higher scores reflecting higher 

fatigue severity for all subscales. 

• The MOS 36-item Short Form Health Survey [19] (SF-36) consists of 36 items measuring 

health-related quality of life. A physical and mental composite score can be calculated 

(theoretical range 0 – 100) with higher scores indicating higher health-related quality of life. 

The composite scores are calculated in such a way that a score of 50 refers to an average healthy 

individual according to normative values [20].  

• The Patient Health Questionnaire-15 (PHQ-15) [21] was used to measure general somatic 

symptom severity. Respondents indicate to what extent they were bothered by each of the 15 

listed symptoms for the past four weeks on a scale from 0 to 2.  

• The Patient Health Questionnaire-9 (PHQ-9) [22] was used to measure severity of depressive 

symptoms. Respondents indicate the frequency of 9 symptoms of depression over the past two 

weeks on a scale from 0 to 3.  

• The Generalized Anxiety Disorder-7 (GAD-7) [23] was used to measure severity of anxiety 

symptoms. Respondents indicate the frequency of  anxiety symptoms over the past two weeks 

on a scale from 0 to 3. 

• The Perceived Stress Questionnaire (PSQ) [24] was used to measure daily perceived stress. The 

PSQ consists of 30 items that are rated on a 4-point Likert scale (range 1 - 4). A perceived stress 

index can be calculated by linearly transforming the total score to a score between 0 and 1.  

• The trait version of the Positive and Negative Affect Schedule (PANAS) [25] measures positive 

and negative affectivity. Respondents indicate how often (range 1 - 5) they experience 10 

positive and 10 negative emotions in daily life. Only the positive affect subscale was used in 

this study.  

Statistical analysis 
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Aim 1. Marginal linear mixed models were used to evaluate the general progress of the patients 

throughout the course of treatment with regards to the questionnaires listed above. In case of a significant 

main effect of time, all pairwise comparisons with Tukey-Kramer corrections were performed to specify 

at which timepoints the scores were significantly different from one another. The main outcome variable 

of interest was the total score of the CIS-20. For this variable we also investigated the number of patients 

that showed clinically relevant change in fatigue scores.  For this purpose, we calculated the reliable 

change index for the total score of the CIS-20, which indicates how great reduction in fatigue should be 

so that it’s unlikely to be due to measurement error based on the reliability of the CIS-20[26].   

Aim 2. Latent class growth analysis (LCGA) was used to identify different subgroups based on fatigue 

trajectories throughout the course of treatment using the SAS macro TRAJ [27].  In this data-driven 

analysis technique, individuals were clustered together based on their CIS-20 score before treatment 

(intercept) and change in fatigue (total CIS-20 scores) over time (linear and higher-order slopes), 

allowing the identification of different classes based on fatigue trajectory. The choice of the optimal 

number of classes was based on 3 criteria:  1) The Bayesian Information Criterion (BIC) of the model 

with k+1 classes must be lower than the BIC of the model with k classes. 2) Classes needed to contain 

minimally 5% of subjects. 3) Differences between classes needed to be interpretable. Once the optimal 

class solution was identified, risk factor analysis was performed to identify  whether pre-treatment scores 

on the PHQ-9, PHQ-15, GAD-7, PANAS and PSQ predicted class membership. Further, we used 

marginal linear mixed models to investigate whether fatigue trajectory class allocation was related to 

the changes in physical health-related quality of life (physical composite score of the SF-36) during the 

course of treatment (results in supplement).  

Aim 3. Cross-lagged structural equation models were used to investigate the directionality of 

effects between changes in the CIS-20 score on the one hand and changes in the predictors of treatment 

outcome identified in aim 2 (PHQ-9, PHQ-15, GAD-7, PANAS and PSQ scores) on the other hand. 

Specifically, these models test whether values of variable X at time T predict changes in values of 

variable Y at time T+1 and/or vice versa (cross-lagged relationships), while controlling for all auto-

regressive coefficients (i.e. stabilities over time) and within-time (i.e. cross-sectional) correlations [28]. 

Five cross-lagged models were investigated with variable X = CIS-20 scores and Y = PHQ-9, PHQ-15, 

GAD-7, PANAS, and PSQ scores respectively. All models were tested with different combinations of 

fixed and non-fixed cross-lagged paths, while auto-regressive paths were not fixed. Sensible auto-

regressive paths based on modification indices were included to achieve optimal fit. Detailed 

information on fit indices of the final cross-lagged models can be found in supplementary table 3.  The 

SAS-code of the final models reported in this paper is available at 

https://github.com/labgas/proj_CFS_treatment and can be used to identify the exact model structure and 

specifications for all variables.   

 

https://github.com/labgas/proj_CFS_treatment?fbclid=IwAR3o_Q5jwuRCIEvyTdKyQTN-960xb6lAJxM0O2DKeLs_fVeGt1btuGwrpqc
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     All analyses were performed with SAS 9.4 (SAS Institute, Cary, NC, USA). Only individuals who 

had completed the questionnaires before treatment (baseline) and at least one other occasion were 

included. Missing values were handled in all analyses by (full information) maximum likelihood 

estimation. 

Results 

Sample description and missing data 

The average age of the respondents was 40.9 years (SD = 9.7). The majority of respondents (n 

= 172, 57.9%) were not working due to their fatigue symptoms, 118 respondents (39.7%) worked 

fulltime or parttime, 2 (0.01%) did voluntary work, 3 (0.01%) were students, and 2 (0.01%) were retired. 

At the start of treatment, 118 respondents (39.7%) were taking antidepressants, 55 respondents (18.5%) 

were taking benzodiazepines and 35 respondents (11.8%) were taking opioids. The average symptom 

duration at the start of treatment was 5.2 years (SD = 5.5 years, range 0 – 50 years). The length of 

treatment (excluding booster sessions) was one average 8.3 months (SD = 2.2 months; range 4.3 – 21.3 

months, with 90% of respondents having completed the treatment between 5.9 and 11.7 months).  

For an overview of the frequency of completion rates (4, 3, or 2 out of 4 measurement moments) 

per fatigue trajectory class, see Table 1. For an overview of the completion rates of the questionnaires 

per measurement occasion, see supplementary table 1. Because the SF-36 and PSQ  were not part of the 

questionnaire battery at follow-up 1 and 2 until the end of 2016, the response rates for these 

questionnaires are lower. To investigate whether individuals with missing data differed in treatment 

response (CIS-20 scores) from individuals with complete data, binary variables were created for each 

questionnaire indicating whether the participant had data for all time points or not. Consequently we 

performed 7 mixed model analyses (one for each questionnaire) with CIS-20 scores as a dependent 

variable and time, the binary variable, and the time*binary variable interaction as independent variables. 

No significant effects of the binary variable were found (all p’s > 0.10) indicating that the missingness 

was not related to our main outcome of interest.  

 

Aim 1: Overall symptom development during course of treatment  (Table 2) 

As shown in Table 2, there were significant reductions in all aspects of fatigue, general somatic 

symptoms, depressive and anxiety symptoms, and perceived stress, as well as significant increases in 

physical health-related quality of life and positive affect at the group level. No changes in mental health-

related quality of life were found. Effect sizes were small to medium.  

Zooming in on our main outcome variable of interest, the total score of the CIS-20, the average 

score before treatment was 112.5 (SD = 13.6), which is close to the mean score of the population of 

individuals with CFS [18]. Although the reduction to 98.1 (SD = 25.5) after treatment was significant, 

this post-treatment average score is still well above the cut-off for clinically significant fatigue, which 

is 76 [29] – as shown in Figure 1. After treatment, 81.1% of the sample still experienced clinically 
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significant fatigue. The reduction in fatigue scores from pre- to post-treatment was considered reliable 

for 38.7% of individuals according to the Reliable Change Index [26].  

Aim 2: Subgroups in fatigue trajectory and risk factors 

Descriptives of all tested LCGA models on the total score of the CIS-20 can be found in 

Supplementary Table 2. The intercept and slope of the four classes in the selected LCGA solution can 

be found in Table 3 and a visual depiction of the four estimated fatigue trajectories can be found in 

Figure 2.  

Firstly, a non-improvement class, consisting of 23% of patients, could be identified. This class 

consisted of individuals that started the treatment with very high fatigue levels that did not improve 

throughout the course of treatments. Individuals in the three other classes had lower (compared to the 

non-improvement class) and similar (compared to each other) initial fatigue levels, but could be 

distinguished by the extent to which fatigue reduced over time (i.e. slopes). Amongst these classes an 

improvement class, that had large reductions in fatigue during the course of treatment, could be 

identified. However, this class only contained 9% of the included individuals. The remaining two classes 

consisted of a “moderate improvement” class (23% of included individuals) and a “weak improvement” 

class (45% of included individuals). Demographics and average questionnaire scores before treatment 

for the four classes can be found in Table 4.  There was a significant difference in age between the 

classes (F3,296 = 6.12, p < 0.001), with individuals in the non-improvement class being significantly older 

(M = 44.77, SD = 8.46) compared to weak (M = 40.68, SD = 9.28) and moderate (M = 37.87, SD = 

11.13) improvement classes. There were no differences in the distribution of sex between the different 

classes (X2 = 0.54, p = 0.91).   

Within the LCGA analysis, we investigated whether depressive, anxiety, and somatic symptom 

severity, positive affect, and perceived stress before treatment were predictors of class allocation. 

Because of the significant difference in age between classes, we controlled for age in these analyses. 

The non-improvement class was used as a reference class. The results are summarized in Table 5. In 

summary, higher levels of depressive and anxiety symptoms, somatic symptom severity, and perceived 

stress before treatment increased the chance of being allocated to the non-improvement class, and thus 

of having little reduction in fatigue throughout the course of treatment. Conversely, higher pre-treatment 

scores of positive affect significantly decreased the chance of being allocated to the non-improvement 

class.  

 

     Aim 3: Directionality of effects: cross-lagged analyses 

An overview of cross lagged models can be found in Figure 3. Cross-lagged analysis showed a 

significant bidirectional positive relationship between depressive symptoms and fatigue over time, 

indicating that lower levels of depressive symptoms predicted larger reductions in fatigue over time, 

while lower levels of fatigue predicted larger reductions in depressive symptoms over time (Fig. 3A). A 

similar bidirectional, but negative, relationship was found between positive affect and fatigue, indicating 
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that higher positive affect predicted larger decreases in fatigue over time and lower fatigue predicted 

larger increases in positive affect over time (Fig. 3B). Lower perceived stress (Fig. 3C) and lower anxiety 

(Fig. 3D) predicted larger reductions in fatigue over time, though fatigue did not predict changes in 

either anxiety or stress over time. In contrast, lower levels of fatigue predicted larger reductions in 

somatic symptom severity over time, but somatic symptom severity did not predict changes in fatigue 

over time (Fig. 3E).  

 

Discussion 

The aims of this study were 1) to analyse symptom response on the group level in individuals 

with CFS following a standardized CBT course, 2) to identify subgroups based on fatigue trajectories 

during this CBT course as well as baseline risk factors of poor response, and 3) to disentangle the 

directionality of relationships between psychological symptoms and fatigue levels during CBT. 

Questionnaire scores of 297 individuals with CFS, enrolled in a standardized CBT program, were 

investigated. On a group level we found statistically significant reductions in different aspects of fatigue, 

somatic symptom severity, anxiety, depressive symptoms, perceived stress and negative affect as well 

as statistically significant increases in physical health-related quality of life and positive affect during 

the course of treatment. The effect sizes were small to medium, with a medium-sized effect for the main 

variable of interest, the total score of the CIS-20, which measures different aspects of fatigue. This is 

comparable to the effect sizes reported in a recent meta-analysis studying the efficacy of CBT on fatigue 

levels [5], although effect sizes from this meta-analysis using randomized controlled trials cannot 

directly be compared to our naturalistic study without control group.  

As could be expected based on earlier treatment studies in CFS [6], more than 80% of patients 

in our study still met the cut-off for clinically significant fatigue after CBT. Figure 1 clearly indicates 

that inter-individual differences in fatigue levels in this sample became larger throughout the course of 

treatment, corroborating the heterogeneous response to treatment in this population and highlighting the 

need to identify predictors of treatment response. To achieve this, respondents were divided in different 

classes reflecting their fatigue trajectory during the course of CBT. We found that only a small minority 

of individuals with CFS showed strong reductions in fatigue throughout the treatment course, while 

almost a quarter of the sample - who also had higher fatigue scores before treatment - did not benefit 

from the treatment at all, at least in terms of fatigue levels. This finding is similar to findings reported 

by Cella et al., 2011 [8], who used comparable analysis techniques to investigate subgroups in treatment 

response. Moreover, our results indicated that higher levels of depressive, anxiety, and somatic 

symptoms, higher levels of perceived stress, and lower levels of positive affect before treatment are risk 

factors of poor treatment outcome. These results confirm previous findings on predictors of response to 

CBT in CFS, showing that patients with higher levels of psychiatric symptoms at baseline have a lower 

chance at recovery and symptom improvement[10,15,16].  
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Since depressive symptoms, stress, anxiety and positive affect are expected to change 

throughout the course of CBT, we carried out cross-lagged panel analysis to disentangle the 

directionality of effects between reductions in fatigue and the abovementioned “predictors”. 

Interestingly,  the cross-lagged analyses revealed that while reductions in anxiety and perceived stress 

preceded reductions in fatigue, reductions in fatigue preceded reductions in other somatic symptoms. 

The relationship between depressive symptoms and fatigue was bidirectional, indicating that reductions 

in fatigue and reductions in depressive symptoms reinforced each other, creating a positive spiral. The 

same was true for positive affect: increases in positive affect encouraged reductions in fatigue and vice 

versa.   

The components of the CBT protocol that was investigated here are in line with current guidelines for 

CFS management [4] and similar to CBT programs investigated in earlier prediction studies [8,12]. 

However, while our results show that 60-70% of the included individuals experience reductions in 

fatigue (weak, moderate, and strong improvement classes), for a majority of the patients fatigue levels 

do not end up below the cut-off of clinically problematic fatigue. Figure 1 and figure 2 clearly show that 

fatigue levels decline at different rates for different (classes) of individuals with CFS, and that there are 

still meaningful reductions in fatigue in between measurement moments 3 and 4 for a number of 

individuals. This might indicate that some individuals, particularly those in the weak and moderate 

improvement classes, may possibly benefit from a longer treatment or more CBT sessions than are 

currently offered in the investigated program – an observation that is supported by studies showing that 

CBT protocols that offer more sessions or a higher therapy dosage generally produce better results in 

CFS [5].  Additionally, other pharmacological and non-pharmacological interventions might be 

beneficial for specific subgroups of individuals with CFS. While the National Institute for Health and 

Care Excellence (NICE)4 guidelines state that there is no definitive cure for CFS, recommended 

interventions include personalized, supervised physical activity and exercise programs, advice on rest 

and sleep cycles, pharmacological symptom management, and dietary adjustments. 

A minority of the sample (23%) did not benefit from the treatment at all, both in terms of fatigue 

level (Figure 2) and in terms of health-related quality of life. The fact that individuals with higher 

depressive symptoms, anxiety, and stress at baseline had a higher chance of belonging to this group 

highlights the need to assess these factors before the start of treatment and take them into account during 

treatment individualization. Individuals with high levels of anxiety, depressive symptoms and stress 

might greatly benefit from incorporating strategies to reduce these factors into the treatment. While this 

is already the case in the Belgian program to a limited extent – e.g. anxiety is targeted by reducing 

avoidance strategies, depressive symptoms and stress are targeted by working on emotion regulation 

strategies and maladaptive cognitions) – there is certainly room for increased focus on individual 

vulnerabilities and perpetuating factors. If levels of psychological symptoms are so high they hamper 

progress during the treatment program, these symptoms may need to be targeted even before the 

individual enters the CFS program, which is primarily aimed at fatigue reduction. For instance, 
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individuals with high level of depressive symptoms might lack the motivation to apply learned strategies 

and skills to daily life (although it should be noted that individuals suffering from major depressive 

disorder are excluded from the program as this is considered a psychiatric cause for the fatigue). 

Similarly, individuals suffering from (severe) anxiety, whether it be in the form of more generalized 

anxiety or somatic symptom-specific anxiety, should be treated for this in a specialized environment. 

Whether psychological vulnerabilities have to be targeted before the start of a program aimed at fatigue 

reduction or incorporated in it, should be reviewed and decided on in a case-by-case manner, depending 

on the severity and exact content of the symptom. Additionally, the cross-lagged analysis showed that 

reductions in stress and reductions in anxiety preceded reductions in fatigue but not vice versa, indicating 

that it might be beneficial for individuals with high anxiety and stress levels to work on this before 

starting the CBT program focused on decreasing fatigue levels. Conversely, reductions in fatigue on the 

one hand and reductions in depressive symptoms and increases in positive affect on the other hand seem 

to reinforce one another, indicating that it might be beneficial to incorporate them in the program. 

However, given the observational design of the study and the absence of a no-treatment control group, 

these findings and their implications should be interpreted with caution.  

The current study has several notable strengths, including acknowledgment of the heterogeneity in 

treatment response, the large sample size, and the use of cross-lagged analysis to disentangle 

directionality of predictor – outcome relationships. Moreover, while most research tends to focus on risk 

factors for unfavourable outcomes, our study highlights the potential for positive affectivity as a 

protective factor. Importantly, this is – to our knowledge - the first study to explore the dynamic 

interrelationship between psychological predictors and fatigue over time in individuals with CFS 

undergoing CBT. As outlined above, these analyses provide us unique insights in the importance of 

addressing the right symptom at the right time. Additionally, the study’s robust sample of 297 patients 

were all diagnosed by a multidisciplinary team after thorough medical and psychiatric evaluation based 

on consistent criteria, ensuring the integrity of the sample.  

The current study suffers from some limitations that should be acknowledged. First of all, this 

is a secondary analysis on a dataset containing questionnaires filled out by a group of individuals with 

CFS in the context of a government-funded treatment program. This naturalistic setting has a few 

consequences: 1) we had no control over the used questionnaires and there were possibly other 

psychosocial factors that might play a large role in the perpetuation of symptoms (such as trauma, social 

support, etc) that we could not take into account, 2) there were no standardized intervals between therapy 

sessions or measurement moments, 3) there was no no-treatment control group. Additionally, although 

we have information on medication use, this was not controlled for during our analyses due to 

insufficient statistical power. Further, while this study investigated individual differences in treatment 

response, analyses were conducted at the group level. Alternative designs such as N = 1 designs might 

offer more in-depth insights in symptom fluctuation patterns and support the development of tailored 

interventions. Finally, our measurement of fatigue and its predictors was limited to a unimodal, self-
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reported approach. Future research should consider 1) multimodal assessment of fatigue, incorporating 

ambulatory measures to assess fatigue and activity in daily life, as well as more objective endurance 

tests, and 2) including a wider spectrum of biopsychosocial predictors to capture the heterogeneity of 

CFS pathophysiology. 

In summary, the current study highlights large interindividual differences in the effect of CBT on fatigue 

levels in individuals with CFS. The findings suggest that higher psychological symptom levels predict 

poorer outcomes after CBT, with reductions in anxiety and stress appearing to precede improvements 

in fatigue. Patients presenting with elevated psychological symptoms may benefit from integrating 

strategies aimed at addressing these factors as part of their treatment. 
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Tables 

Table 1. Questionnaire completion rates (number of participants that filled out this questionnaire at 2, 

3, or 4 out of 4 measurement moments) by fatigue trajectory class.  

 

Total sample 

Non-

improvement 

class (23%) 

Improvement 

class (9%) 

Moderate 

improvement 

class (23%) 

Weak 

improvement 

class (45%) 

CIS-20 4: 121 4: 25 4: 13 4: 30 4: 53 
3: 120 3: 27 3: 8 3: 23 3: 62 
2: 52 2: 13 2: 3 2: 11 2: 25 

PHQ-9 4: 125 4: 26 4: 13 4: 30 4: 56 
3: 113 3: 24  3: 9 3: 22 3: 58 
2: 57 2: 16 2: 2 2: 12 2: 27 

PHQ-15 4: 125 4: 26 4: 13 4: 30 4: 56 
3: 116 3: 24 3: 9 3: 23 3: 60 
2: 55 2: 16 2: 2 2: 12 2: 25 

GAD-7 4: 123 4: 26 4: 13 4: 28 4: 56 
3: 119 3: 25 3: 9 3: 25 3: 60 
2: 52 2: 15 2: 2 2: 11 2: 24 

PANAS 4: 107 4: 22 4: 8 4: 29 4: 48 
3: 121 3: 28 3: 13 3: 21 3: 59 
2: 57 2: 10 2: 1 2: 13 2: 33 

PSQ 4: 39 4: 7 4: 1 4: 14 4: 17 
3:54 3: 14 3: 2 3: 10 3: 28 
2:145 2: 31 2: 15 2: 28 2: 71 

SF-36 4: 42 4: 8 4: 1 4: 15 4: 18 
3:49 3: 12 3: 2 3: 9 3: 26 
2:139 2: 30 2: 12 2: 27 2: 70 

Note: CIS-20: Checklist Individual Strength. SF-36: MOS 36-Item Short-Form Health Survey. PHQ-

15: Patient Health Questionnaire – 15 (somatic symptom severity). PHQ-9: Patient Health 

Questionnaire – 9 (depressive symptom severity). GAD-7: Generalized Anxiety Disorder – 7. PSQ: 

Perceived Stress Questionnaire. PANAS: Positive and Negative Affect Schedule. 
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Table 2. Average questionnaire scores of chronic fatigue syndrome patients following cognitive 

behavioral therapy before, during, and after treatment 

 Before 

treatment 

Follow-up 1 Follow-up 2 After 

treatment 

   

 Mean SD Mean SD Mean SD Mean SD F p η2 

CIS-20 

Fatigue 51.4a 4.8 48.3b 8.2 46.6c 9.3 44.4d 11.

0 

36.05 <0.001 0.08 

Motivation 17.7a 5.8 17.5a 6.0 16.5b 6.0 16.0b 6.4 6.43 <0.001 0.02 

Concentration  27.4a 6.0 25.5b 6.8 25.2b 7.1 23.9c 7.8 14.50 <0.001 0.04 

Activity 16.0a 4.6 14.7b 5.3 14.2bc 5.0 13.8c 5.3 12.86 <0.001 0.03 

Total 112.5a 13.

6 

104.0b 19.

7 

102.6c 21.

6 

98.1d 25.

2 

25.85 < 0.001 0.06 

SF-36  

Physical 31.6a 8.3 31.3a 6.6 33.5b 7.7 35.3b 8.9 12.81 <0.001 0.03 

Mental  37.7 11.

6 

39.5 11.

1 

39.00 11.

3 

39.8 12.

2 

1.20 0.31 0.00 

PHQ-15 16.7a 4.7 16.8b 4.9 15.2bc 5.0 15.0c 5.7 12.00 <0.001 0.03 

PHQ-9 12.8a 4.5 11.3b 5.2 10.5c 5.2 9.4d 5.6 25.08 < 0.001 0.06 

GAD-7 11.6a 5.9 8.5b 4.7 7.4c 5.0 7.1c 5.0 41.38 <0.001 0.09 

PSQ 

Perceived stress index 0.53a 0.1

8 

0.51ab 0.1

6 

0.49bc 0.1

7 

0.46c 0.2

0 

7.23 0.001 0.02 

PANAS  

Positive affect 22.7 6.2 22.4 6.5 23.5 7.2 25.2 7.4 11.95 <0.001 0.03 

Negative affect 22.9 8.0 23.2 8.0 21.9 8.0 21.3 7.3 4.85 0.003 0.01 

Note: numbers in the same row with the same superscript are not significantly different from one 

another. CIS-20: Checklist Individual Strength. SF-36: MOS 36-Item Short-Form Health Survey. PHQ-

15: Patient Health Questionnaire – 15 (somatic symptom severity). PHQ-9: Patient Health 

Questionnaire – 9 (depressive symptom severity). GAD-7: Generalized Anxiety Disorder – 7. PSQ: 

Perceived Stress Questionnaire. PANAS: Positive and Negative Affect Schedule. 

 

 

Table 3. Intercept (initial fatigue score) and slope (change in fatigue score) of the different fatigue 

trajectories of chronic fatigue syndrome patients following cognitive behavioral therapy as estimated by 

latent class growth analysis.  

Class 
Nr. of 

patients (%) 

Intercept Slope Slope 

p-value Mean SE Mean SE 

Non-improvement 66 (23%) 123.98c 1.75 1.01d 0.89 0.25 

Improvement 24 (9%) 107.68ab 2.51 -20.86b 1.45 < 0.001 

Moderate improvement 66 (23%) 100.79a 2.34 -6.25a 1.09 < 0.001 

Weak improvement 142 (45%) 112.39b 1.37 -3.16c 0.76 < 0.001 

Note: numbers in the same column with the same superscript are not significantly different from one 

another. SE: standard error. Fatigue was quantified as the total score of the Checklist Individual 

Strength. 
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Table 4. Demographics and average questionnaire scores before treatment of the different fatigue 

trajectory classes of chronic fatigue syndrome patients following cognitive behavioral therapy as 

estimated by latent class growth analysis. 

 

Non-

improvement 

class (23%) 

Improvement 

class (9%) 

Moderate 

improvement 

class (23%) 

Weak 

improvement 

class (45%) 

Statistic p-value 

% Women 87.9% 87.5% 84.8% 84.4% χ²(3)= 0.54 0.91 

 Mean SD Mean SD Mean SD Mean SD   

Age 44.8a 8.5 39.8ab 7.5 37.9b 11.1 40.7b 9.3 F3,293 = 6.12 < 0.001 

Symptom duration 5.5 5.3 5.4 5.1 5.2 5.6 5.1 5.7 F3,291 = 0.10 0.96 

CIS-20 124.8a 9.0 113.6b 14.0 101.1c 12.9 112.0b 10.7 F3,280 = 47.4 < 0.001 

SF-36 physical 30.9 9.3 31.9 10.3 33.4 8.2 30.8 7.5 F3,249 = 1.54 0.20 

SF-36 mental 34.0a 11.7 36.0ab 13.6 40.0b 10.2 38.5ab 11.6 F3,249 = 2.95 0.03 

PHQ-15 18.0 4.9 16.4 5.6 16.2 4.4 16.4 4.6 F3,290 = 1.90 0.13 

PHQ-9 15.4a 4.9 12.1b 5.1 11.4b 4.2 12.4b 4.4 F3,289 = 9.82 < 0.001 

GAD-7 13.3 5.3 11.2 6.5 10.7 5.8 11.2 6.0 F3,290 = 2.67 0.048 

PSQ index 0.60a 0.19 0.52ab 0.18 0.47b 0.17 0.52b 0.16 F3,261 = 5.37 0.001 

PANAS – positive 20.0a 6.2 23.5abc 8.0 25.6b 6.0 22.6c 5.6 F3,256 = 8.74 < 0.001 

Note: numbers in the same row with the same superscript are not significantly different from one 

another. CIS-20: Checklist Individual Strength. SF-36: MOS 36-Item Short-Form Health Survey. PHQ-

15: Patient Health Questionnaire – 15 (somatic symptom severity). PHQ-9: Patient Health 

Questionnaire – 9 (depressive symptom severity). GAD-7: Generalized Anxiety Disorder – 7. PSQ: 

Perceived Stress Questionnaire. PANAS: Positive and Negative Affect Schedule 

 

Table 5. Risk factors for being allocated to the improvement, moderate improvement, and weak 

improvement classes relative to the non-improvement class for fatigue trajectories of chronic fatigue 

syndrome patients following cognitive behavioral therapy. 

 Improvement Moderate improvement Weak improvement 

β SE p β SE p β SE p 

Depressive symptoms -0.11 0.06 0.057 -0.27 0.07 <0.001 -0.16 0.04 <0.001 

Somatic symptom severity -1.6 1820 <0.99 -0.13 0.05 0.009 -0.11 0.04 0.004 

Anxiety symptoms -0.07 0.05 0.14 -0.11 0.04 0.012 -0.07 0.03 0.029 

Positive affect 0.17 0.05 <0.001 -1.24 3679 <0.99 0.10 0.04 0.005 

Perceived stress -2.71 1.79 .13 -5.56 1.54 <0.001 -3.32 1.24 0.008 
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Note. Depressive symptoms: Patient Health Questionnaire – 9 score. Somatic symptom severity : Patient 

Health Questionnaire – 15 score. Anxiety symptoms: Generalized Anxiety Disorder – 7 score. Positive 

affect: Positive affect subscale of the Positive and Negative Affect Schedule. Perceived Stress: perceived 

stress index derived from the Perceived Stress Questionnaire. For the improvement and moderate 

improvement classes an extremely large standard error was found for positive affect and somatic 

symptom severity respectively, indicative of an irregularity in the model.   


