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Abstract

Background: Cognitive behavioural therapy for fatigue (CBT-F) and insomnia (CBT-I) are effective
therapies. Little is known on their effectiveness when severe fatigue and insomnia co-occur.

Aims: This observational study investigated whether the co-occurrence of fatigue and insomnia influences
the outcomes of CBT-F and CBT-I. Furthermore, it was determined if changes in fatigue and insomnia
symptoms are associated, and how often the co-occurring symptom persists after CBT.

Method: Patients with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS, n = 241) received
CBT-F and patients with insomnia disorder (n = 162) received CBT-I. Outcomes were fatigue severity
assessed with the subscale of the Checklist Individual Strength (CIS-fat) and insomnia severity assessed
with the Insomnia Severity Index (ISI). In each cohort, treatment outcomes of the subgroups with and
without co-occurring symptoms were compared using ANCOVA. The association between changes in
insomnia and fatigue severity were determined using Pearson’s correlation coefficient.

Results: There were no differences in treatment outcomes between patients with and without co-occurring
fatigue and insomnia (CBT-F: mean difference (95% CI) in CIS-fat-score 0.80 (—2.50-4.11), p = 0.63,
d = 0.06; CBT-I: mean difference (95% CI) in ISI-score 0.26 (—1.83-2.34), p = 0.80, d = 0.05). Changes
in severity of both symptoms were associated (CBT-F: r = 0.30, p < 0.001, CBT-I: r = 0.50, p < 0.001).
Among patients no longer severely fatigued after CBT-F, 31% still reported insomnia; of those without
clinical insomnia after CBT-I, 24% remained severely fatigued.

Conclusion: CBT-F and CBT-I maintain their effectiveness when severe fatigue and insomnia co-occur.
Changes in severity of both symptoms after CBT are associated, but the co-occurring symptom can persist
after successfully treating the target symptom.

Keywords: cognitive behavioural therapy; co-morbidity; fatigue; insomnia; myalgic encephalomyelitis; sleep

Introduction

Severe fatigue and insomnia are common symptoms in many long-term medical conditions
(Budhiraja et al., 2011; Menting et al., 2018; Sarsour et al., 2010). Fatigue is the central feature of
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myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), which is characterised by severe
and persistent medically unexplained fatigue leading to functional impairment (Fukuda et al.,
1994; Reeves et al., 2003). Insomnia is central to insomnia disorder (ID), which is defined as
persistent complaining of dissatisfaction with sleep quantity or quality, with significant related
daytime consequences (American Academy of Sleep Medicine, 2014). Both conditions have an
adverse impact on health and societal costs (Daley et al., 2009; Katz and McHorney, 2002; Morroy
et al., 2016; Sarsour et al., 2011). Severe fatigue and insomnia often co-occur; 89% of ME/CFS
patients report insomnia symptoms (Fossey et al., 2004) and 74% of ID patients report severe
fatigue (Van Houdenhove et al., 2011).

Both fatigue and insomnia are symptoms with multi-factorial origins. Cognitive behavioural
models of fatigue and insomnia do not make assumptions about the aetiology of symptoms, but
rather postulate cognitive behavioural factors that can maintain the symptom (Harvey, 2002;
Spielman et al., 1996; Vercoulen et al., 1998). There is considerable overlap in these models.

For example, a disrupted sleep-wake rhythm with napping during the day is assumed to
maintain fatigue, but is also thought to perpetuate insomnia (Harvey, 2002; Spielman et al., 1996;
Vercoulen et al., 1998). As a result, CBT for fatigue (CBT-F) and insomnia (CBT-I) have certain
elements in common (Knoop and Bleijenberg, 2010; Verbeek and van de Laar, 2015): they overlap
with regard to sleep interventions aimed at restoring the circadian rhythm and improving sleep
hygiene. Other than these, CBT-I does not include further elements of CBT-F or vice versa. For a
comprehensive description of the elements of both therapies, see Appendix A.

Both CBT-F and CBT-I are effective interventions leading to a reduction of their target
symptom following treatment (Adamson et al., 2020; Castell et al., 2011; Malouff et al., 2008; van
Straten et al., 2018; Wiborg et al., 2015). Yet do these therapies retain their effectiveness when
severe fatigue and insomnia co-occur? There are indications that CBT-I remains effective for
patients with severe fatigue (Ramfjord et al., 2023). Whether CBT-F remains effective in treating
fatigue in the presence of co-morbid insomnia has not been investigated before. Co-morbid
insomnia might negatively influence the treatment outcome of CBT-F as this has been shown to be
the case with mental disorders (Seow et al., 2018).

Evidence exists that, apart from treating their target symptom, CBT-F and CBT-I can also have
a positive effect on co-occurring symptoms. CBT-F can lead to improvements in subjective sleep
quality in patients with ME/CES (Russell et al., 2017) and CBT-I to moderate improvements in
fatigue (Benz et al., 2020). However, in these previous studies no information was available as to
whether the co-occurring symptom (respectively insomnia and fatigue) was present at a clinically
relevant level post-treatment. This would be important to know, as additional interventions may
still be required.

The first aim of this study was to determine whether the co-occurrence of severe fatigue and
insomnia influences treatment outcomes of CBT-F and of CBT-I on their target symptom. The
second aim was to determine whether changes in fatigue and in insomnia are correlated in CBT-F
and in CBT-I. The third aim was to investigate how many patients still report clinically relevant
levels of the co-occurring symptom post-treatment when the target symptom is no longer present
at a clinically relevant level. We investigated the effects of CBT-F on patients with ME/CFS and the
effects of CBT-I on patients with ID.

Method
Study design

This was an observational study conducted in routine clinical care, with a pre- and post-treatment
study design. We used data from two cohorts of patients: (1) a cohort with fatigue as primary
complaint: patients with a primary diagnosis of ME/CES treated with CBT-F; and (2) a cohort
with insomnia as primary complaint: patients with a primary diagnosis of ID treated with CBT-I.
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In each cohort we compared subgroups of patients experiencing only the primary symptom with
those reporting co-occurrence of severe fatigue and insomnia at baseline.

Participants

Group with fatigue as primary complaint

Data from 241 ME/CFS patients were used, collected as part of routine clinical care at a tertiary
chronic fatigue treatment centre at the Amsterdam University Medical Centre, The Netherlands.
Consecutively referred patients aged > 18 years, who (1) met the Centers for Disease Control and
Prevention (CDC) case definition for ME/CFS, revised in 2003 (Reeves et al., 2003), (2) scored >
35 on the subscale fatigue of the Checklist Individual Strength (CIS-fat) and scored > 700 on the
Sickness Impact Profile-8 (SIP-8), (3) started CBT-F between July 2019 and December 2022 and
(4) followed at least two sessions of CBT-F, were included. According to the CDC case definition
of ME/CFS, a somatic explanation for fatigue was ruled out. The presence of clinical insomnia was
not an inclusion criterion.

Of the 241 included patients, 175 (73%) also met the recently formulated case definition
Systemic Exertion Intolerance Disease (SEID) criteria (Clayton, 2015) proposed by the Institute of
Medicine (IOM) as an alternative for the CDC case definition. See Appendix B for descriptions of
the two different case definitions. Of the 241 included patients, 233 (97%) completed the CIS-fat
post-treatment and 221 (92%) the Insomnia Severity Index (ISI). There was no statistically
significant difference between the patients who did and did not fill out the questionnaires post-
treatment on any of the demographic or clinical variables at baseline or on number of treatment
sessions.

Group with insomnia as primary complaint

Data from 162 ID patients were used, collected as part of routine clinical care at the Department of
Medical Psychology of the Multidisciplinary Sleep-Wake Centre of Hospital Gelderse Vallei, Ede,
The Netherlands. Consecutively referred patients aged >18 years who (1) met the criteria for ID
according to the International Classification of Sleep Disorders-3 (ICSD-3) (American Academy
of Sleep Medicine, 2014), (2) scored > 10 on the ISI (Morin et al, 2011), (3) started CBT-I
between October 2018 and December 2021, and (4) followed at least two session of CBT-I, were
included. The presence of severe fatigue was not an inclusion criterion.

Of the 162 included patients, 142 (88%) completed the CIS-fat post-treatment and 141 (87%)
completed the ISI. Those who filled out the questionnaires post-treatment had significantly more
CBT-I sessions than those who did not (M = 5.5, SD = 1.5 vs M = 6.7, SD = 0.6 sessions,
p < 0.001). They did not differ at baseline on any of the demographic or clinical variables.

Interventions

CBT-F was provided according to the protocol of CBT for ME/CFS (Knoop and Bleijenberg,
2010), which included modules on goal setting, sleep—wake pattern, helpful thinking with respect
to fatigue and the ability to become more active, graded activity and realising goals. Optional
modules on social support and pain coping were also available. CBT-I was provided according to
the Dutch CBT-I protocol (Verbeek and van de Laar, 2015), which included goal setting, psycho-
education on sleep and sleep hygiene, behavioural techniques, and helpful thinking with respect to
sleep and relaxation. For a detailed description of the content of CBT-F and CBT-I, see
Appendix A.

Both CBT-F and CBT-I were delivered by psychologists. CBT-F was delivered individually and
started with a face-to-face intake. Treatment was provided blended, i.e. a combination of
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face-to-face consultations, video consultations and email contact. Treatment duration according
to protocol is 6-9 months, usually 14 sessions, the first sessions weekly.

CBT-I was delivered in a group format with 3-10 participants. There were six weekly sessions
of CBT-I of 75-120 minutes, depending on the group size. A final, seventh session of the CBT-I
was scheduled 4-6 weeks later as a booster. During the COVID-19 regulations, CBT-F and CBT-I
were delivered via video consultations. Previous studies have shown that video consultation and
online therapy interventions are effective therapy formats for CBT-F and CBT-I (Boinon et al.,
2021; Janse et al., 2018).

Measures

Fatigue and insomnia severity were assessed before the start of the treatment and post-treatment.
All measures were self-reported, either by paper and pencil, or online.

Demographics

We obtained data on sociodemographic variables (age, gender, medical co-morbidity) and use of
sleep medication from medical records.

Fatigue severity

Fatigue was assessed with the CIS-fat (Worm-Smeitink et al., 2017). The subscale consists of eight
items scored on a 7-point Likert-scale (total score range from 8 to 56). Patients rate fatigue severity
experienced in the previous 2 weeks. A total score of > 35 indicates the presence of severe fatigue
(Worm-Smeitink et al., 2017).

Insomnia severity

Insomnia severity was measured with the ISI (Morin et al., 2011), a 7-item questionnaire scored
on a 5-point Likert scale reflecting the self-reported severity of both night-time and daytime
aspects of insomnia disorder in the previous 2 weeks. Total scores range from 0 (no insomnia) to
28 (severe insomnia). A total score of > 10 is used to define clinical insomnia (Buysse et al., 2006).

Sample size

We powered the study on the first research question. In order to detect a medium difference
(Cohen’s d = 0.5) in post-treatment fatigue/insomnia severity between the co-occurrence
subgroup and the no co-occurrence subgroup at baseline with 80% power and a 2-sided alpha of
0.05, we would need a total sample size of 64 patients per subgroup in each of the two patient
groups (Johnson et al., 2016).

Statistical analysis

Statistical analyses were performed using SPSS 28.0 (SPSS Inc. Chicago, IL, USA). Each patient
group was divided in two subgroups: a subgroup with only the target symptom at a clinically
relevant level and a subgroup with clinical levels of co-occurring fatigue (CIS-fat > 35) or
insomnia (ISI > 10) at baseline. Demographics, clinical characteristics and outcomes are
presented in means (standard deviations) and numbers (percentages) depending on their
distribution. We used chi-square tests and t-tests to compare the subgroups in each patient group.
In the case of significant differences in any of the demographic variables we controlled for that
variable in the subsequent analysis.
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To investigate whether treatment outcomes differed between subgroups, we used analysis of
covariance (ANCOVA) with the subgroup as the independent variable and baseline scores as
covariates. We calculated mean between group differences with 95% confidence intervals (CI).
Mean between-group differences in fatigue and insomnia severity were expressed in Cohen’s d
effect size by dividing the mean difference by the pooled standard deviation post-treatment, with
values of 0.2, 0.5 and 0.8 indicating a small, moderate and large effect, respectively (Cohen, 1992).
We checked whether violations of assumptions of normality, linearity and homoscedasticity were
present. To investigate whether treatment outcomes between subgroups differed in terms of the
presence of the target symptom (yes/no) post-treatment, we used logistic regression analysis with
the subgroup as independent variable.

To investigate whether a change in the co-occurring symptom (when severe at baseline) was
related to a change in the target symptom, we correlated the change scores from insomnia and
fatigue by calculating the Pearson correlation coefficient (r).

In the group of patients no longer experiencing the target symptom post-treatment, we
calculated the prevalence of patients still reporting clinically relevant levels of the co-occurring
symptom post-treatment.

Multiple imputation was used to account for participants who had missing values post-
treatment. The imputation model included gender, age, number of treatment sessions, medical co-
morbidity, medication use (for the ID patients), presence of the co-occurring symptom at a
clinically severe level and the outcome variables pre- and post-treatment and their change scores.
A total of five datasets were imputed and were pooled according to Rubin’s rules (Rubin, 1987).

We analysed data separately for ME/CFS patients meeting SEID criteria (Clayton, 2015).
Outcomes for patients meeting the SEID criteria that were significantly different from the
outcomes of all included ME/CES patients were reported. p-values of < 0.05 (2-tailed) were
considered to be statistically significant.

Results
Participants

Table 1 presents the demographic and clinical characteristics and treatment duration of the ME/CFS
group and the ID group, both divided into two subgroups with and without co-occurring symptoms.
Appendix C presents the prevalence of medical conditions according to the 11th revision of the
International Classification of Diseases (ICD-11) (World Health Organization, 2022).

Group with fatigue as primary complaint: ME/CFS

Of the 241 patients, 159 (66%) reported co-occurring clinical insomnia (ISI > 10) at baseline and
82 (34%) did not. The mean (SD) insomnia severity in the subgroup with co-occurring insomnia
was 15.31 (SD = 3.87) on the IS], indicative of moderate insomnia (ISI > 14) (Morin et al., 2011).
As part of clinical care all ME/CFS patients were asked to stop any sleep medication, so sleep
medication use was absent in this group. They reported 0-3 medical co-morbidities, including co-
morbid sleep-related breathing disorders (n = 6; 2%) and restless legs syndrome (n = 2; 1%); see
Appendix C. The patients reporting co-occurring clinical insomnia at baseline were older
(p = 0.04) than the patients without clinical insomnia at baseline, but there were no differences in
other patient characteristics or in number of treatment sessions (range 4-38). We controlled for
age in the subsequent analyses.

Group with insomnia as primary complaint: ID

Of the 162 patients, 117 (72%) reported co-occurring severe fatigue (CIS-fat > 35) at baseline and
45 (28%) did not. The mean (SD) fatigue severity in the subgroup with co-occurring severe fatigue
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Table 1. Demographic and clinical characteristics at baseline and treatment duration of the ME/CFS and the ID group, divided in subgroups of co-occurring severe fatigue and insomnia
versus no co-occurring symptoms

ME/CFS (n = 241) ID (n = 162)
1. Fatigue 2. Fatigue and insomnia 1. Insomnia 2. Insomnia and fatigue

n = 82 (34%) n = 159 (66%) p-value n = 45 (28%) n = 117 (72%) p-value
Age, mean (£SD) 33.16 (11.71) 36.45 (12.03) 0.04 57.31 (10.98) 49.02 (14.10) 0.000*
Female, n (%) 67 (81.71%) 120 (75.47%) 0.27 25 (55.56%) 74(64.10%) 0.37
Insomnia severity (ISI), mean (+SD) 5.65 (2.74) 15.31 (3.87) < 0.001* 16.16 (3.57) 18.03 (3.46) 0.002*
Fatigue severity (CIS-fat), mean (+SD) 49.57 (5.25) 49.55 (5.68) 0.98 27.30 (6.10) 44.02 (5.79) 0.000*
Number of different sleep medications, mean (+SD) n/a n/a 0.53 (0.69) 0.70 (0.79) 0.21
Number of medical co-morbidities, mean (+SD) 0.56 (0.70) 0.57 (0.78) 0.96 0.80 (0.79) 0.91 (0.92) 0.46
CBT sessions, mean (+SD) 15.00 (5.56) 15.82 (6.18) 0.34 6.56 (0.73) 6.49 (0.90) 0.62

*p < 0.05. CIS-fat, Checklist Individual Strenght-20, subscales fatigue severity; ISI, Insomnia severity Index. Severe fatigue: CIS-fat > 35; severe insomnia: ISI > 10.
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was 44.02 (SD = 5.79) on the CIS-fat. Patients used between 0 and 4 different types of sleep
medication (including benzodiazepine, melatonin, sedating anti-depressant and quetiapine). They
reported 0-2 medical co-morbidities, including co-morbid sleep-related breathing disorders
(n = 16; 10%) and circadian rhythm sleep-wake disorders (n = 7; 4%). Patients reporting both
severe insomnia and fatigue at baseline were significantly younger (p < 0.001) than the
participants who experienced only insomnia. They also experienced more severe insomnia
symptoms (p = 0.002). The two subgroups (with and without co-occurring symptoms of
insomnia and fatigue) did not differ in other baseline characteristics or in treatment duration. We
controlled for age in the subsequent analyses.

Treatment outcome of CBT on the target symptom in the case of co-occurring symptoms

Table 2 presents the outcomes on the target symptom of CBT-F and CBT-I for subgroups with
and without co-occurring severe fatigue and insomnia at baseline. For ME/CFS patients treated
with CBT-F, no statistically significant difference was found between patients with and without
co-occurring insomnia with respect to the mean CIS-fatigue-score post-treatment (p = 0.63,
d = 0.06). For ID patients treated with CBT-I, the mean ISI-score post-treatment did not differ
between patients being severely fatigued at baseline and patients without severe fatigue at baseline
(p = 0.80,d = 0.05). All subgroups demonstrated large within-effect sizes (respectively d = 1.8
and 1.5 for CBT-F and 1.4 and 1.6 for CBT-I). Furthermore, for both ME/CFS and ID patients, no
statistically significant difference was found between patients with and without co-occurring
severe fatigue or insomnia regarding the percentage of patients for whom the target symptom was
in remission post CBT (respectively 59 vs 53%, p = 0.62 for CBT-F and 51 vs 50%, p = 0.61 for
CBT-I).

Association between change in insomnia and fatigue severity after CBT

For the ME/CFES and the ID patients who experienced co-occurring symptoms at baseline, a
change in insomnia severity after CBT was associated with a change in the same direction in
fatigue severity (r = 0.30, p < 0.001, n = 221 in CBT-F and r = 0.50, p < 0.001, n = 100 in
CBT-I). See Fig. 1 for the scatterplot of the ISI change score and the CIS-fat change score in both
therapies. In CBT-F the explained variance was 9% and in CBT-I 25%.

Prevalence of clinical severity of the co-occurring symptom after treating the target symptom

Of the ME/CEFS patients experiencing both severe fatigue and insomnia at baseline but who were
no longer severely fatigued post-CBT-F (n = 81), 25 (31%) still reported severe insomnia post-
treatment. Of the ID patients experiencing both severe fatigue and insomnia at baseline but who
no longer reported clinical insomnia post CBT-I (n = 50), 12 (24%) still reported severe fatigue
post-treatment.

Repeating the analysis with the imputed dataset showed the same pattern of results (data
not shown).

Discussion

This study investigated the implications of the co-occurrence of severe fatigue and insomnia on
the treatment outcomes of two symptom-focused treatments, i.e. CBT-F and CBT-I. In our study,
the prevalence of co-occurrence was high, as it was in previous studies (Fossey et al., 2004;
Van Houdenhove et al., 2011). Two-thirds of the ME/CES patients also reported clinical insomnia
and two-thirds of the ID patients also reported severe fatigue.
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Table 2. Pre- and post-treatment means and percentages in remission of the target symptom

Target symptom at
baseline

Target symptom post-CBT*

Mean between

group
Severe symptom(s) Estimated post difference Cohen’s d Cohen’s d Percentage in
at baseline n n  CBT mean (SE) (95% CI) p-value (between) (within) remission OR (95% CI)  p-value
Fatigue severity*
CBT-F 1. Fatigue only 82 49,57 (5.25) 80 33.07 (1.36) 0.80 (-2.50-4.11) 0.63 0.06 1.79 59% 1.61 (0.65-2.08) 0.62
(ME/CFS) 2. Fatiguetinsomnia 159 49,55 (5.68) 153  33.87 (0.98) 1.50 53%
Insomnia severity**
CBT-I 1. Insomnia only 45 16.16 (3.57) 41 10.54 (0.87) 0.26 (-1.83-2.36) 0.80 0.05 1.44 51% 1.23 (0.56-2.70)  0.61
(ID) 2. Insomnia+fatigue 117 18.03 (3.46) 100  10.28 (0.54) 1.64 50%

*Controlled for age and severity of target symptom at baseline. “Checklist Individual Strength-20, subscales fatigue severity (CIS-fat); in remission: CIS-fat < 35. **Insomnia severity Index (IS); in remission: ISI < 10.
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Figure 1. Scatterplot of the fatigue severity (CIS-fat) change score and insomnia severity (ISI) change score (both pre-post
treatment scores) at CBT-F and CBT-I. A more positive change score represents a higher reduction of severity.

In both therapies, the target symptom improved after therapy, independent of the presence of
the co-occurring symptom, meaning that the co-occurring symptom did not influence the
effectiveness. In CBT-F, more than half of the ME/CFS patients recovered from severe fatigue,
independent of the presence of co-occurring clinical insomnia at baseline. Previous studies have
found that fatigue can be treated with CBT-F across different conditions with different co-morbid
symptoms or symptom profiles (Castell et al., 2011; Malouff et al., 2008; Menting et al., 2017;
Okkersen et al., 2018). In the case of co-occurring insomnia, this seems to apply as well. In CBT-I,
about half of the patients with insomnia disorder recovered from insomnia after CBT-I,
independent of the presence of co-occurring severe fatigue at baseline. Previous studies have
found that insomnia can be treated with CBT-I in patients with different co-morbid disorders
(Hertenstein et al., 2022) and with web-based CBT-I in patients with co-occurring severe fatigue
(Ramfjord et al., 2023). Our results confirm that insomnia with co-occurring severe fatigue can be
treated with CBT-L

We also found that in both therapies a change of fatigue severity was associated with a change in
insomnia severity in the same direction. One possible explanation is that both CBT-F and CBT-I also
target the co-occurring symptom. During CBT-F patients learn to regulate their sleep-wake rhythm
which is known to influence insomnia (Manber et al., 1996). Also, some elements of CBT-I, such as
relaxation during the day, might have an effect on fatigue (Kesik et al., 2022; Kilic and Parlar Kilic,
2021; Komurkara and Cengiz, 2022; Yoo et al., 2022). Another possible explanation is that improving
sleep quality reduces fatigue and vice versa. However, only 10 (for CBT-F) to 25% (for CBT-I) of the
variance of the change in the co-occurring symptom could be explained by the association with the
change in the target symptom. This implies that the change in the co-occurring symptom during
therapy is mainly due to other factors, most particularly in CBT-F.

A third of the ME/CFS patients still reported clinical insomnia post CBT-F, despite not
experiencing severe fatigue any more. This may indicate that although CBT-F includes some, it
does not include enough elements of CBT-I for a subgroup of patients. In particular, sleep
restriction is a highly effective element in treating insomnia and its effect on insomnia is superior
to regulating the sleep-wake rhythm (Maurer ef al., 2020). Also the combination of all elements of
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CBT-I (Harvey et al., 2014) is known to result in a higher effectiveness than offering separate
elements.

Vice versa, a quarter of the ID patients still reported severe fatigue after CBT-I, although they
no longer experienced clinical insomnia. These fatigue symptoms could be a temporary
consequence of the sleep restriction during therapy (Kyle et al., 2011) and might disappear over
time. The persistence of the co-occurring symptom at clinically relevant levels for a significant
number of patients after both CBTs might indicate that fatigue and insomnia do not merely have a
bi-directional relationship but are driven by their own symptom-focused factors. Specifically
depression and subjective sleep characteristics (e.g. an inverse relationship with sleep duration) are
known to predict fatigue severity in insomnia patients (Kim et al., 2019). Furthermore, many ID
participants suffered from a medical co-morbidity. We cannot exclude the possibility that a
currently active underlying medical condition may explain the fatigue, although research suggests
that severe and chronic fatigue seems more determined by individual patient characteristics and
behaviours than by somatic markers of the disease (Menting et al., 2018). The relation between
these somatic parameters and fatigue severity is generally weak and tends to diminish over time
(Goertz et al, 2021). Persistent fatigue in chronic disease seems to be a transdiagnostic
phenomenon which can be treated with CBT aimed at fatigue perpetuating factors (de Gier
et al., 2023).

Given our findings, in the case of co-occurring severe fatigue and insomnia one might consider
starting with CBT-I, as CBT-I has a relatively short treatment duration compared with CBT-F (on
average 7 vs 15 sessions). CBT-I might result in faster symptom reduction for the patient and
requires less therapist time to deliver than CBT-F. If severe fatigue remains present after CBT-I,
one could then consider proceeding with CBT-F. Adding CBT-I to treatment of other symptoms
results in better, long-lasting effects for both insomnia and the condition (Hertenstein et al., 2022).
Thus, adding CBT-I might also positively influence outcomes on fatigue of CBT-F. Future studies
should use randomisation to investigate this treatment sequence when severe fatigue and
insomnia co-occur, comparing CBT-I followed by CBT-F (if needed) with CBT-F alone.

Our study has its limitations. Firstly, the study was under-powered to detect a medium sized
difference in outcome between ID patients with and without co-occurring fatigue. However, given
the magnitude of the effect size found, the conclusions seem quite robust. A second limitation is
that this study focuses on immediate post-intervention outcomes. We do not know if the findings
show further change during extended follow-up. Thirdly, CBT-I was delivered in a group format,
which seems to be as effective as individual treatment (Furukawa et al., 2024), although there is
also research suggesting that group CBT-I is less effective (Yamadera et al., 2013). Therefore, it
might be that the effects would have been better using individual CBT-I. Finally, this study is an
observational study based on data used for clinical practice. Therefore a number of other factors
which could have influenced the treatment outcomes (for instance depressive symptoms and
subjective sleep characteristics as measured with a sleep diary), were not accounted for.

In conclusion, co-occurring severe fatigue and insomnia does not influence treatment-outcome
of CBT-F and CBT-I. However, the severe co-occurring symptom can persist after CBT.
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Appendix

Appendix A. Overview of intervention parts of cognitive behavioural therapy for fatigue (CBT-F) and insomnia (CBT-I)

CBT-F

CBT-I

Goal setting:
- Psychoeducation regarding cognitive-behavioural model
of fatigue
- Patients set treatment goals in concrete activities that
will be performed when the patient’s impairments and
fatigue are alleviated

Psychoeducation sleep-wake pattern and sleep hygiene
- Psycho-education on circadian rhythm and sleep
hygiene
- Targets a disrupted sleep-wake pattern and
dysfunctional sleep hygiene
- Patients establish a regular sleep-wake pattern and
follow sleep-hygiene practices
- Patients are encouraged to stop sleeping or lying down
in the daytime

Behavioural technique:
Graded activity
- Consists of a time contingent graded activity program
regardless of symptoms for a low or fluctuating physical
activity pattern
- Patients with low activity pattern start with gradual
increase in their daily physical activity
- Patients with a relative active activity pattern learn first
to evenly distribute their activities during the day and
then subsequently gradually increase their daily activity
- Targets beliefs that reflect low self-efficacy with respect
the ability to become active
- Targets beliefs about the ability to become active

Helpful thinking regarding fatigue
- Targets dysfunctional cognitions regarding fatigue
- Patients learn to identify unhelpful thoughts and
replace them with helpful thoughts, gain more self-
efficacy and learn to focus less on their fatigue
- Patients learn to redirect their attention away from
bodily symptoms

Optional modules:
Social support
- Targets low perceived social support and negative
interactions
- Patients learn how to communicate with significant
others about their fatigue, be assertive and adapt
expectations about their environment
Coping with pain
- Targets dysfunctional beliefs with respect to pain
- Patients are helped to deal with pain in such a way
that it does not limit them during the gradual increase of
activities

Realizing goals
- Patients make an action plan to work on their
formulated treatment goals, like increasing social and
mental activities
- Patients learn about the difference between severe
fatigue and normal fatigue
- Patients learn to let go of the regular sleep-wake
pattern and even distribution of activities
- Patients evaluate their progress

Goal setting:
- Psychoeducation regarding cognitive-behavioural
model of insomnia
- Patients set treatment goals in concrete and feasible
sleep related aspects (e.g. sleep onset latency of no
longer than 45 minutes)
Psycho-education sleep and sleep hygiene
- Psycho-education on sleep (circadian rhythmic, sleep
pressure and sleep architecture ) and sleep hygiene
- Targets a dysfunctional expectancies about sleep,
disrupted sleep-wake pattern and dysfunctional sleep
hygiene
- Patients establish a regular sleep-wake pattern,
realistic expectations about sleep and follow sleep-
hygiene practices
Behavioural techniques:
Sleep restriction
- Target is to increasing sleep pressure, consolidate
sleep and reducing dysfunctional beliefs about sleep
- Patients learn restricting bedtime during the night
drawing on data of the sleep diary. Subsequent steps
consist of gradually increasing the time spent in bed
based on experienced sleep efficiency
Stimulus control
- Target is to reinforce the association between bed an
sleep
- Patients learn to leave the bed when unable to sleep
and still getting up at the same time in the morning
Helpful thinking regarding sleep
- Targets dysfunctional cognitions regarding insomnia
and its daytime consequences and reducing or
preventing excessive worrying on other themes during
the night
- Patients learn to identify unhelpful thoughts and
replace them with helpful thoughts, gain more self-
efficacy and learn to focus less on their insomnia
- Patients learn to replace worrying in the night to
daytime and learns solution-oriented thinking
Relaxation
- Target is to improve relaxation during day and night
- Patients learn techniques for physical (e.g. progressive
muscle relaxation) and mental relaxation (e.g. imagery
training) and to implement multiple breaks during the
day

Relapse prevention
- Targets to prevent relapse of insomnia
- Patients learn how to cope with triggers after
treatment which cause temporally insomnia and how to
prevent this insomnia becoming chronic
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Appendix B. Definition of myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) according to commonly used case

definitions

Centers for Disease Control and Prevention (CDC), Systemic Exertion Intolerance Disease (SEID) criteria

revised in 2003 criteria: (2015):

Medically unexplained severely fatigued and functionally Medically unexplained severely fatigued and functionally
impaired for at least 6 months impaired for at least 6 months

Four or more symptoms out of eight additional Post-exertional malaise
symptoms: Unrefreshing sleep
- Post-exertional malaise Cognitive problems and/or orthostatic intolerance*

- Unrefreshing sleep

- Cognitive problems

- Muscle pain

- Pain in the joints without swelling or redness
- Headaches of a new type, pattern, or severity
- Tender lymph nodes in the neck or armpit

- A sore throat that is frequent or recurring

*Orthostatic intolerance was not assessed.

Appendix C. Prevalence (in numbers) of medical conditions (organized in ICD-11 classification) in the ME/CFS and ID
participants

Prevalence

(S]

Disease ICD-11 classification ME/CFS

Infections 1
Neoplasm —
Diseases of the blood and immune system 3
Endocrine and metabolism diseases 15
Sleep-wake disorders other than insomnia disorder 8
Diseases of the nervous system 23
Diseases of the visual system i
Diseases of the ear —
Diseases of the bone (tissue) —
Diseases of the circulatory system 9
Diseases of the respiratory system 16
Diseases of the digestive system 2

7

4

6
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Diseases of the skin

Diseases of the musculoskeletal system and connective tissue

Diseases of the genitourinary system

Pregnancy, childbirth or puerperium

Certain conditions originating in the perinatal conditions —
Congenital abnormalities and chromosome abnormalities —
Injury —
Symptoms, signs or clinical findings not elsewhere classified 28
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