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Background. Severe fatigue following coronavirus disease 2019 (COVID-19) is prevalent and debilitating. This study
investigated the efficacy of cognitive-behavioral therapy (CBT) for severe fatigue following COVID-19.

Methods. A multicenter, 2-arm randomized controlled trial was conducted in the Netherlands with patients being severely
fatigued 3-12 months following COVID-19. Patients (N = 114) were randomly assigned (1:1) to CBT or care as usual (CAU).
CBT, targeting perpetuating factors of fatigue, was provided for 17 weeks. The primary outcome was the overall mean
difference between CBT and CAU on the fatigue severity subscale of the Checklist Individual Strength, directly post-CBT or
CAU (T1), and after 6 months (T2). Secondary outcomes were differences in proportions of patients meeting criteria for severe
and/or chronic fatigue, differences in physical and social functioning, somatic symptoms, and problems concentrating between
CBT and CAU.

Results. Patients were mainly nonhospitalized and self-referred. Patients who received CBT were significantly less severely
fatigued across follow-up assessments than patients receiving CAU (—8.8 [95% confidence interval {CI}, —11.9 to —5.8]);
P <.001), representing a medium Cohen’s d effect size (0.69). The between-group difference in fatigue severity was present at
T1 (=9.3 [95% CI, —13.3 to —5.3]) and T2 (—8.4 [95% CI, —13.1 to —3.7]). All secondary outcomes favored CBT. Eight adverse
events were recorded during CBT, and 20 during CAU. No serious adverse events were recorded.

Conclusions. Among patients, who were mainly nonhospitalized and self-referred, CBT was effective in reducing fatigue. The
positive effect was sustained at 6-month follow-up.

Clinical Trials Registration. Netherlands Trial Register NL8947.
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As the coronavirus disease 2019 (COVID-19) pandemic enters
its fourth year, increasing attention is directed toward its long-
term sequelae, referred to as long COVID or PASC (postacute
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sequelae of severe acute respiratory syndrome coronavirus 2
[SARS-CoV-2]) [1]. Fatigue is among the most prevalent symp-
toms of PASC and is common among patients being previously
hospitalized and those not being hospitalized [2, 3]. The fatigue
is often severe [4] and still reported by some up to 2 years after
the acute phase of COVID-19, indicating a chronic course in a
subset of patients [5]. As severe fatigue following COVID-19
and related disability affects millions worldwide, evidence-
based interventions are urgently needed.

Persistent, severe fatigue is a common symptom following
infectious diseases [6—8]. Cognitive-behavioral variables, such
as a disrupted sleep—wake pattern, low or unevenly distributed
level of activity, or unhelpful fatigue-related beliefs, are associ-
ated with the persistence of fatigue across several long-term
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medical conditions [9]. Cognitive-behavioral therapy (CBT)
targeting these perpetuating cognitive-behavioral factors has
been shown to be effective in reducing severe fatigue in patients
with postinfectious fatigue and in long-term medical conditions
directly posttreatment [10-12]. Furthermore, CBT targeting fa-
tigue in other conditions not only led to a reduction of fatigue
but also improved physical and/or social functioning [11].
Long-term outcomes of CBT for severe fatigue have been mixed:
some studies have shown sustainment of treatment effects in the
majority of patients while others have shown a substantial re-
lapse [13, 14]. Until now, the efficacy of CBT has not been inves-
tigated in patients suffering from post-COVID-19 fatigue. We
hypothesized that addressing cognitive-behavioral factors that
can maintain fatigue may lead to a reduction of severe fatigue fol-
lowing COVID-19.

The ReCOVer study is a randomized controlled trial (RCT)
designed to investigate the efficacy of CBT directly posttreat-
ment and at 6-month follow-up for severe fatigue following
COVID-19, as compared to care as usual (CAU), in patients be-
ing severely fatigued 3-12 months post-COVID-19.

METHODS

Study Design

ReCOVer is an investigator-initiated, 2-arm, multicenter RCT
conducted in the Netherlands. The trial protocol has been pre-
viously published [15].

Participants

Eligible patients were diagnosed with a symptomatic, laboratory-
confirmed SARS-CoV-2 infection; were severely fatigued, with fa-
tigue starting or increasing substantially directly after the onset of
symptoms of COVID-19; were functionally impaired; and were

3-12 months post-COVID-19. See Table 1 for all inclusion and
exclusion criteria and their operationalization.

Patients were recruited by physicians of 6 participating
hospitals in the Netherlands, by healthcare providers, and by
self-referral. For clinician-referred patients, the physician or
research nurse checked the medical eligibility criteria. The eli-
gibility of self-referred patients was checked by contacting their
general practitioner (GP) and requesting a copy of the positive
SARS-CoV-2 test result. In case of doubt, the self-referred pa-
tient was seen by a physician of a participating hospital. After
obtaining written informed consent, additional screening ques-
tionnaires were administered. The remaining inclusion and
exclusion criteria were checked by the research assistant.

Randomization

Participants were randomly assigned in a 1:1 ratio to either CBT or
CAU. Randomization was performed with Castor EDC [22], a
web-based data capture system, using randomly selected block sizes
(2,4, or 6), and stratified according to (1) no admission to hospital,
admitted to hospital, or admitted to intensive care unit (ICU)
during hospitalization; and (2) dyspnea, based on the Medical
Research Council [23] score (<3 vs >3). A research assistant blind-
ed to the allocation sequence performed the randomization. Due to
the nature of the intervention, research assistants, participants, and
therapists were not blinded to randomization outcome. Data were
analyzed by 2 statisticians independently (P. N., I. C.) using a file
blinded for intervention allocation.

Procedures

Eligible participants completed the baseline questionnaires (T0)
before they were randomized. For practical reasons, CBT with a
planned duration of 17 weeks started approximately 2 weeks

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

e Diagnosed with symptomatic COVID-19, confirmed by a positive PCR for
SARS-CoV-2 oranother positive NAAT test (RT-PCR, LAMP, TMA, or mPOCT)
or positive SARS-CoV-2 serology (in absence of or before vaccination) or a
positive Antigen test or CORADS 4 or 5 on CT scan.

3 months up to and including 12 months after being diagnosed with COVID-19
or after hospital discharge in case the patient was admitted®.

Severe fatigue, operationalized as a score >35 on the CIS-fatigue [16]. Fatigue
started with or increased substantially directly after the onset of symptoms of
COVID-19, as reported by patients and confirmed by their GP or treating
consultant.

Limitations in physical functioning operationalized as a score of <65 on the
physical functioning subscale of the SF-36 [17] and/or social functioning
operationalized as a score of >10 on the WSAS [18].

e Age of 18y or older.

Sufficient command of the Dutch language.

Known psychiatric or somatic condition that can explain the fatigue. Screening
for somatic condition was done by the referring physician or the patient's GP in
case of self-referral. Participants were screened for the presence of PTSD
with the PCL-5 [19] and for the presence of depressive disorder with the
BDI-PC [20]. When the score on the BDI-PC was >4 or the score on the PCL-5
was >33, the MINI [21] was conducted to determine if patients met the criteria
for PTSD or a depressive disorder.

Current participation in a multidisciplinary rehabilitation program aimed to
ameliorate the consequences of COVID-19.

e Objective hypoxemia at rest for which oxygen therapy at home was indicated.

Abbreviations: BDI-PC, Beck Depression Inventory for Primary Care; CIS-fatigue, fatigue severity subscale of the Checklist Individual Strength; CORADS, COVID-19 reporting and data system;
COVID-19, coronavirus disease 2019; CT, computed tomography; GP, general practitioner; LAMP, loop-mediated isothermal amplification; MINI, Mini-International Neuropsychiatric Interview;
mPOCT, molecular point-of-care test; NAAT, nucleic acid amplification test; PCL-5, posttraumatic stress disorder checklist for Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition; PTSD, posttraumatic stress disorder; PCR, polymerase chain reaction; RT-PCR, reverse-transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; SF-36, Short Form Health Survey; TMA, transcription-mediated amplification; WSAS, Work and Social Adjustment Scale.

#For patients hospitalized, the date of hospital discharge was taken as reference point, as patients might have been admitted for a long time period (weeks to months) and we wanted to allow
enough time for physical recovery before starting a cognitive-behavioral intervention aimed at fatigue.
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after randomization. After the CBT or CAU period, participants
completed the T1 questionnaires (19 weeks postrandomization).
Six months after T1, the follow-up assessment (T2) was complet-
ed. Questionnaires were completed online.

CBT for post-COVID-19 fatigue, called Fit after COVID,
was developed by adapting existing CBT protocols for severe
fatigue in long-term medical conditions [11, 14]. It is based
on a cognitive-behavioral model of fatigue, which assumes
that a disease (in this case, COVID-19) triggers fatigue while
cognitive-behavioral variables can perpetuate it [9, 10]. The 7
perpetuating factors addressed are (1) a disrupted sleep-wake
pattern; (2) unhelpful beliefs about fatigue; (3) alow or uneven-
ly distributed activity level; (4) perceived low social support;
(5) problems with psychological processing of COVID-19; (6)
fears and worries regarding COVID-19; and (7) poor coping
with pain. Fit after COVID is a blended intervention. For de-
tails on the content of the modules and tailoring of the inter-
vention, see Supplementary Table 1. During development of
the intervention, 3 patients suffering from fatigue following
COVID-19 and recruited by the patient organization Lung
Foundation Netherlands read the treatment protocol and tested
the online modules. They evaluated the content and usability of
the internet intervention positively.

Participants could access treatment modules on an online
platform. During the COVID-19 pandemic, using an
internet intervention ensured therapy continuation despite
preventive public health measures, while face-to-face
contact was also available for those patients who were unable
or unwilling to use the internet-based format. All therapists
were psychologists trained in the treatment protocol during
a 4-day course and supervised biweekly by experienced clin-
ical psychologists (H. K., T. A. K.) to ensure treatment
integrity.

Participants randomized to CAU had no access to Fit after
COVID but were not restricted in seeking care including psy-
chological interventions for fatigue or other symptoms. There
were no restrictions on care received by participants in the
CBT group during CBT, other than multidisciplinary
rehabilitation.

Outcomes
To investigate the effect of CBT directly posttreatment and at a
follow-up 6 months later, the primary outcome was the differ-
ence in fatigue severity across follow-up assessments (T1 and
T2) between the CBT group and the CAU group. Fatigue se-
verity was assessed with the fatigue subscale of the 20-item
Checklist Individual Strength (CIS-fatigue) [16]. The
CIS-fatigue subscale consists of 8 items with a total score rang-
ing from 8 to 56, with higher scores indicating more severe fa-
tigue. The validated cutoff score for severe fatigue is >35 [16].
As secondary outcomes, we evaluated the difference in the
proportion of patients between the CBT and the CAU group

at T1 and T2 separately who were (1) no longer severely fa-
tigued, operationalized as scoring <35 on the CIS-fatigue
[16]; (2) no longer severely fatigued and reporting a reliable
change in fatigue (ie, reliable change index [RCI] of >1.96
[24]); and (3) not chronically fatigued, with chronic fatigue op-
erationalized as having severe fatigue with a self-reported dura-
tion of >6 months. In addition, we compared the CBT and
CAU group across T1 and T2 regarding (4) physical function-
ing assessed with the physical functioning subscale of the Short
Form Health Survey (SF-36) [17]; (5) social functioning, oper-
ationalized as the score on the Work and Social Adjustment
Scale (WSAS) [18]; (6) somatic symptom severity, assessed
with the Patient Health Questionnaire (PHQ-15) [25]; and
(7) problems concentrating, assessed with the concentration
problems subscale of the CIS.

Serious adverse events (SAEs) and adverse events (AEs) were
recorded based on participants’ self-report at T1 and observa-
tions by the study staff and therapists. Two physicians
(C.B.R, S. P.K.), blinded to intervention allocation, indepen-
dently rated the likelihood that the events could be attributed to
CBT and discussed discrepancies until consensus was reached.

Statistical Analysis

The sample size calculation was based on testing the primary
hypothesis that CBT leads to a significantly lower mean
CIS-fatigue score across T1 and T2 as compared to CAU. A differ-
ence of 6 points on the CIS-fatigue score is considered clinically
relevant [26]. Based on previous research, we assume a common
standard deviation (SD) of 12 and correlation coefficients of 0.4
among CIS-fatigue scores assessed at T1 and T2. With a sample
size of 45 in each group, a 2-sided test for the time-averaged dif-
ference between 2 means in a repeated-measures design with a
.05 significance level has 80% power to detect a difference in
means of 6 in a design with 2 repeated measurements.
Assuming a dropout of 20%, 114 participants were randomized,
57 to each condition.

Primary and secondary outcomes were analyzed according
to intention-to-treat. The primary outcome was analyzed using
a mixed linear model, which included CIS-fatigue as the depen-
dent variable; condition (CBT vs CAU), time (T1, T2), and
condition-by-time interaction as fixed effects; and the
CIS-fatigue score at baseline (T0) as covariate and in which
the repeated measurements were nested within participants.
Only when the main effect of condition was statistically signifi-
cant, then the statistical significance of the between-group dif-
ferences at T1 and T2 was separately interpreted. Cohen’s d
effect size was calculated by dividing the parameter estimate
for the mean difference in CIS-fatigue scores between condi-
tions from the mixed linear model by the pooled standard de-
viation at T2 of both conditions combined. Effect size
magnitudes were interpreted as small (0.2-0.5), medium
(0.5-0.8), and large (>0.8) [27].
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+ No response after referral (n =170)
Assessed for eligibility by + Declined to participate or informed consent not
phone call or email (n=721) retumed (n=135)
+ Not meeting inclusion criteria (n = 265)
+ No laboratory confirmation of COVID-19
(n=55)
+ Asymptomatic COVID-19 (n=3)
+ COVID-19 <3 months (n = 25)
+ COVID-19 >12 months (n = 23)
+ Fatigue not main symptom (n =17)
+ Possible other cause of fatigue (n=11)
+ Current psychological treatment (n=18)
¢ Current multidisciplinary rehabilitation

[ Enrollment ]

A\ 4

(n=113)
Asse§sed _for ellglbillty_by Excluded (n =37)
questlonnaire and medical ¢ Declined to pamcipate (n: 10)
records (n=151)* + Not meeting inclusion criteria (n = 26)
+ No laboratory confirmation of COVID-19
(n=3)

+ Asymptomatic COVID-19 (n=2)

+ No severe fatigue or limitations in
functioning (n=10)

+ Possible other cause of fatigue (n=3)

+ Current multidisciplinary rehabilitation (n = 4)
+ Current psychological treatment (n = 1)

+ Current depression or PTSD (n=3)

Y

Randomized (n=114)

l + Not randomized because study was full (n =1)
¥ [ Allocation ] 4
Allocated to CBT (n=57) Allocated to CAU (n=57)
+ Received allocated intervention (n=55)
+ Did not receive allocated intervention (non-
starter) (n=2)
J, [ Posttreatment (T1) ]
Lost to follow-up (study drop out) (n=1) Lost to follow-up (n=0)

Did not start intervention (n = 2)

Did not complete intervention according to
portal log data (n=3)

Did not complete intervention according to
therapist (n =2)

| Follow-up (T2) |
Lost to follow-up (study drop out) (n=3) Lost to follow-up (study drop out) (n=4)

Analysis

Analyzed (n=57) l JAnaly'zed (n=57)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. Flowchart of enrollment and randomization of patients. *One self-referred patient was screened for eligibility by a physician of a participating hospital.
Abbreviations: CAU, care as usual; CBT, cognitive-behavioral therapy; COVID-19, coronavirus disease 2019; PTSD, posttraumatic stress disorder; T1, 19 weeks postrandom-
ization; T2, 6 months after T1.
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Dichotomous secondary outcomes were compared at T1 and
T2 separately by calculating relative risks with 95% confidence
intervals (CIs) of not being severely and/or chronically fatigued
in the CBT versus the CAU group. The RCI was calculated as
RCI = (x, — X;)/Saifrs Where x; is the CIS-fatigue score at base-
line, x, the CIS-fatigue score at follow-up, and S 4;¢ the standard
error of the difference. Sg; was calculated with S ;¢ = \/ 2(Sp)?,
where Sg; is the standard error of the measurement. To calculate
Sg, the average Cronbach o of the CIS-fatigue score from pre-
vious studies (0.89) was used [11, 16]. The continuous second-
ary outcomes were analyzed using mixed linear models as
described for the primary outcome.

To explore the robustness of our findings from the primary
analysis, 4 sensitivity analyses were conducted. The first com-
prised per protocol analyses with 2 operationalizations of treat-
ment completion: (1) participants who have filled out the
treatment goals and opened the 5 standard modules of the inter-
vention (portal log data) and (2) participants who attended at
least 3 sessions (therapist registration) face-to-face or via video
consult. Second, the extent to which our results would change
if based on a single time point was explored. Therefore a separate
1-way analysis of covariance (ANCOVA) was conducted with
group allocation as a fixed factor, baseline CIS-fatigue score as
covariate, and the CIS-fatigue score at either T1 or T2 as depen-
dent variable. For each time point, Cohen’s d was calculated.
Third, we explored the extent to which dyspnea at T0, disease
severity, operationalized as previously being hospitalized for
COVID-19, time since diagnosis of COVID-19, age, and sex
have an impact on the primary outcome, and whether this im-
pact differs between CBT and CAU. Fourth, ANCOVAs of fa-
tigue severity at T1 and T2 separately were reanalyzed replacing
missing values with multiple imputation.

The statistical analysis was conducted using SPSS version 28.
Cohen’s d was calculated using R version 4.0.3.

RESULTS

From 12 November 2020 to 21 September 2021, 721 patients
were assessed for eligibility. Of this group, 114 patients, the tar-
get sample size, were randomized to CBT (n = 57) or to CAU
(n =57). The majority of the patients were self-referred (75/114
[66%]) and did not require hospitalization during their initial
COVID-19 (101/114 [89%]). All patients but 1 were infected
before being vaccinated. See Figure 1 for the flowchart and
Table 2 for the baseline characteristics. At T1, data were miss-
ing for <1% of patients (1/114, CBT) for the primary outcome
and <4% of patients (2 CBT, 2 CAU [4/114]) for secondary out-
comes. At T2, data were missing for <6% of patients (3 CBT,
4 CAU [7/114]) for the primary outcome and <8% of patients
(3 CBT, 6 CAU [9/114]) for secondary outcomes.

The mean duration of CBT was 18.7 (SD, 2.3) weeks. The
mean number of interactions between the therapist and patient

Table 2. Characteristics of the Patients at Baseline

CBT CAU
Characteristic (n=57) (n=57)
Demographics
Age, y, mean (SD) 45.7 (12.4)  46.0 (12.9)

Female sex 45 (79) 38 (67)

BMI, kg/m?, mean (SD) 26.9 (5.0) 27.2 (5.8)
Education level® (ISCE)
Low 4(7) 4.(7)
Middle 43 (75) 37 (65)
High 10 (18) 16 (28)
Clinical variables
COVID-19 confirmation
RT-PCR 49 (86) 51 (89)
Serology 8 (14) 6(11)
Other 0 (0) 0 (0)
Hospital admission 6(11) 7(12)
(

Days since COVID-19 diagnosis or hospital 191.2 (75.8) 183.7 (75.5)

discharge, mean (SD)

Referral
Hospital outpatient clinic 11(19) 17 (30)
Self-referral 39 (68) 36 (63)
Other healthcare provider 7 (12) 4(7)
Self-reported comorbidities
None 32 (56) 31 (54)
1 18 (32) 17 (30)
2 or more 7 (12) 9 (16)
Clinically relevant depressive symptoms® 12 (21) 15 (26)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BMI, self-reported body mass index; CAU, care as usual; CBT,
cognitive-behavioral therapy; COVID-19, coronavirus disease 2019; ISCE, International
Standard Classification of Education; RT-PCR, reverse-transcription polymerase chain
reaction; SD, standard deviation.

#Low indicates early childhood education, primary education, or lower secondary education;
medium indicates upper secondary education or postsecondary nontertiary education; high
indicates short cycle of tertiary education, bachelor’s degree (or equivalent level), master’s
degree (or equivalent level), or doctoral degree (or equivalent level) [28].

®Operationalized as a score of >4 on the Beck Depression Inventory—Primary Care [20].

was 11.8 (SD, 3.5), consisting of 4.6 (SD, 4.2) interactions by
email, 4.0 (SD, 3.8) video consults, 2.9 (SD, 3.0) face-to-face
consults, and 0.3 (SD, 0.7) telephone consults. Of the 56 pa-
tients who followed the intervention, 55 followed the blended
format. One patient (1/56 [2%]) had only face-to-face sessions
without use of the internet intervention. For all details on the
delivery of CBT, see Supplementary Table 2.

Figure 2 and Table 3 present the primary and secondary out-
comes at the different time points. The overall between-group
difference of the fatigue severity score was —8.8 (95% CI, —11.9
to —5.8; P <.001), favoring CBT and representing a medium ef-
fect size (Cohen’s d = 0.69). The between-group difference in
fatigue severity was present at T1 and T2. At T1, the estimated
mean difference was —9.3 (95% CI, —13.3 to —5.3; P < .001), fa-
voring CBT and representing a medium effect size (Cohen’s d
=0.74). At T2, the estimated mean difference was —8.4 (95%
CI, —-13.1 to —3.7; P<.001), favoring CBT and also
representing a medium effect size (Cohen’s d = 0.65).
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Figure 2. Checklist Individual Strength—fatigue scores and standard errors from baseline to the posttreatment assessment for the cognitive-behavioral therapy group and
the care as usual group. Abbreviations: CAU, care as usual; CBT, cognitive-behavioral therapy; CIS, Checklist Individual Strength; T0, baseline; T1, 19 weeks postrandom-

ization; T2, 6 months after T1.

All secondary outcomes were in favor of the CBT group. At

T1 and T2, the majority of the patients in the CBT group were
no longer severely fatigued, were no longer severely fatigued
and reported a reliable change in fatigue, and were not chron-
ically fatigued, as compared to a minority in the CAU group.
See Figure 3 and Table 3 for all outcomes and relative
risks. As can be derived from Figure 3, there was no indication
of deterioration of fatigue following CBT. The overall
between-group mean difference in the physical functioning
score between the CBT and CAU group was 7.1 (95% CI,
2.9-11.3; P=.001), favoring CBT and representing a small ef-
fect of CBT (Cohen’s d =0.34). For social functioning, the
mean difference in WSAS score was —6.6 (95% CI, —9.1 to
—4.2;
P <.001), favoring CBT and representing a medium effect
(Cohen’s d = 0.60). The overall mean difference between both
groups in somatic symptom severity was —2.0 (95% CI, —2.9
to —1.0; P <.001), favoring CBT and representing a small effect
size (Cohen’s d = 0.43). Last, the mean difference in scores in-
dicating problems concentrating was —5.1 (95% CI, —6.9 to
—3.4; P <.001), favoring CBT and representing a medium ef-
fect (Cohen’s d = 0.63).

The sensitivity analyses (see Supplementary Table 3A-D)
showed the same pattern of results as the primary analysis.

During the study period, 73% of patients (40/55) in the CBT
group and 91% of patients (51/56) in the CAU group received
care outside of the study with a mean number of consulted
healthcare practitioners of 1.1 (SD, 1.0) and 2.4 (SD, 1.6),

respectively. These were mainly the GP, a physician in an out-
patient clinic, or a physical therapist, the latter most often for
guided exercise. (Supplementary Table 4).

Eight AEs (Supplementary Table 5) occurred in 12% of pa-
tients (7/57) in the CBT group, of which 6 AEs were rated as
possibly related to CBT. In the CAU group, 20 AEs occurred
in 25% of patients (14/57). No SAEs were recorded.

DISCUSSION

This RCT showed that patients who reported severe fatigue
3-12 months following COVID-19 were significantly less se-
verely fatigued after CBT than after CAU. Our findings are in
line with previous studies investigating the efficacy of CBT
for severe fatigue in other patient groups [10-12]. Moreover,
positive effects of CBT were sustained for 6 months after the in-
tervention. This is an important finding given mixed long-term
outcomes of CBT in other studies [13, 14]. Furthermore, pa-
tients randomized to CBT were also less often severely and
chronically fatigued and reported fewer concentration prob-
lems, less severe somatic symptoms, and improved physical
and social functioning across follow-up assessments.

This study has several strengths. It was a multicenter RCT and
entailed a follow-up assessment 6 months after CBT or CAU.
The high number of self-referrals and low attrition rate suggest
that CBT is an acceptable and feasible intervention for at least
a group of post-COVID-19 patients. Furthermore, our prelimi-
nary data on AEs and the absence of deterioration of fatigue in
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Table 3. Estimated Means and Linear Mixed Model Analyses for Primary and Secondary Outcomes Over Time

TO T1, T2, Overall Between-
Study (Baseline), Estimated Estimated Group Difference, P Value Overall Cohen’s d of the
Outcome Measure Arm Mean (SE) Mean (SE) Mean (SE) Mean (95% CI) Between-Group Difference Overall Effect
Primary outcome
Fatigue
ClIS-fatigue® CBT 47.8(0.7) 30.6 (1.4) 31.5(1.7) -8.8(-11.9to -5.8) <.001 0.69
CAU 47.0 (0.8 39.9(1.4) 39.9(1.7)
Secondary continuous
outcomes
Physical functioning
SF-36° CBT 64.7 (2.4) 80.3 (1.8) 77.2 (2.4) 7.1(2.9-11.3) .001 0.34
CAU 62.5(2.7) 70.9(1.8) 72.3(2.5)
Social functioning
WSAS® CBT 24.5(1.0 11.9 (1.0) 11.7 (1.4) —6.6 (-9.1 to —4.2) <.001 0.60
CAU 21.8(1.0) 19.7 (1.0) 17.1(1.4)
Somatic symptoms
PHQ-15¢ CBT 11.4 (0.6) 7.8 (0.4) 8.5 (0.5) -2.0 (-2.9to —1.0) <.001 0.43
CAU 11.0 (0.5) 10.1 (0.4) 10.0 (0.5)
Problems concentrating
CIS-conc® CBT 26.6 (0.7) 18.4 (0.7) 17.3(1.0) -5.1 (6.9 to -3.4) <.001 0.63
CAU 24.6 (0.9 23.6 (0.7) 22.5(1.0
T1 T1 T1 T2 T2 T2
No. (%) Relative Risk P Value No. (%) Relative Risk P Value
(95% CI) (95% CI)
Secondary dichotomous outcomes
ClIS-fatigue <35 CBT 33 (569%) 2.24 (1.38- .001 34 (63%) 2.38(1.46-3.91) <.001
3.64)
CAU 15 (26%) 14 (26%)
ClS-fatigue <35 and CBT 33 (69%) 2.24 (1.38- .001 34 (63%) 2.57 (1.53-4.30) <.001
reliable change' 3.64)
CAU 15 (26%) 13 (25%)
Not chronically CBT 36 (64%) 2.12 (1.36- <.001 39 (72%) 2.30 (1.49-3.57) <.001
fatigued 3.30)
CAU 17 (30%) 16 (31%)

Abbreviations: CAU, care as usual; CBT, cognitive-behavioral therapy; Cl, confidence interval; CIS-conc, concentration subscale of the Checklist Individual Strength; CIS-fatigue, fatigue
severity subscale of the Checklist Individual Strength; PHQ-15, Patient Health Questionnaire; SE, standard error; SF-36, Short Form Health Survey; TO, baseline; T1, 19 weeks

postrandomization; T2, 6 months after T1; WSAS, Work and Social Adjustment Scale.

#Scores on ClS-fatigue [16] range from 8 to 56, with higher scores indicating more severe fatigue; a score of >35 indicates severe fatigue.

Scores on the physical functioning subscale of SF-36 [17] range from 0 to 100, with higher scores indicating better physical functioning.

°Scores on WSAS [18] range from 0 to 40, with a higher score indicating more social impairment. A score of >10 indicates significant impairment.

9Scores on PHQ-15 [25] range from 0 to 30, with higher scores indicating higher symptom severity.

°Scores on ClIS-conc [16] range from 5 to 35, with higher scores indicating more problems concentrating.

fFor a better comparison of the relative risks, this outcome has been reformulated relative to the protocol paper so that it is in the same direction as the other dichotomous secondary outcomes.

The operationalization was not changed.

the CBT group indicate that CBT for severe post-COVID-19 is
safe. The intervention, due to its online format, could be relative-
ly swiftly implemented and reach a wide patient group.

This study has limitations. As in all studies testing the effica-
cy of behavioral/psychotherapeutic interventions, blinding is
not possible because both patient and therapist are aware of
the allocated treatment. Also, this is the first study testing the
efficacy of CBT for post—-COVID fatigue. Replication in other
settings or regions is warranted to determine the generalizabil-
ity of our results. Furthermore, the majority of included pa-
tients did not require hospitalization for COVID-19. Our
results might therefore not generalize to patients with hospital
or ICU admission. As there is no reliable biomarker of severe

fatigue, we used a patient-reported outcome to assess fatigue
severity.

Despite efforts to recruit patients consecutively, the majority
of included patients were self-referred. This might have caused
a selection bias—for example, this group may have been more
motivated to undertake a behavioral intervention than patients
routinely visiting an outpatient clinic [30]. However, self-
referrals may better represent the target patient group for im-
plementation of CBT in clinical practice.

A further limitation of this study is the use of CAU as com-
parison condition. A placebo condition matched with respect
to the attention given and offering of a treatment rationale
would have been preferable to rule out that the effects of
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Figure 3. Changes in Checklist Individual Strength—fatigue scores from baseline to the posttreatment assessment for the cognitive-behavioral therapy group (A) and the
care as usual group (B). The score of 1 patient in the care as usual group dropped below 35 between screening and baseline. 2These points are double as 2 patients had the
same scores. Figures were created using the Leeds reliable change index calculator [29]. Abbreviations: Cl, confidence interval; CIS, Checklist Individual Strength; RCI, reliable

change index; T0, baseline; T1, 19 weeks postrandomization.

CBT were (partly) nonspecific. However, most participants in
the CAU group received care, including exercise, which has
been found to be effective for post-COVID-19 sequelae [31].
A substantial number of patients in the CAU condition might
therefore have received an intervention with a comparable
amount of attention provided and which also offered a credible
treatment rationale, but without the specific elements of CBT.

Finally, a limitation of our study is that a formal treatment
integrity check was not performed. However, all therapists
were trained and supervised to assure protocol adherence.
Furthermore, the delivery of treatment modules was registered.

Of note, applying a cognitive-behavioral approach to the
treatment of post-COVID-19 fatigue neither implies that its
cause is psychological, nor does it negate a possible somatic
cause. We encourage research into its underlying (neuro)bio-
logical mechanisms. Relatedly, while the majority of patients
were no longer severely fatigued following CBT, a substantial
group remained severely fatigued. Research into other treat-
ment approaches is warranted.

This study provides first evidence for the positive effect of
CBT in patients with severe post-COVID-19 fatigue.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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