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1. INTRODUCTION

“Because of long COVID s diverse symptomatology, reliance on self-reported symptoms,
and a lack of diagnostic tests and consensus definition, many patients struggle

to obtain a definitive diagnosis. As a result, long COVID is often easily

dismissed as a psychosomatic condition. Given what we now know

about the effects of long COVID and its biological basis,

it must be taken seriously.”

Long COVID: 3 years in. Editorial, The Lancet. Volume 401, Issue 10379,

11-17 March 2023, Page 795.

In December 2019, the first case of a novel and potentially life-threatening coronavirus has
been registered in the city of Wuhan, China. Soon after, the virus spread rapidly due to its
high transmissibility, resulting in a huge global health crisis. As of June 2024, more than 775
Million people have been infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) globally?®.

After the World Health Organization (WHO) had declared the outbreak of coronavirus
disease 2019 (COVID-19) a pandemic in March 2020, various policy measures have been
taken to contain the virus. Although many of these measures were very effective in this
respect, they were also frequently described as triggers for mental health consequences after
COVID-19, but also in the general public®3. An increase in psychopathological symptoms and
psychological distress in the general population due to containment measures is now
undisputed*®. Social distancing requirements like lockdowns and quarantine, school and
business closures, and the associated societal and economic challenges, uncertainty about the
course of the pandemic, or concern for family members can be considered potential stressors
for psychological impairment’. While both psychological distress and the proportion of adults
with clinically relevant mental illness initially increased during the early course of the
pandemic, meta-analyses synthesizing longitudinal cohort studies of both infected and
uninfected individuals showed a decrease of adverse psychiatric outcomes to pre-pandemic
levels over time®8, Other findings confirm that the initial outbreak of the pandemic was
associated with a significant but statistically small increase in mental health symptoms such as
symptoms of anxiety and depression®%. While such trajectories of recovery appear to be
indicative of resilience in adult populations'?, the situation is different for persistent somatic

symptoms after SARS-CoV-2 infection.



After acute somatic symptoms of COVID-19, like cough, fever, and myalgia'?, a
substantial proportion of individuals report to suffer from ongoing health complaints after the
infection has abated. To describe this phenomenon, the term “Long COVID” first emerged
from Twitter by affected patients'® and has since been used by the British National Institute
for Health and Care Excellence (NICE) to describe a health problem that is now occurring
worldwide, i.e., primarily somatic symptoms lasting at least four weeks after an infection with
SARS-CoV-2, which cannot be explained by another diagnosis. In case symptoms persist for
more than three months after the infection, the term “post-COVID-19 syndrome” is
proposed'*. Based on a Delphi consensus, the WHO similarly defines “post COVID-19
condition” as symptoms which occur three months after the onset of SARS-CoV-2 infection
and last for at least two months. Again, symptoms must not be otherwise explainable, and
they ought to impact everyday functioning®. In both the NICE and WHO definitions, it is
essential that the relevant symptoms of LC did not exist prior to SARS-CoV-2 infection, so
that prior medical findings are of central importance. Thus, in many cases, LC represents a
diagnosis of exclusion. As it is the term originally coined by patients, this dissertation will use
“Long COVID” (LC) to refer to burdensome persistent somatic symptoms (PSS) of at least
four weeks following SARS-CoV-2 infection.

As with other PSS, it is now also known for LC that psychological features are
involved in the development and maintenance of symptoms. However, the role of
psychosomatic medicine in research and treatment of LC has been viewed critically both by
some in the field as well as some of those affected'®'’. Reflecting the fundamental
understanding of psychosomatic medicine and contrasting the opening quotation, this
dissertation argues for the recognition of a biopsychosocial perspective on LC, i.e., to not
consider LC as “psychogenic” but as a condition that encompasses both biological and

psychosocial mechanisms.



2. THEORETICAL BACKGROUND

2.1.  Characteristics of Long COVID

Symptoms
So far, LC remains poorly understood, with no definitive etiology, prevention, or treatment. It

is considered a heterogeneous multisystemic condition comprising a variety of symptoms!1°
which can affect patients of any severity of preceding SARS-CoV-2 infection?®??, Recent
meta-analytical as well as longitudinal data from controlled studies with follow-up periods of
at least 6 months confirm the most common LC symptoms to include fatigue, dyspnea,
anosmia and ageusia, and pain (especially headache, chest pain, myalgia, and joint pain; see
Figure 1). LC can also include deficits of cognitive functions like attention, memory and
concentration, often called “brain fog”?*%. As LC symptomatology can fluctuate greatly?®?’
with fatigue being the core symptom?2%, a growing body of research is addressing the
resemblance and overlap between LC and chronic fatigue syndrome (CFS), also called
myalgic encephalomyelitis (ME*°-3?). ME/CFS is a debilitating condition of at least 6 months
mainly characterized by persistent severe fatigue and exhaustion which often exacerbates after
minimal physical or mental effort (so-called post-exertional malaise; PEM), does not improve
by rest and has a detrimental effect on functioning as well as quality of life3***, Besides
persistent fatigue, PEM has been listed as a frequent sequelae of COVID-19 in a subset of
patients'®?5, Since the etiology of ME/CFS is not well understood and diagnostic biomarkers
have not been identified yet*®, ME/CFS is sometimes considered a functional somatic
disorder®-3” with a multifactorial genesis®. ME/CFS is thought to be commonly triggered by
infectious diseases®®*? and is often associated with depression?>*3#4. Among others,

perpetuating factors can be low physical activity or dysfunctional beliefs®.



Figure 1. Symptoms of Long COVID
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Note. Illustration of meta-analysis results with estimated prevalence of symptoms following
acute SARS-CoV-2 infection across follow-up intervals of 6 to < 9 months (from Alkodaymi
et al. Clin Microbiol Infect, 2022%); in parentheses: number of studies, size of population

used to calculate point estimate.

Prevalence

An exact estimation of the frequency of COVID-19 sequelae in adult patients is difficult and
numbers provided so far are to be regarded as preliminary*®. Definite prevalence rates are not
available both due to the novelty of the condition as well as due to methodological limitations
of previous publications that need to be acknowledged. Studies have reported widely varying
estimates of symptom prevalence due to different study designs (e.g., cross-sectional vs.
longitudinal data), follow-up periods, sample characteristics (e.g., initial disease severity,
sample size), recruitment (e.g., self-selection vs. patient records), means of data collection
(e.g., non-validated instruments, confirmed testing of COVID-19 vs. self-report only),
inconsistent terminology (e.g., definitions of LC and symptoms), and lack of control groups*’.
Early studies on mostly hospitalized patients estimated prevalences of more than 70% around
four months after the infection*®“°. In a Chinese cohort of hospitalized patients, 68% stated at
least one sequelae symptom at six months and 55% at two years?!. As frequently documented
LC symptoms are nonspecific and also common in the general population irrespective of
SARS-CoV-2 infection®, it is crucial for studies on LC to adjust for pre-existing symptoms
and comorbidities and to include control groups with no history of SARS-CoV-2 to

differentiate effects of the infection from those of pandemic-related stressors (e.g., fear of
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becoming infected, worries about long-term effects of the infection®!), thereby avoiding an
overestimation of the frequency of LC?%7°2, For instance, in a Scottish general population
cohort study with 23,973 participants, similar symptoms (e.g., tiredness, headache, joint pain)
were highly prevalent in patients with previous laboratory-confirmed SARS-CoV-2 infection
as in a PCR-negative matched control group. Interestingly, only the healthy control group
reported an increase in symptom burden after 12 months®,

Compared to initial reports, recent publications with large population-based data sets
suggest a lower prevalence of LC of around 10-13%2%%+%¢ In a recent controlled prospective
observational cohort study with 9,764 adults with and without prior SARS-CoV-2 infection,
10% of infected individuals developed LC at six months after the infection?®. Similarly,
Hartung et al.?® reported persistent fatigue nine months after SARS-CoV-2 infection
assignable to COVID-19 in 11% of patients in a population-based, controlled prospective
multicenter study. In a multidisciplinary, prospective, population-based, observational cohort
study of 76,422 participants in the Netherlands consisting of 4,231 patients with a previous
SARS-CoV-2 infection who were matched to 8,462 COVID-19-negative controls, 12.7% of
patients experienced symptoms attributable to LC after 8 months®*. In the UK, the Office for
National Statistics estimated the prevalence of LC three to four months after infection to be
only 1.6% based on self-report data of survey participants with (5.0% reported symptoms) and
without (3.4% reported symptoms) laboratory-confirmed COVID-19°. A retrospective cohort
study that took into account the medical records of 388,980 US Veterans with a positive
SARS-CoV-2 test found a documented ICD-10 code U09.9 for post COVID-19 condition in
4.79% of patients at six months and 5.28% at 12 months after infection®. However, the long-

term evolution of LC is still unknown.

Consequences
With millions of people affected by COVID-19%, even a small percentage of individuals who

develop LC implies detrimental effects on society and public health, with many people in
need of long-term follow-up, management, and support. For those affected, the symptoms
associated with LC can lead to severe impairment in everyday life and reduced quality of
life>3°, Although the magnitude is not yet fully predictable, studies to date suggest increased
health care utilization of patients with LC and a large economic burden on health care
systems®%61 which may even exceed the temporary overuse of health care resources by acute

cases of the disease.



2.2.  Etiology of Long COVID

Pathophysiology

Despite knowledge on the clinical appearance and impact of LC, little is known about its
pathophysiology and findings of clinical examinations often do not match reported
disability®2%3, Heterogeneous pathophysiological mechanisms across multiple organ systems
have been postulated for LC. These include: virus-triggered inflammatory processes®,
autoimmunity®>®’ the persistence of viral reservoirs®®’®, microbiota dysbiosis™, and
microvascular blood clotting with endothelial dysfunction (for a review, see 1°4%7273) To
date, no specific diagnostic markers (for example, in the blood) or characteristic imaging
findings are known to fully explain LC®, so that the diagnosis is assigned clinically and

purely descriptive.

General risk factors

Since the outbreak of the COVID-19 pandemic, certain general risk factors for LC could
repeatedly be identified in research studies. These factors are mainly sociodemographic and
iliness-related. In a retrospective matched cohort study based on a primary care database in
the UK, female sex, obesity, and several medical comorbidities were found to be predictive of
persistent symptoms 3 months after SARS-CoV-2 infection in a sample of 486,149 non-
hospitalized adults with confirmed infection’. The virus strain also seems to play a role:
Studies suggest lower rates of LC following infection with more recent variant waves, e.g.,
Omicron compared to Delta™’®. SARS-CoV-2 vaccination seems to be an effective
preventive strategy against LC, but its impact on pre-existing LC symptoms has not been
clarified yet’’. Table 1 shows an overview of established general risk factors for LC including

supporting references according to the current state of knowledge.
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Table 1. Current evidence on general risk factors for Long COVID based on a scoping

literature search

Risk factor

Reference

higher age

Frontera et al. J Neurol Sci, 20228

Kessler et al. J Clin Med, 2023

Shi et al. Infection, 20238°

Sudre et al. Nat Med, 20218!

Tene et al. Int J Infect Dis, 2023°%
Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202383

female sex

Frontera et al. J Neurol Sci, 20228

Kessler et al. J Clin Med, 2023

Shi et al. Infection, 20238°

Subramanian et al. Nat Med, 2022

Sudre et al. Nat Med, 20218!

Tene et al. Int J Infect Dis, 2023°%
Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202383

severe COVID-19 / high symptom load
during the acute phase of COVID-19

Bahmer et al. EClinicalMedicine, 2022°2
Frontera et al. J Neurol Sci, 202278

Huang et al. Lancet Respir Med, 20222
Sudre et al. Nat Med, 20218!

Tene et al. Int J Infect Dis, 2023°%
Tsampasian et al. JAMA Intern Med, 202323

high BMI/obesity

Subramanian et al. Nat Med, 2022

Sudre et al. Nat Med, 20218!

Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202323

pre-existing medical

conditions smoking

Subramanian et al. Nat Med, 202274
Tene et al. Int J Infect Dis, 20236*
Tsampasian et al. JAMA Intern Med, 202323

asthma

Kessler et al. J Clin Med, 2023"°
Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202323
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Kessler et al. J Clin Med, 2023"°

migraine .
Subramanian et al. Nat Med, 202274
Subramanian et al. Nat Med, 2022
COPD _
Tsampasian et al. JAMA Intern Med, 202383
type 2 diabetes Tsampasian et al. JAMA Intern Med, 202383

chronic kidney )
. Tsampasian et al. JAMA Intern Med, 202383
disease

multiple sclerosis Subramanian et al. Nat Med, 202274

ischemic heart .
. Tsampasian et al. JAMA Intern Med, 202383
disease

back pain Kessler et al. J Clin Med, 2023"°

Antonelli et al. Lancet, 20227

SARS-CoV-2 infection with early virus strain )
Perlis et al. JAMA Netw Open, 20227

Psychosocial risk factors

In addition to biomedical attempts at explaining LC, there is increasing evidence on the
involvement of psychosocial factors in the maintenance of somatic symptoms after COVID-
19 such as psychological distress previous to infection. By far most evidence is currently
available for anxiety and depression®®, Table 2 provides exemplary studies indicating anxiety
and depression to be of relevance for LC. Protective factors for LC, on the other hand, seem
to be pre-infection lifestyle factors including at least moderate physical activity, a healthy
diet, adequate sleep, and trait forgiveness (an individual's tendency to forgive themselves,
other people, and/or situations)®8. Even for acute SARS-CoV-2 infection, psychological
factors were found to influence the disease: In a meta-analysis of 23 studies, the presence of
any mental disorder was associated with a heightened risk for COVID-19 mortality®®. An
analysis of primary care medical records comprising more than 11 million patients in the UK
reported an association between pre-existing neuropsychiatric conditions and more severe
acute respiratory infections including COVID-19%7. This is in line with research
demonstrating negative effects of high psychological distress on inflammation and immune

system functioning®-°2 as well as regulation of the autonomic nervous system®.
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Table 2. Exemplary studies with evidence for the role of anxiety and depression in LC based

on a scoping literature search

Psychological factor Reference

Bahmer et al. EClinicalMedicine, 2022°2
Bobak et a. Psychosom Med, 2024%
Greifel et al. Sci Rep, 2024%

Joli et al. Front Psychiatry, 2022

Milde et al. Psychosom Med, 2023°%
Nishimi et al. Psychol Med., 2024%7
Subramanian et al. Nat Med, 20227
Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202323
Wang et al. JAMA Psychiatry, 2022

(illness-related) anxiety

Bobak et a. Psychosom Med, 2024%
Durstenfeld et al. Open Forum Infect Dis, 2023%
Greifel et al. Sci Rep, 2024%
Joli et al. Front Psychiatry, 202238
Mazza et al. J Psychiatr Res, 20222°
depression Milde et al. Psychosom Med, 2023°%
Nishimi et al. Psychol Med., 2024%°
Subramanian et al. Nat Med, 2022
Thompson et al. Nat Commun, 202282
Tsampasian et al. JAMA Intern Med, 202323
Wang et al. JAMA Psychiatry, 2022

Biopsychosocial view on Long COVID

In line with the observation that most LC symptoms are unspecific and also common in the
general population®91% as well as in other long-term medical conditions!®, studies
investigating LC often find similar symptom reports of participants with and without a history
of SARS-CoV-2 infection with only subtle differences. In a prospective cohort study of
nonhospitalized individuals who underwent PCR testing, 382 individuals with and 85 without
prior COVID-19 who were comparable in terms of sex and age were evaluated. When
applying the WHO definition of post COVID-19 condition, prevalence at six months was
48.5% in the infected group, but was comparably high (47.1%) in the control group. In a

13



multivariable model, neither SARS-CoV-2 positivity nor biological markers were associated
with the development of post COVID-19 condition. Instead, symptom severity at baseline as
well as psychosocial factors like loneliness and low physical activity were significant
predictors of LC®. In a recent German cohort study of statutory health insurance data, pre-
existing mental health diagnoses were associated with an increased risk of somatic symptoms
consistent with LC both in patients after COVID-19 and in controls without SARS-CoV-2
infection®. Also, negative expectations have repeatedly been shown to be linked to adverse
health outcomes like worse somatic symptoms and increased disability!%2103,
Correspondingly, a large cross-sectional population-based French cohort study with 26,823
participants came to a similar conclusion: The self-reported belief of having had COVID-19
was more relevant for experiencing PSS than actual serological evidence!®. In a German
multicenter, population-based cohort study, functional and laboratory parameters of patients
with LC fell within the normal range 6-12 months after infection, ergo patients’ subjective
complaints did not match somatic diagnostics®2. Several other studies did not find relevant
pathological abnormalities in LC either*®1%>-1%7 While in a follow-up study on neurocognitive
complaints in relation to previous SARS-CoV-2 infection, individuals with a self-reported
COVID-19 history stated worse selective attention, this could not be objectified by
neuropsychological test performance!®®. In an experimental study comparing differences in
perceived and objective fatigability between people with and without LC, participants with
LC reported increased fatigue and perceived fatigability, but did not show objective
fatigability in an isokinetic fatigue task%.

Due to the absence of specific markers, findings like these suggest that PSS attributed
to COVID-19 may in fact not be specific to SARS-CoV-2 and that, at least for some patients,
there are more factors contributing to symptoms of LC than the triggering SARS-CoV-2
infection and the resulting biomedical mechanisms*®'t  Accordingly, LC can occur
regardless of severe, mild, or even asymptomatic acute illness as well as vaccination status?’-
22112114 Medical comorbidities being risk factors for LC make it extra difficult to
differentiate COVID-19-specific sequelae from an exacerbation of the underlying disease.
Meanwhile, there are more and more scientific advocates for a biopsychosocial understanding
of LC110MLISLI6 1 [ight of the current state of research with supporting evidence for a role
of psychological constructs, the biopsychosocial model seems to be an appropriate
explanatory model for the development of LC®. On the one hand, a biopsychosocial
perspective on LC can facilitate appropriate preventive strategies, while it can also lead to

optimized treatment approaches by involving the expertise of multiple professions into
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multimodal therapy®'. Gaining a better understanding of psychological factors in LC can also
help differentiate between patient subgroups and thereby support the identification of

meaningful biomarkers!t°,

2.3.  Treatment of Long COVID

LC is now recognized as a major public health problem and in several countries, management
guidelines have been published'*'’. Assuming that LC is a multisystemic condition,
multimodal treatment seems to be a logical consequence!!®. However, research into effective
treatment approaches for LC is still in its infancy and there is no causal therapy available.
Since many psychological variables are modifiable, existing evidence-based therapeutic
interventions might also be suitable for LC. For instance, several randomized controlled trials
(RCTs) found that cognitive behavioral therapy (CBT) can significantly reduce severe post-
infectious fatigue (e.g.''®*2!). Therefore, psychotherapeutic interventions aiming to reduce
psychological burden should be investigated as potential treatments of LCY"38, A two-arm
multicenter RCT conducted in the Netherlands provided first evidence for the positive effect
of CBT in patients with severe fatigue three to twelve months after COVID-19. Patients who
received CBT were significantly less fatigued directly post treatment as well as six months
later compared to patients receiving care as usual*??>, A German feasibility trial found high
acceptance of CBT and high satisfaction with the therapy sessions among patients with LC*?3,
Currently, most trials that have been registered at the WHO Internal Clinical Trials Registry
Platform (ICTRP) investigate rehabilitation measures including exercise?*, with preliminary
evidence of positive effects on LC symptomatology'?>1?®. Beyond that, many studies deal
with alternative medicine like homeopathy, Ayurveda, or dietary supplements?*. Empirical
evidence of such interventions is presently limited due to mostly small and uncontrolled
studies®. A recent Cochrane Review found no reliable scientific evidence for the contribution
of clotting abnormalities to the pathophysiology of LC and therefore recommends against the
application of plasmapheresis outside the context of research!?’. In light of insufficient
diagnostic and treatment options, clinical trials should be prioritized in order to establish

structured diagnostic and therapeutic algorithms.
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2.4.  Aims of this dissertation

Taken together, LC can be considered a massive worldwide health problem for which there is
still a great need for research. Following a biopsychosocial perspective, research into the
relevance of psychological factors appears to be a promising approach alongside the
investigation of pathophysiological changes. To date it is unclear how psychological variables
contribute to the development, maintenance, and deterioration of PSS after SARS-CoV-2
infection. Consequently, more knowledge on the role of psychological characteristics is
needed in order to improve diagnostic guidelines as well as to install preventive strategies and
treatment options for LC. Given the enormous societal and economic impact of LC and the
massive burden on affected individuals, supporting patients with LC is a major challenge for
health care systems worldwide. One approach to this is research into psychological
interventions.

The aim of this dissertation is to investigate psychological factors in patients with LC and
contribute to the question of how to support individuals with LC through psychological
interventions. With the overall aim of deriving implications for comprehensive health care,
the objectives of this dissertation were: (1) to investigate psychological risk factors for
somatic symptoms during the COVID-19 pandemic, (2) to present a new treatment approach
for LC based on the found psychological factors, and (3) to identify further psychological

factors related to LC by synthesizing the available evidence in the literature.
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3. METHODS

3.1.  The project

This dissertation largely emerged from the research project SOMA.COV (“Long COVID:
psychological risk factors and their modification”), which has been conducted at the
University Medical Center Hamburg-Eppendorf since April 2023. The project is funded by
the German Research Foundation (Deutsche Forschungsgemeinschaft; project number:
508447247) and aims to investigate whether overall somatic symptom severity in patients
with LC can be improved via the modification of illness-related anxiety and dysfunctional
symptom expectations. Additionally, the project aims to prospectively identify further risk
factors involved in the persistence of LC and compare them to the medical conditions under
investigation in the Research Unit SOMACROSS'?®, The Local Psychological Ethics
Committee at the Center for Psychosocial Medicine of the University Medical Center
Hamburg-Eppendorf approved the project on 14 February 2022 (approval number LPEK-
0446). Principal investigators are the author of this dissertation, Dr. Petra Engelmann, who
already holds a doctorate (Dr. phil.) in another subject area, as well as Prof. Dr. med. Dipl.-
Psych. Bernd Lowe (Department of Psychosomatic Medicine and Psychotherapy) and Prof.
Dr. Antonia Zapf (Institute Medical Biometry and Epidemiology). The first study of this
dissertation can be considered preliminary work leading up to the project proposal. The
second study of this dissertation is the SOMA.COV study protocol. The third study of this
dissertation is not directly related to SOMA.CQOV, however still adds to the project objective

of gaining knowledge on psychological factors with relevance to LC.

3.2.  Overview of studies

This dissertation is based on three publications with the following objectives: (1) to
investigate psychological risk factors for somatic symptoms during the COVID-19 pandemic
(study 1), (2) to present a new treatment approach for LC based on the found psychological
factors (study II), and (3) to identify further psychological factors related to LC by
synthesizing the available evidence in the literature (study IIl). Study | is a prospective
observational cohort study with the main aim of assessing specific risk factors for somatic
symptom deterioration during the COVID-19 pandemic in adults with and without prior
SARS-CoV-2 infection. The results formed the basis for the SOMA.COV research project.

17



Study Il is the study protocol of an observer-blinded, three-arm randomized controlled trial
which makes up the core of SOMA.COV and aims to investigate the effects of an expectation
management intervention for patients with LC compared to a non-specific supportive
intervention and treatment as usual only as well to examine further psychosocial risk factors
for LC. Study Ill is a systematic review and meta-analysis which was conducted in addition to
SOMA.COV. Its primary aim was to summarize published evidence on psychological factors
associated with LC, and, where possible, pool data using meta-analyses. A more detailed

description of the studies’ methods is listed in section 4 (summary of articles).
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4. SUMMARY OF ARTICLES

4.1.  Summary study |

Engelmann, P., Lowe, B., Brehm, T. T., Weigel, A., Ullrich, F., Addo, M. M., Schulze Zur
Wiesch, J., Lohse, A. W., & Toussaint, A. (2022). Risk factors for worsening of somatic
symptom burden in a prospective cohort during the COVID-19 pandemic. Frontiers in
psychology, 13, 1022203. https://doi.org/10.3389/fpsyg.2022.1022203

Background and aims

With more and more evidence on a substantial portion of COVID-19 patients not fully
recovering, there is growing scientific interest in risk factors for the potential long-term
effects of SARS-CoV-2. However, empirical knowledge on the differential impact of SARS-
CoV-2 infection on the one hand and psychosocial distress in response to the pandemic on the
other are scarce. Overarching biopsychosocial models as well as preliminary findings on LC
propose a multifactorial interaction between pathophysiological mechanisms and
psychosocial factors in the etiology of symptom persistence. Therefore, this study aimed at a)
prospectively investigating the course of somatic and psychological symptoms as well as b)
simultaneously assessing specific risk factors for somatic symptom deterioration during the
COVID-19 pandemic in a cohort of German adults with and without prior SARS-CoV-2
infection. In order to further examine the role of SARS-CoV-2 infection for the self-report of
symptoms, we c) aimed to compare individuals with SARS-CoV-2 positive and negative 1gG
antibody test results versus positive and negative self-reported SARS-CoV-2 infection in

terms of psychological measures.

Methods
We conducted a longitudinal observational cohort study among German health care
professionals working at the University Medical Center Hamburg-Eppendorf. Participants
underwent SARS-CoV-2 IgG antibody testing and completed self-rating questionnaires at
baseline and 21 months later between April 2020 and February 2022. Besides
sociodemographic variables (age, gender, profession), we assessed somatic symptom burden
(SSS-8), illness-related anxiety or psychological symptom burden (SSD-12), depression
(PHQ-2), and general anxiety (GAD-2). Additionally, participants who had not been infected
with SARS-CoV-2 yet were asked about their symptom expectations associated with COVID-
19



19 using a self-developed numeric rating scale (“How much do you expect to be burdened by
symptoms in case of a COVID-19 infection?”’) with a rage from 0 to 10. At follow-up
assessment only, all participants were asked if they had a history of COVID-19. Differences
in psychological variables between the two time points were analyzed with paired samples t-
tests. To predict somatic symptom change between baseline and follow-up as dependent
variable, a multiple linear regression analysis controlling for age, gender, and somatic
symptom burden at baseline was calculated. As pre-specified predictors, the regression model
included confirmed as well as self-reported SARS-CoV-2 infection since baseline as well as
psychological baseline measures (illness-related anxiety/psychological symptom burden,
depression severity, general anxiety severity, and symptom expectations associated with
COVID-19). Participants differing in terms of SARS-CoV-2 IgG antibody test result at
follow-up and self-reported belief of SARS-CoV-2 infection since baseline were compared on

the continuous study variables at follow-up by forming four groups (“serology and belief no,”

2% ¢¢ 99 ¢

“serology and belief yes,” “serology no and belief yes,” “serology yes and belief no””) and

performing one-way ANOVA.

Results

Of N = 1,792 participants recruited at baseline, n = 751 (41.9%; mean age: M = 40.26 years,
SD = 11.75; 77.9% females) completed both assessments. Between the two time points,
somatic symptom burden (t (750) = -12.68, p < 0.001, d = -0.46) and illness-related
anxiety/psychological symptom burden (t (750) = -10.34, p < 0.001, d = -0.38) as well as
depression (t (750) = -6.03, p < 0.001, d = -0.22) and anxiety severity (t (750) = -5.50, p <
0.001, d = -0.20) increased significantly in the sample. Symptom expectations associated with
COVID-19 significantly decreased over time (t (750) = 5.07, p < 0.001, d = 0.20). Significant
predictors of somatic symptom deterioration between baseline and follow-up according to the
regression model were illness-related anxiety or psychological symptom burden (b = 0.11, SE
= 0.03, p < 0.001), symptom expectations associated with COVID-19 (b = 0.20, SE = 0.07, p
= 0.004), and self-reported SARS-CoV-2 infection (b = 1.86, SE = 0.78, p = 0.017). These
three variables explained 17% of the variance in somatic symptom change (adjusted R? =
0.167, A R = 0.178, A F = 15.618, df = (9, 649), sig. A F = < 0.001). Participants’
serologically confirmed SARS-CoV-2 infection since baseline as well as depression severity
and general anxiety severity at baseline did not significantly contribute to the explained
variance in somatic symptom deterioration at follow-up. Until follow-up, n = 58 participants

had contracted SARS-CoV-2 confirmed by serology. Comparisons between the four groups
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differing in terms of SARS-CoV-2 IgG antibody test result and self-reported belief of SARS-
CoV-2 infection yielded no significant differences on any of the variables. Regarding somatic
symptom burden at follow-up, there was a trend toward a significant between-group
difference (p = 0.060) with the “serology no and belief yes” group stating the highest somatic

symptom burden of all of the four groups.

Discussion

The results of this study indicate that worsening of somatic symptoms over the course of the
COVID-19 pandemic may be more related to the pandemic’s psychosocial effects than to
SARS-CoV-2 infection itself. This way, this study supports the importance of disease-
overarching biopsychosocial models for the development of bothersome somatic symptoms
during the COVID-19 pandemic. As opposed to serologically confirmed SARS-CoV-2
infection, illness-related anxiety and dysfunctional symptom expectations seem to be relevant
for somatic symptom deterioration. Consequently, these two modifiable risk factors may be
promising therapeutic targets for a psychological treatment of LC. Our results of small
increases in both psychological distress and somatic symptom burden over time are in line

with other studies of representative German samplest?130,
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4.2.  Summary study Il

Engelmann, P., Biichel, C., Frommhold, J., Klose, H. F. E., Lohse, A. W., Maehder, K.,
Nestoriuc, Y., Scherer, M., Suling, A., Toussaint, A., Weigel, A., Zapf, A., & Lbéwe, B.
(2023). Psychological risk factors for Long COVID and their modification: study protocol of
a three-arm, randomised controlled trial (SOMA.COV). BJPsych open, 9(6), €207.
https://doi.org/10.1192/bjo.2023.591

Background and aims

In addition to pathophysiological mechanisms, psychological risk factors seem to be involved
in the development of LC. Particularly, illness-related anxiety and dysfunctional symptom
expectations appear to contribute to processes of symptom persistence after SARS-CoV-2
infection. As both factors can potentially be modified by targeted interventions, the aim of
this study is to investigate defined mechanisms of action: namely, whether the clinical
symptoms of LC can be improved via a targeted modification of illness-related anxiety and
dysfunctional symptom expectations. Second, we aim to prospectively identify further
psychosocial risk factors involved in the persistence of LC. Third, in an exploratory approach,
we aim to compare risk factors leading to symptom persistence in LC with medical conditions
under investigation in our Research Unit SOMACROSS.

Methods

Using an observer-blinded, three-arm randomized controlled design, 258 patients with LC
will be evenly assigned to one of three groups: targeted expectation management developed
together with affected patients and aiming to reduce illness-related anxiety and dysfunctional
symptom expectations in addition to treatment as usual (intervention 1), non-specific
supportive treatment in addition to treatment as usual (intervention 2), or treatment as usual
only (control). Both active intervention groups will receive three individual online video
consultation sessions at two-week intervals and a booster session after three months.
Assessments will be carried out at baseline, after 6 weeks (intermediate), 3 months (post-
interventional), and 6 months (follow-up). Primary outcome is baseline to post-interventional
change in overall somatic symptom severity assessed with the Patient Health Questionnaire-
15 (PHQ-15). Additional risk factors for symptom persistence will be identified in the
untreated control group. Comparisons with risk factors for other conditions identified in our

Research Unit SOMACROSS will be conducted to provide evidence of disease-specific and
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generic mechanisms of actions for the persistence of somatic symptoms. Group differences in
overall somatic symptom severity will be calculated using a linear mixed effects model with
the change from baseline for all measured time-points, with treatment group, time and gender
as fixed effect, patient as random effect, and baseline PHQ-15 as covariate. In order to
analyze whether treatment effects on LC resulted through changes in illness-related anxiety or
symptom expectations, mediation analyses will be conducted. Multivariate regression
analyses will be used to identify further risk factors involved in the persistence of LC and the
model will be compared with the results of the Research Unit SOMACRQOSS. The trial has
been registered at ISRCTN (trial registration number: ISRCTN15068418).

Results

The results of this study will be published in peer-reviewed journals, presented at national and
international conferences, and communicated in lay language to self-help groups and patient
associations. Recruitment of participants started in October 2023 and is expected to be
completed in November 2024. As of April 2024, more than half of the planned sample has

been enrolled in the study.

Discussion

Given that a causal therapy and concrete treatment recommendations for LC are missing so
far, effective and scientifically sound treatment options need to be developed for those
affected. Should a targeted modification of illness-related anxiety and dysfunctional
expectations of symptom severity lead to a change in LC symptoms, this would provide sound
evidence for specific mechanisms of symptom persistence in LC and the effectiveness of a
mechanism-based treatment approach. If the effectiveness of the intervention via the proposed
modes of action can be proven, it can be used stand-alone or in the context of a broader
therapeutic approach, and might thus have an important clinical and potentially socio-
economic impact. Further, the results of this study will enable a better understanding of
symptom persistence in LC by identifying additional disease-specific risk factors. The results
of whether the mechanisms of symptom persistence are disease-specific or also effective
across diseases will contribute to the further development of our etiological model for PSS

across diseases.
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4.3.  Summary study HI

Engelmann P., Reinke M., Stein C., Salzmann S., Loéwe B., Toussaint A., Shedden-Mora M.
(2024). Psychological factors associated with Long COVID: a systematic review and meta-
analysis. eClinicalMedicine, 74. https://doi:10.1016/j.eclinm.2024.102756

Background and aims

Five years after the outbreak of the COVID-19 pandemic, the etiology of LC still raises many
questions. An increasing number of studies indicates that psychological factors contribute to
the development and maintenance of LC in addition to pathophysiological changes. Previous
reviews on risk factors for LC, for instance, confirm anxiety and depression to be of
relevance. However, research in the field of persistent somatic symptoms in general suggests
multiple psychological constructs might be involved in the persistence of somatic symptoms
after SARS-CoV-2 infection. A systematic synthesis of available evidence on a broad
spectrum of psychological variables associated with LC is lacking to date. Therefore, the aim
of this study was to systematically review the literature providing original data on
psychological factors associated with LC and LC-relevant outcomes and, where possible, pool

data using meta-analyses.

Methods

We performed a systematic review and meta-analysis following the MOOSE guidelines. In
January 2024, a database search was conducted in MEDLINE (via PubMed), PsycINFO (via
OvidSP), and the Cochrane Database of Systematic Reviews (via Cochrane Library). The
search string contained the terms most frequently used in the literature for LC as well as all
psychological variables from the comprehensive list of the PSY-PSS framework (Hising et
al., 2023), a framework for reviews on psychological risk factors in the field of persistent
somatic symptoms and related disorders. Studies providing original, quantitative data in
English from 2019 on were included. Research focused on evidence from cross-sectional and
cohort designs which reported on psychological factors in the context of self-reported or
clinically diagnosed LC according to the NICE guideline and condition-relevant outcomes.
The primary screening against eligibility criteria of the identified studies based on titles and
abstracts was conducted independently by three authors. Full manuscripts were independently
reviewed twice by six initially blinded authors and data from each included study was

extracted by four authors (1. study characteristics, 2. operationalization of diagnostic criteria
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for LC, 3. psychological factors included in the study and operationalization of constructs, 4.
condition-relevant outcomes and their assessment along with effect sizes). Study quality was
assessed independently by two authors using the assessment tools of the National Institutes of
Health. Results were summarized in a synthesis table and random-effects meta-analyses were
conducted if valid data was available for at least five studies per psychological variable, type
of data, and outcome variable. A review protocol has been published on PROSPERO (ID:
CRD42023408320).

Results

Of 2,517 records identified by database search, we included 113 studies (n = 312,831 patients
with LC) providing evidence on at least one psychological factor in LC, 63 in cross-sectional
group comparisons, 53 in cross-sectional associations, and 18 longitudinal. Most reported
findings related to anxiety and depression and, less frequently, to physical activity,
posttraumatic stress disorder, stress, and history of mental illness. Meta-analyses of cross-
sectional studies with control groups found depression (OR 2.35; 95% CI, 1.49-3.70) and
anxiety (OR 2.53; 95% CI, 1.76-3.61) were significantly associated with LC and higher in
affected patients than controls (depression: SMD 0.88; 95% CI, 0.66-1.11; anxiety.: SMD
0.74; 95% CI, 0.50-0.99), while results for physical activity (p = 0.07) and stress (p = 0.10)
were non-significant. Longitudinal studies showed most of the investigated psychological

constructs to significantly predict LC.

Discussion

This is the first systematic review and meta-analysis of a comprehensive range of pre-defined
psychological characteristics with potential relevance for the development and/or maintenance
of LC. The present study confirms that, compared to controls, patients with LC are more
impaired by anxiety and depression and both factors are predictive of LC. Due to the
overrepresentation of anxiety and depression in studies on psychological variables in LC,
reliable conclusions about the relative importance of other psychological factors for LC
cannot be drawn. Future studies on LC should therefore include understudied psychological
constructs, such as emotion regulation or dysfunctional symptom expectations, in order to
gain more knowledge about their relevance. In addition, more longitudinal studies are needed
to assess the predictive value of psychological factors in the etiology of LC. Great
methodological heterogeneity between publications point to the importance of guidelines for

LC research.
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5. DISCUSSION

With the overall aim of deriving implications for comprehensive health care, the objectives of
this dissertation were: (1) to investigate psychological risk factors for somatic symptoms
during the COVID-19 pandemic, (2) to present a new treatment approach for LC based on the
found psychological factors, and (3) to identify further psychological factors related to LC by
synthesizing the available evidence in the literature. Using different empirical methods, three
studies were conducted to assess the above-named objectives: a prospective observational
cohort study (study 1), the study protocol of an observer-blinded, three-arm randomized
controlled trial (study Il), and a systematic review and meta-analysis (study I11).

5.1. Summary of the results

The aim of all three studies of this cumulative dissertation was to identify psychological
factors related to the sequelae of SARS-CoV-2 infection. In the longitudinal observational
cohort study (study 1), illness-related anxiety or psychological symptom burden, symptom
expectations associated with COVID-19, and the belief of having been infected with SARS-
CoV-2 were found to be significant predictors of somatic symptom deterioration after almost
two years of the COVID-19 pandemic. These results are in line with other studies that found
that anxiety’*® and dysfunctional expectations'®*3! are risk factors for LC and led to the
conclusion that illness-related anxiety and dysfunctional symptom expectations might be
promising modifiable targets in a psychological intervention for patients with LC.
Consequently, the observer-blinded, three-arm randomized controlled trial outlined in the
study protocol (study II) investigates the effects of a psychological intervention, which has
been developed together with affected patients and aims at the targeted modification of both
modifiable factors on the clinical symptoms of LC. Beyond that, further psychosocial risk
factors involved in the persistence of LC are examined and compared to other medical
conditions under investigation in the Research Unit SOMACROSS (e.g., primary biliary
cholangitis, irritable bowel syndrome, ulcerative colitis)*?8.

The result of study I, i.e., that serologically confirmed SARS-CoV-2 infection was no
significant predictor for somatic symptom worsening suggests the pandemic’s psychosocial
effects to be more relevant for somatic symptom burden than SARS-CoV-2 infection which
corroborates similar research findings®® pointing to a biopsychosocial model of LC!%11 |n
detail, experiencing somatic symptoms may have led to the belief in having had COVID-19,
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especially in the context of a growing concern regarding LC. During the COVID-19
pandemic, constant confrontation with the topic and its hyperpresence in mass media might
have been a triggering factor for initial or heightened illness-related anxiety'321% leading to
fear of infection and a severe COVID-19 course, the attribution of bodily symptoms to SARS-
CoV-2 infection and the belief in having had COVID-193+1% In fact, several studies
reported an increase in illness-related anxiety after the COVID-19 outbreak, especially during
the early stages™®*!%, Iliness-related anxiety, in turn, has been found a strong predictor of
somatic symptoms in the general population, before as well as during the pandemic*3"1%, It is
possible that such psychological factors and societal phenomena might account for the
findings of study I.

In the systematic review and meta-analysis (study I11), sound evidence was found that
patients with LC are more impaired by anxiety and depression compared to controls. These
results not only again confirm the importance of illness-related anxiety for symptom
persistence in LC, but are also in line with earlier systematic reviews on general risk factors
for LC383 and suggest anxiety and depression should be considered in LC treatments. The
scarce evidence base for other psychological variables and great methodological
heterogeneity between publications, however, hinder reliable conclusions regarding their
relevance and predictive value for LC. Overall, a narrative synthesis indicated the investigated
psychological factors to be associated with and predictive of LC. Therefore, investigating a
wider range of psychological constructs in future studies is a worthwhile endeavor in order to
establish further evidence-based treatment targets and inform guidelines. To gain further
insights into the predictive value of psychological factors in the etiology of LC, more
prospective cohort studies using harmonized methods are needed.

Taken together, the findings of this dissertation support the relevance of psychological
factors for the persistence of somatic symptoms after COVID-19. Thus, all three studies
contribute to a better understanding of the etiology of LC. They also provide clear indications
of possible therapeutic starting points in the multimodal treatment of LC. This is especially
important given the fact that evidence-based treatment recommendations for LC are still
lacking. At the same time, the results also reveal a clear research gap: In order to provide an
all-encompassing understanding and scientifically sound care for patients with LC, more

research is needed that considers a variety of potentially relevant psychological factors.
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5.2.  Strengths and limitations

This dissertation adds empirical evidence to a relatively new and still insufficiently explored
research area. To the best of our knowledge, we conducted the first systematic review and
meta-analysis on a comprehensive range of pre-defined psychological factors with potential
relevance for LC (study I11) as well as one of the first studies that simultaneously investigated
risk factors for somatic symptom deterioration in a large sample including adults with prior
SARS-CoV-2 infection as well as an unaffected control group (study I). Moreover, the RCT
presented in study Il is the first to assess the modifiability of specific psychological
mechanisms of symptom persistence in LC. The prospective design of study | is particularly
noteworthy as it added further evidence to previous cross-sectional results'®*. Actual SARS-
CoV-2 infections were objectified by performing IgG antibody tests and, in contrast to most
other published data so far, data took into account almost two years of the pandemic event.
One limitation of study I, on the other hand, is the small proportion of subjects who had been
infected with SARS-CoV-2 at the time, i.e. at the beginning of the COVID-19 pandemic in
Germany, which limits the generalizability of the results and calls for confirmation in further
studies with a higher number of formerly infected participants. In these studies, it would be
important to extend the time frame examined for somatic symptoms and specifically inquire
the diagnostic criteria of LC, which was not realized in study 1.

While focusing on a small selection of psychological variables in study I, studies Il
and Ill cover a wide range of psychosocial features in order to maximize the informative
value with regard to the importance of psychosocial characteristics in the context of LC.
However, the specific intervention delivered in the ongoing RCT (study Il) exclusively
addresses illness-related anxiety and dysfunctional symptom expectations. Future intervention
studies should pay special attention to further psychological factors (e.g., depression, emotion
regulation or attributional styles). A challenge in the recruitment of patients for the RCT is
potential reluctance of patients with LC to engage in a psychological intervention which
might be rooted in the concern of potential stigmatization. Therefore, careful communication
and the involvement of patients and patient associations is essential. The feasibility and
success of conducting the described intervention cannot yet be assessed and remains to be
seen.

A major strength of this dissertation is that the included studies sequentially
complement each other. All studies were conceptualized with great methodological

thoroughness in accordance with the respective study design and each study followed the
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established recommendations for conducting and reporting (e.g., MOOSE guidelines for
meta-analyses of observational studies). The forthcoming results of the SOMA.CQOV research
project will above all allow conclusions about the efficacy and mechanisms of a targeted
expectation management intervention for patients with LC, and might thus make a valuable

contribution to LC treatment.

5.3. Implications and outlook

Diagnosis and treatment of Long COVID

According to the results of the three studies and considering their limitations, a number of
implications can be drawn from this dissertation, which can help improve comprehensive care
for patients with LC. We found psychological factors, especially illness-related anxiety,
symptom expectations, and depression, to contribute to the sequelae of SARS-CoV-2
infection. Considering that these factors are potentially modifiable, early detecting and
treating them is critical for symptom course and quality of life. Systematically screening for
illness-related anxiety, symptom expectations, and depression in patients with a history of
COVID-19 as part of routine care could facilitate the selection of suitable treatment paths in
the future. Validated screening tools exist for all three constructs (illness-related anxiety: e.g.,
SSD-12'%%;  symptom expectations: e.g., EURONET-SOMA numeric rating scales'*;
depression: e.g., PHQ-9'%?). In case positive psychological criteria are fulfilled,
interdisciplinary cooperation between somatic and psychosomatic medicine with the aim of
multimodal treatment should be initiated. Given the long symptom burden of many affected
individuals, establishing effective treatments for LC is urgent.

One psychological intervention addressing a targeted modification of illness-related
anxiety and dysfunctional symptom expectations that could be carried out in the context of a
broader therapeutic approach is expectation management. A brief, low-threshold, mechanism-
based expectation management intervention for PSS in patients with LC is currently under
investigation in comparison to an unspecific supportive intervention as well as treatment as
usual only within the SOMA.COV project. Another promising psychotherapeutic treatment
option is CBT'212%, To drive the development of holistic care for affected patients,
psychological interventions should be evaluated in future longitudinal studies with long
follow-up periods to be able to derive long-term effects on LC symptomatology.

Patients with LC often face a feeling of social stigmatization, which might be rooted in

mind-body dualism or “psychologizing” of symptoms, and therefore exclusion and blame of
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those affected*®. Findings from qualitative research confirm patients with LC to have
suffered discrimination along their medical history before having been diagnosed with LC,
especially by health care professionals!*4. This phenomenon is well known from functional
somatic disorders which are equally characterized by a discrepancy between the subjective
experience of symptoms and objective results of physical examinations!'®'4°, Unfortunately,
the rationale behind psychosomatic medicine is sometimes misunderstood, not only by
patients, but also by other researchers and medical disciplines®*’.

Education of professionals and patients on updated explanatory models like the
biopsychosocial perspective is therefore urgently needed. One way of explaining the
persistence of somatic symptoms after COVID-19 in a comprehensible manner is predictive
processing: This framework describes how the perception of physical complaints emerges
from the interaction of both internal predictions about symptoms automatically generated in
the brain based on prior top-down information (like previous experiences, learning processes,
and expectations), as well as actual bottom-up sensory input from the organs, both of which
can be differently weighted depending on their precision#®4’ In functional somatic
disorders, for instance, it is assumed that information processing in the brain is dysregulated
in a way that symptom perception is mainly shaped by model-based predictions (so-called
priors) as sensory input is relatively weak and inprecise*®4°. Consequently, PSS can be
ascribed to functional alterations of the brain’s perception of bodily states according to the
concept of predictive processing. Predictive processing might be a suitable concept for
explaining the link between psychosocial variables and LC*,

During the COVID-19 pandemic, extensive mass media reports on the potential
danger of the virus might have played a role in shaping dysfunctional symptom
expectations>. As communication of unsupported illness descriptions, symptom uncertainty,
and lack of support play a role for negative symptom expectations, it is of great importance
for future public health crises to share evidence-based, reliable and helpful information in a
de-escalating manner'®, Another important measure is to involve affected patients in LC
research and take their needs into account when developing treatments tailored to the
individual in order to increase adherence and optimize care. Recognizing patients as experts
of their condition and integrating them actively in the research process can increase subjective
control of patients, enhance satisfaction with the medical encounter and improve treatment
outcomes. Finally, politics has a central role to play in reducing unfavorable prejudices and
reservations about psychosomatic medicine. Policy makers can ease the way for a holistic

health care landscape and contribute to providing the necessary financial resources to support
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both biomedical and psychosocial research projects in order to improve comprehensive
knowledge on LC.

In terms of accurate data on the long-term prevalence of LC, more large-scale,
prospective population-based studies or studies of stratified samples including non-
hospitalized individuals are needed in order to avoid selection bias due to recruitment
methods. These studies should include matched SARS-CoV-2 negative control groups and
take into account previous medical findings to distinguish symptoms specific to LC from pre-
existing or unrelated symptoms. This will allow for more homogenous results that facilitate
evidence synthesis in systematic reviews and meta-analyses. To make scientifically sound
conclusions about the concrete sequelae of SARS-CoV-2 compared to other infectious
diseases, infection controls (e.g., seasonal influenza) should be used. Another reason
hampering the comparison of study outcomes are inconsistent LC definitions. Eventually,
gaining more knowledge on the condition should contribute to the refinement of current
diagnostic criteria for LC™!. High quality study design is equally important for future
research on the underlying mechanisms of LC as well as clinical trials on potential treatments
for LC.

Long COVID symptom clusters

In order to make sense of the heterogeneity of the condition, an emerging body of research
currently deals with clustering different phenotypes of LC. Thereby, profiling is either based
on symptoms themselves®152-154 or on their severity®*'%. In a longitudinal cohort study®,
cluster analysis of 1,636 recovered COVID-19 patients resulted in four clusters in terms of
physical and mental health five months after discharge: very severe (19.5%), severe (30.1%),
moderate with cognitive impairment (10.9%), and mild (39.4%).

Within a Dutch longitudinal population-based cohort study, Latent Profile Analysis of
642 patients with LC yielded four symptom-related subtypes three to five months after SARS-
CoV-2 infection: muscle pain (55.6%), fatigue (14.3%), cardiorespiratory (5.6%), and
ageusia/anosmia (24.5%)%4. These results partly match other findings of symptom clusters. In
a prospective multicenter cohort study conducted with 1,796 patients from five different
countries, machine learning algorithms similarly identified four clinical phenotypes 12
months from COVID-19 diagnosis: chronic fatigue-like syndrome (42%), respiratory
syndrome (23%), chronic pain syndrome (22%), and neurosensorial syndrome (11%%°9).

Canas et al.'®? identified three symptom profiles in a prospective cohort study of 1,513

patients with LC from the UK around three months after the infection: a cardiorespiratory
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cluster, a central neurological cluster, and a multi-organ systemic inflammatory cluster.
Pooling the data of 1.2 million individuals with a history of symptomatic COVID-19 from 22
countries led to an estimated 6.2% experiencing LC three months after symptom onset. Of
those, 51.0% belonged to a fatigue symptom cluster, 60.4% to a cluster of respiratory
problems, and 35.4% to a cluster of cognitive problems®. A multicenter prospective cohort
study by Kenny et al.'>® involving 233 patients with LC beyond 4 weeks revealed one cluster
dominated by pain and another cluster of predominantly cardiovascular symptoms. Reasons
for differences between studies might include different study designs and sample sizes*>,
Therefore, in future research, symptom profiles of LC should be further characterized
using large data sets and long follow-up periods to identify risk factors, implications, and
trajectories of these clusters over time. Potentially, phenotyping could also provide relevant
insights into different pathophysiological mechanisms in LC%2. Finally, clinical interventional
trials of interventions could then be tailored to patients belonging to a specific phenotype,

possibly maximizing treatment effects compared to “one size fits all”’-solutions.

Long COVID and Somatic Symptom Disorder

In light of the psychosocial risk factors for LC found to date, increasing research interest is
emerging in studying Somatic Symptom Disorder (SSD) in LC. SSD is a diagnosis newly
introduced into the DSM-5 to describe affective, cognitive, and behavioral features associated
with burdensome somatic symptoms of any etiology, and which replaces the old classification
of somatoform disorders'®’. It is characterized by bothersome PSS which are accompanied by
ongoing negative feelings about health or symptoms, dysfunctional thoughts regarding the
seriousness of symptoms, and maladaptive health behaviors like an extraordinary amount of
time and energy spent on symptoms or health concerns®®. SSD is often associated with lower
quality of life, increased functional impairment, and higher utilization of health care
services'3®1%°  Earlier studies from before the COVID-19 pandemic already found viral
infections to be associated with a diagnosis of SSD*®. In a recent longitudinal retrospective
study of 220 patients with a history of laboratory-confirmed COVID-19, 10.4% were at risk
of SSD at 8 to 10 months after the infection'®’. A single-center observational study
investigating 50 patients with unexplained neurological symptoms after mild COVID-19
found a much higher rate of 64% to be at risk of SSD®. These preliminary findings need
confirmation in studies using a structured clinical interview for a valid diagnosis of SSD in
LC. Comprising psycho-behavioral criteria similar to SSD in DSM-5, Bodily Distress

Disorder (BDD) has been newly introduced to ICD-11 to diagnose persistent and bothersome
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somatic symptoms. While knowledge of the prevalence of BDD in patients with LC might
have important implications for clinical care and also for diagnosis in the German health care
system, research on the association between the two conditions is missing to date.

Post-acute infection syndromes

While LC is currently receiving a great deal of attention in research, media, as well as politics
due to the massive long-lasting impact of the pandemic and the large number of people
affected by LC, the phenomenon of PSS following the acute phase of an infection is not new.
Earlier studies provided evidence that an acute infection is a common trigger for developing
PSS!2, Following a wide array of infectious diseases, such as mononucleosis caused by
Epstein-Barr virus as well as Q fever or giardiasis, several prospective cohort studies reported
moderate to severe disability and PSS, primarily fatigue*%163.164,

Symptoms commonly seen after viral illnesses are consistent with those linked to
LC*041165166  T\wo examples of coronaviruses with long-term clinical outcomes similar ot
SARS-CoV-2 are its predecessor severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1) and Middle East respiratory syndrome (MERS-CoV). Research findings on
(coronavirus) infections indicate prevalence rates of persistent post-infectious fatigue similar
to early numbers for LC®1% |n a prospective observational study of 117 formerly
hospitalized patients with a history of SARS-CoV-1, more than half of the patients
experienced persistent fatigue at one year follow-up. Shortness of breath and sleeping
difficulties were reported with a similar frequency®®®. In a case-control study, Moldofsky &
Patcai'® found long-term fatigue to be the most common symptom more than one year after
acute SARS-CoV-1 infection. In a study by Lam et al.*®’, around 40% of SARS-CoV-1
survivors continued to experience fatigue more than three years after the infection.

In a systematic review and meta-analysis of 28 studies investigating hospitalized
SARS-CoV-1 and MERS-CoV patients around six months after discharge, Ahmed et al.®
found high prevalence rates of abnormal lung function and reduced exercise capacity, somatic
symptoms (fatigue, pain), psychological impairment (anxiety, depression, posttraumatic stress
disorder), and lower quality of life. A systematic review and meta-analysis of 72 studies on
the aftermath of coronavirus infections SARS-CoV-1 and MERS-CoV corroborated a high
incidence of persistent fatigue, psychological distress (anxiety, depression, posttraumatic
stress disorder), and memory impairment in the post-iliness stage'’®. Another more recent
review on the long-term impact of SARS-CoV-1, influenza, and MERS-CoV confirmed
quality of life and mental health of patients with PAIS to be highly impaired. After respiratory
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sequelae, they were the second and third most common reported complications’:. Equivalent
to LC, long-lasting symptoms after SARS-CoV-1 and MERS-CoV were often independent of
initial disease severity¢”172,

Other publications confirm an increase in psychological burden following prior virus
outbreaks and infectious diseases similar to LC!", like SARS-CoV-14, MERS-CoV'",
Ebola virus disease!’®, HIN1 influenzal”’, or tuberculosis!’®. For instance, illness-related
anxiety was widespread in times of virus outbreaks like Ebola'”®, HIN1! or avian

influenzal®!

. Psychological variables and mental illnesses have also been shown to be
predictive of the development or perpetuation of PSS after an acute infection®®?. A systematic
review and meta-analysis of 45 studies including a total of 21,421 individuals after infectious
enteritis found anxiety, depression, somatization, and neuroticism were significant risk factors
for a diagnosis of irritable bowel syndrome months after, next to female gender, antibiotic
exposure, and infection severity'®. Hulme et al.*> summarized biopsychosocial risk factors
for persistent fatigue after different infections including infectious mononucleosis, Q-fever,
dengue fever, and viral meningitis in a systematic review of 17 studies. In line with current
findings on LC, biological factors like pre-existing somatic symptoms and medical conditions,
cognitive-behavioral mechanisms like maladaptive attributional styles and decreased activity
as well as psychological distress were most consistently related to ongoing post-infectious
fatigue up to six months.

Long-term somatic symptoms after an acute infection are described by the term post-
acute infection syndromes (PAIS). As with LC, their underlying etiology remains poorly
understood*’. The overlap between clinical features of LC and other post-viral syndromes
suggests shared etiological pathways and possibly similar disease trajectories, and calls for
more research on the multifaceted sequelae of viral infections. In perspective, the combined
knowledge on clinical features could facilitate tailored treatments across PAIS. Previous
studies on PAIS demonstrated positive effects of CBT on symptom severity!?l. However, the
field of PAIS is relatively under-researched in terms of psychological treatments. Therefore,
more well-designed non-pharmacological interventional studies are needed in order to inform
PAIS care and develop successful strategies to prevent adverse health outcomes. A systematic
review and meta-analysis including 56 RCTs and 4,060 participants concluded that
psychosocial interventions in comparison to control conditions were associated with a 14.7%
improvement in beneficial immune system function and an 18.0% decrease in harmful
immune system function for at least six months following treatment®. The best outcomes

were found for CBT and multiple or combined interventions. These findings propose
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psychosocial interventions to be reliably associated with enhanced immune system function

and suggest psychotherapy might be an effective treatment for PAIS.

5.4. Conclusion

In a substantial proportion of adult patients, burdensome somatic symptoms persist after an
acute SARS-CoV-2 infection. The dimensions of potential long-term effects of COVID-19,
widely referred to as LC, put great pressure on those affected, policymakers, and health care
systems worldwide. In the face of this looming health crisis of its own, numerous scientific
studies have been dedicated to advancing the understanding of LC. This has sparked debates
about the relevance of pathophysiological mechanisms as well as psychological factors for the
development and maintenance of LC.

The findings of this dissertation underline the contribution of psychological variables
to the etiology of LC. Psychological factors, especially illness-related anxiety, dysfunctional
symptom expectations, and depression, are associated with LC in addition to
pathophysiological changes. These features are modifiable, therefore representing a
reasonable target for treatments of LC. The brief, mechanism-based expectation management
intervention is one low-threshold intervention with great potential of supporting patients with
LC in reducing bothering PSS.

In contrast to a dualistic understanding of illness in terms of soma versus psyche, this
dissertation argues in favor of a biopsychosocial model of LC, which does justice to the true
meaning of psychosomatic medicine. A biopsychosocial view of LC can help to further
specify phenotypes so that individuals who meet positive psychological criteria can be
screened as early as possible and provided with tailored treatments, and meaningful
biomarkers can be identified more easily. Applied to other viral infections, the
biopsychosocial model can serve to prevent the development of PAIS in general.

For the future, well-designed trials investigating the prevalence of LC over time,
biopsychosocial mechanisms of symptom development and persistence, as well as effective
therapies for LC in the sense of comprehensive, multimodal health care are of highest clinical
priority in order to effectively support individuals suffering from this multisystemic condition.
To facilitate the implementation of scientific evidence, education of professionals, patients,
and the general population on the biopsychosocial model is needed. Further research needs,

such as the active involvement of affected patients in the research process, the continued
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studying of SSD in LC, and addressing the under-researched field of PAIS, are met as part of
the SOMA.CQV project.
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6. LIST OF ABBREVIATIONS

BMI

CBT
COPD
COVID-19
GAD-2
ICD-10

ICD-11

ICTRP

IgG
ISRCTN

LC

ME/CFS
MERS-CoV
MOOSE
NICE

PAIS

PCR

PEM
PHQ-15
PHQ-2
PHQ-9

PSS

RCT
SARS-CoV-1
SARS-CoV-2
SSD
SSD-12
SSS-8

Body mass index

Cognitive behavioral therapy

Chronic obstructive pulmonary disease
Coronavirus disease 2019

Generalized Anxiety Disorder Scale-2

International Statistical Classification of Diseases and Related Health
Problems, 10th revision

International Statistical Classification of Diseases and Related Health
Problems, 11th revision

International Clinical Trials Registry Platform
Immunoglobulin G

International Standard Randomised Controlled Trial Number
Long COVID

Myalgic encephalomyelitis/chronic fatigue syndrome
Middle East respiratory syndrome

Meta-analysis Of Observational Studies in Epidemiology
National Institute for Health and Care Excellence
Post-acute infection syndromes

Polymerase chain reaction

Post-exertional malaise

Patient Health Questionnaire-15

Patient Health Questionnaire-2

Patient Health Questionnaire-9

Persistent somatic symptoms

Randomized controlled trial

Severe acute respiratory syndrome coronavirus 1

Severe acute respiratory syndrome coronavirus 2
Somatic Symptom Disorder

Somatic Symptom Disorder - B Criteria Scale

Somatic Symptom Scale-8



UK
usS
WHO

United Kingdom
United States

World Health Organization
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8. APPPENDIX

8.1. Study
Risk factors for worsening of somatic symptom burden in a prospective cohort during the
COVID-19 pandemic

Engelmann, P., Léwe, B., Brehm, T., Weigel, A., Ullrich, F., Addo, M.,
Schulze zur Wiesch, J., Lohse, A., Toussaint, A.
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Risk factors for worsening of
somatic symptom burden in a
prospective cohort during the
COVID-19 pandemic

Petra Engelmann'*, Bernd Léwe!, Thomas Theo Brehm®3,
Angelika Weigel®, Felix Ullrich®®, Marylyn M. Addo®®,
Julian Schulze zur Wiesch®™*, Ansgar W. Lohse** and

Anne Toussaint

'Departmant af Peychosomatic Medidng and Psychotharspy, Universky Madicsl Cantar
Hamburg-Eppendort, Hamburg, Garmany, *Deparment of Intemal Medicing, Universiy Modicsl
Cartar Hambung-Eppandorf, Hamburg, Garmany, “Ganman Cantar for Infection Ressanch [DEF]
Fartrar Sita Hamburg -Li beck-Sorstel-Riems, Hamburg, Gammany

Intreduction: Little = known abouwt risk factors for both Long COWID and
somatic symptomes that develop in individuals without a history of COVID-19
in response o the pandemic. There is reason to assume an interplay between
pathophysiological mechanisms and psychosocial factors in the eticlogy of
SyMptom persistence.

Objective: Therafore, this study investigates specific risk factors for somatic
symptom deterioration in @ cohort of German adults with and without prior
SARS-CoV-2 infection.

Methods: German healthcare professionals undensent SARS-CoW-2 IgG
antibody testing and completed self-rating guestionnaires at baseline and
21 months later bebween April 2020 and February 2022. Differences in
variables between the time points were analyzed and a regression analysis was
performed to predict somatic symptom deterioration at follow-up.

Results: Seven hundred fifty-one adults completed both assessments. Until
follow-up, m = 58 had contracted SARS-CoV-2 confirmed by serclogy.
Batween baseline and follow -up, signs of mental and physical strain increased
sgnificantly in the sample. Symptom expectations associated with COVID-
19 and a self-reported history of COVID-19, but not serologically confirmed
SARS-CoV-2 infection, significantly predicted somatic symptom deterioration
ak follow-up. A further predictor was baseline psychological symptom burden.
Conclusions: This study supports 3 disease-owerarching biopsychosocial
model for the development of burdensome somatic symptoms during the
COVID-19 pandemic and supports research findings that symptomn burden
may be more related to the psychosocial effects of the pandemic than to
infection itself. Future studies on Long COVID should include SARS-CoW-2
negative control groups and consider symptom burden pricr to infection in
order to avoid an overestimation of prevalence rates.

Lo e

COWID-19, Long COVID, risk factors, Somatlc symptom burden, parcistant somatic
TYMpLOMS
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Introduction

In the third year of the global pandemic, there is growing
interest in the potential long-term effects of SARS-CoV-2
infection, as studies indicate that a substantial portion of
COVID-19 patients does not fully recover. Instead, ongoing
symptoms like fatigoe, shoriness of breath, olfactory and
gustatory dysfunction, and pain are reported (Loger-Leon et al,,
10215 Swdre ot al, 2021; Seefle et al, 2022). Howewer, Ll
is known about pspchological predictors of symptom burden
Long COVID. According to the British Mational Institute for
Health and Care Excellence (MICE) COVID-19 guideline and
the German Asspciation of the Scientific Medical Societies
{AWMF) 51-guideline "Post-OOVIDVLong-COVIDY this term
is carmently wsed to describe symptoms that last more than 4
weeks afier the onsst of a SARS-CoV-2 infection, can affect
almost every system in the body, may change over time, and
are not explained by an alternative diagnosis (Carfi et ol 2000
Kocrulla et al, 2021; Shak et al. 2021} Also, risk factors for
the development of burdensome somatic symptoms during the
COVID-19 pandemic in individuals who have not been infected
with SARS-CoV-2 have hardly been investigated so far.

In terms of general risk factors for the development
of persistent somatic symptoms (PSE), corrent disease-
n'r:n.rd!m.gmu-d.:ll!]!cnrmgsemra_ 2018; Lowe at al., 2037)
Proposs a multifactorial ebn]ngr :I.m]'l'I.I:I.E pqio]ug:nl.
sociodemographic, and biomedical factors.  Regarding
biomedical factars, Prior medical conditions  {(Casssen-
van Dessel ot al., 2018) amd mel.l.nnlng;iﬂu] factors (Rief and
Martin, 2014} have been foond to increass the ﬂrndiq]:-.il.inn
for PSS, while stressors like acuir infecbons are considered
triggering factors for short-term symptoms (Lawe o al., 2006).
such as anxiety {Creed, 301% Nils and ODonovan, 200%
Behm et al, 2021}, d.q'.ln:m (Fischer =t al, 2003 Lil:ﬂbL‘l.I'E_
et al, J017), and Wd distress {K:irma.}'e:r et al., 2004;
Deary et al . 2007). Ilq'nnd. that, recent studies hawve shown
that the expectation of experiencing persistent symptoms is
crucial for symptom processing and persistence (Van den Bergh
et al, 2007 Kube ot al, 30200, Eou.nqmlﬂlf,apﬂchtinnu. Le.,
of symptoms, have been found to predict symptom course in
a wide range of medical and psychological conditions, eg.,
chromic I-z'l"u: !’ud:mm: (Moss-Morris et 21, 2001).

Dhse to the omnigresence of the toglic in personal experiences
mﬂ'ﬂ:emadi:.lhnmuﬁnly:bmlﬂ!mmoﬂh:pnndmd:.
other government restrictions (Holmes et al, 20205 Hossain
et al, 7020}, pandemic-related distress might function as a risk
factar for PS5 in non-infected populations. In fct, anxiety and
fear of infection have been reported to occur more frequently
in response to the COVID-19 outhreak compared to before
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the p:mdunic {Ga]'_'g'he:r ot al, 7020 [ungmann and ‘Witthads,
20005 Sawer et al, 2000 Kibbey et al, 2021). Thus, COVID-
19 related health worries might promote the tendency to
ascribe certain hodily perceptions and symptoms to SARS-CoV-
2 infection (Taylor =t al, 2000 Tull et al. 2020). The few
studies investigating PS5 in populations that did not contract
SARS-CoV-2 confirmed somatization to be common during
the ]hndﬂnl.c [Ran et al, 2000 Hao =t al, 2021} and found
an association between OOVID-19 related anxisty and somatic
symptoms {Liu =t al, 20201 Yet, studies that explicitly examine
risk factors for the development of somatic symptoms in
individuals without former SARS-CoV-2 infection during the
pandemic are largely missing. In the analysis of an earlier follow-
ug time point of the here presented samgple, we found baseline
2= a nurse, younger age, higher prychalogical symptom burden,
lower efficiency, and higher fatigability at basdine to predict
somatic symptom burden in a cohort withowt prior SARS-CaV-2
iu&cﬁnnaﬂzrﬁwnd:f]'mge'mnrrral '-'E"l]l
antoantibodses, wiremia, and pre-existing medical conditions
including type 1 dishetes can be considered biomedical risk
factors for Long COVID (Townsend =t al, 3020 Lopes-Leon
et al, 2021; Sudre ot al., 2021; Chudrik o al, 2022; Sn et al,
2027). In a recent systematic review and met-analysis of 20
studies investigating prognostic factors for Long COVID in
adults previowsly hospitalized for OOVID-19, female sex and
for P55 at least 12 wesks afier the infection (Maglistta =t al,
2027).

However, current evidence shows that also a high nomber
of COVID-19 patients without these clinical risk Bctors report
somatic symptoms months after the initial infection (Moreno-
Pérer et al, 2021). Besides, several studies indicated a small or
no association between Long COVID and indtial dissase severity
(Townsend et al, 2020; Sodre e al, 2021; Sykes et al, 2021;
Bungenberg et al., 2022; Huang et al., 7022). Many symtoms of
Long COVID are unspecihe (Davis et al, 7021) and have been
shown to frequently occur in the general population prior to
the COVID-19 pandemic (Hinz et al, 2007). Therefore, it seems
reasomable to assume a biopsychosocial perspective in explaining
Lomg COVID, ie, an interplay between pathophysiological
mechanisms and psychological factors (Yelin = 2l., 20205 Sykes
e al, 2021} E'ti']].mﬂrl&wd:ﬂliﬂ]:nrbunmdnﬁﬂi
on psychological risk factors for Long COVID. Preliminary
evidence pPoinks o the imortamoe of anxiety, dzpum
and symptom expecations (Townsend er al. 20205 Tague:
et al, 2021; Matta et al, 7027 In a rnc:nﬁf ]JuhlLﬂ:.ﬂ:l ]:.rg;l:
been infected with SARS-CoV-2 in the past was signihcantly
associated with somatic symptoms persisting for at least B
weeks, whils a positive serology test result was only positively
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nnEﬂq}mbdmﬂD-lgudmquhﬂtmm}h{Ma:u ot al,
I

The congruence between risk factors described in
overarching disease models for the etiology of PSS (Henningsen
ot al., 2018; Liwe =t al, 2022) and those that hawe been found
psychological predictors of worsening of somatic symptoms
over the course of the pandemic in both individuals formerly
infected with SARS-CoV-2 and individuals without a history
of COVID-19 to be highly relevant. Most studies on Long
COVID lack adsquate contral !n:l.q'.ll {Amin-Chowdhury and
Ladhani, 2001) and simuoltansouns gations of predictors
of P55 in affected and unafectsd poprulations have not yet been
conducted With regard to observation periods, the datn basis
of most publications refers to the first wave of infection in
2020 (Maur et 2l, 2021). Follow-up assessments are necessary
to identify symptom development and prediciors of symptom
charge ever since, as the pandemics effect may have evolved
over time.

Therefore, the objective of the present stody was to
prospectively examine the course of somatic and psychological
symptoms 2= well as specific risk factors for somatic symptom
deterioration afier 21 months in individuals with and without
SARS-CoV-2 infection since baseline To further assess the
rale of SARS-CoV-2 infection for self-reported somatic and
psychological symptoms, we aimed to compare participants with
SARS-CoV-1 positive and negative IgG antihody test resalis and
positive and negative self-reparted SARS-CoV-2 infection. In
geneml, it was our aim to improve the understanding of some of
the various hypothesited hiopsychosocial risk factors invalved in
the development of burdensome somatic symptoms in response
to the COVID-18 pandemic.

Materials and methods
Participants and study design

The current study used the first and last of four waves of data
collection within a prospective cobort study to determine the
seroprevalence of SARS-CoV-2 and to track bothersome saomatic
symptoms during the pandemic [Brehm e al.. 2021; Engelmann
et al, 2021). Data were collected among healthcare professionals
warking at the University Medical Center Hambuarg, Germany.
Inclusion criteria were at least 18 years of age, employment at the
University Medical Center Hamburg, informed consent, and the
ability to understand German. Recruitment was carried out by
informing employess both in person and via an internal email
newsletier. Prior io recruftment, written informed consent was
obtained from all study participants. To promote participant
retention, participation reminders were sent oat before sach data
collection point via an email reminder as well as regulbrly via
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mﬂdln:w:]:ﬂ:r.mmﬂ:"ﬂmbnnnlﬂ Ipprwrﬂib'_r the ethics
hoard of the Hamburg Medical Chamber, Germany (FV 7258).

Mhﬂdln:ﬂ'ﬂ].aﬁe_gmﬂ:nmﬂ]kﬂfuﬁmmmuﬂd
in a sociodemographic questionmaire. At baseline as well as
at follow-up 21 months later (T1), participants completed a
hattery of self-rating questionnaires. Baseline data collection
started at the end of April and was completed at the begirming
af July 2020. Follow-up data collection took place betwesn
January and February 2022 The data collection period thus
covered the peak phase of the pandemic in Germany o date.
All participants underwent SARS-CoV-2 1gG antibody testing
Elood samples were taken at baseBne and follow-u and a semi-
quantitative SARS-CoV-2 immunoglobin (1g) G enryme-linked
immunosorbent assxy (ELISA) targeting the 51-Domain of
the 5-protein siike protein subunit (Eurcimmun Medirinische
Labordiagniostika, Libeck, Germany) was performed according
to the mamufacturer’s instructions. & stringent cut-off ratio of
the extinction of the serum sample over the extinction of the
calibrator of = 1.5 for positive results was used, which has been
shown to display a specificity of 100% (Pllager et 2, 2020), in
arder to account for the low prevalence environment.

Instruments

For a detailsd dmu'q]bmn of the instroments vsed, see
Engelmann et al (2022). In short, somatic symptom borden was
assessed via the Somatic Symptom Scale-8 [555-8 (Gierk = al,
2014)] which measuares sight common somatic symptoms (eg.,
shoriness of breath and joint pain) on a five-point response
range (0—4). Sum scores can be categorized into minimal (0-3
paints), low (4-7 points), medium (B-11 points), high (12-15
points), or very high (16-32 points) somatic symptom burden.
Psychological symptom borden was inguired via the Somatic
Symptom Disorder-B Criteria Scale [S50-12 (Toussaint et al,
2016)]. Comsisting of 12 items, it uses four ftems respectively to
ask ahout psychalogical burden related to the somatic symptoms
on an emotional, cognitive, and behavioral level & score
hetween 0 and 4 is used for each of the 12 items and a total score
is calculated from the sum of the items. Symptom expectations
associated with COVID-19 were assessed using a self-developed
nomeric rating scale (NES: "How much do you expect to be
burdened by symptoms in case of a COVID-19 infsction?”) with
a range from 0 to 10, Participanis were instrocted to answer
the item on symptom expectations only if they had not been
infected with SARS-CoV-2 yet. Depiression and anxiety severity
were examined with the PHQ-4 [Patient Health (Questiommaire
(Eroenke ot al, 7005)], the ultrashart form of the Patient Health
Coestionnaire (PHQ-D) which consists of 4 items. We ussd
responses are scored between 0 and 3, resulting in a total score
between 0 and & To assess the internal consistency of the
used scales in our sample, Cronbachs alpha was caloalated All
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reliahilities were a.n:-th]:]: to excellent (SS5-8- 070, SSD-12:
0093, FHQ-4: 0.84).

Additionally, participants were asked by a dichotomous item
if they had a history of COWID-19 (7T have been diagnosed with
SARS-CoV-2 infection by nasalipharyngeal swabbing™), and if
they suffer or have suffered from Long COVID {"Do you suffer
or have you suffered from Long COVID syndrome?”) with three
rﬂpmrqlﬁmsm'ilfuhtm] ]nremm'[.nug
COVID syndrome™; “Yes, | am still suffering from Long COVID
syndrome"). Farticipants were also asked if and how often they
had been vaccinated against COVID-19. Except for the items on
Lang COVID and vaccination, all instruments were employed at
both baseling and follow-ugp assessment

Statistical analyses

Statistical amalyses were conducted wsing IBM 5PSS 17.
For sample characteristics, descriptive statistics were used_ In
order to detect potential selection bias, dropout analyses were
performed. Differences between psychological variables at TO
and T1 within the study group were compared with paired
samiples £-tests.

To explore the impact of non-modifable and modifiable
factors on somatic symptom change between T and TI, a
multiple linear regression analysis controlling for age, gender,
and somatic symptom burden at TO was conducted. As pre-
specified predictors, the regression model inchsdad SARS-CoV-2
infection since TO determined by [gG antibody test and self-
reported SARS-CoV-2 infection since T0, as well as modifiable
explnatory baseline measures [prychological symptom barden,
symptom expectations associated with COVID-19, depression
severity, and anxiety sewerity). The dependent variable was
somatic symptom change (A 555-B) between TO and TL
Mulbticollinearity was examined throogh tolerance and variance
inflation factor criteria. The assumgption was not violated.

Comparisons between participants differing in terms of
SARS-CoV-2 IgG antibody test result at T1 and self-reported
belief of SARS-CoV-2 infection since T0 on the continwous
study wariables at T1 were computed by forming four groups
("seralogy and belief no.” “serology and belief yes.” “s=rology no
and belief yes” “serology yes and belief no”) and performing
one-way ANOVA

Results

Sample characteristics

In total, N = I,m]::albmtpcmﬁmimlllpdz 1B years
{27.0% norees, 10_5% medical doctors, 3.4% medical (technical)

assistants, & 3% scentists, 5.6% Idm.miimhﬂﬂnph}'m:. 1 B%
others such as pharmacists, psychologists, social educations
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warkers, studenis) were rncmﬂnd.ﬂft]!.:l.mpurﬁ:ip:mlsu
basebine, m = 751 {41.9%) completed the measares at follow-up
after 21 months. The mean follow-up interval was M = 20007
(5D = 0.37) months. Compared to the drogout grouy, the study
samplle was characterized by significantly clder age (stody grougp:
M = 4032, S0 = 11.7% dropout grouf M = 3558, S0 =
11.3% p « 0.001), a higher percentage of females (stody groug:
ﬂﬂﬁmﬂhﬂ&mm:mﬁmptﬂml},mﬂa
signihcantly lower depression severity (stody group: M — D58,
SOV = LM dropout groups M = 102, 5D = L1I; p = 001}
All other scores were within similar range in both groups. The
study sample had a mean age of M = 4026 years (50— 11.75).
At follow-up, 93.3% of the study sample reported to be fully
mhﬂda@immﬂﬂlg.i{..ﬁmm:mﬁng
to the recommendation at that time.

Comparison between study variables at
baseline and follow-up

Table | shows the comparison between relevant variables
within the study sample at basaline and follow-up. Significan:
differences were found between the two time points on all
variables, with sgnificantly higher scores of somatic and
psychological spmpéom barden as well as depression and anxiety
severity at follow-up. Symptom expectations associated with
COVID-19 significantly decreased ower time. According to the
ﬁd:h;ﬂdﬁmumn{mﬂm@hﬂz{[klhcn. 2013).

Prediction of somatic symptom
deterioration

Between basebne and follow-up, participants’ somatic
symptom borden increased by an awerage of 1.74 points on
the 555-8 (range from worsening by 1B points to imgrovement
by 11 paints, 50 = 3.76). Predictors of somatic symptom
deterioration between baseline and follow-ug are shown in
Table 2. According to our regression model, 17% of the variance
in somatic symptom change could be explined by three
af the induded factors. The strongest predictor of somatic
symptom deterioration after 31 months was psychological
symptom burden at baseline. In addition, particpants with
higher symptom expectations associated with COVID-19 at
haseline as well as those who reported a SARS-CoV-2 infection
since baseline were more likely to report somatic symptom
deterioration after 21 months.

Participants' serologically confirmed SARS-CoW-2 infection
since baseline determined by IgG antibody test, as well as
depression severity and anzisty severity at baseline did mot
significantly contribute to the explained wariance in somatic
sympitom deterioration at follow-ap.
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TABLE 1 Comparizon batwean study varisbles 3t TO amd TA (0 = T751).
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Variahle 0 Tl & p-Vahue ES
Somatic sympsom burden (S55-81, M (30} LI5{341) LB 1750 = —1L68;p = 0LODL —046
Pepchoiogical symplom berdes (S50- 13), M (500 55T 1.3(T52) 1 [750) = —1034;p = 0001 -13
Symplnm expeciatims (NB3), M (507 418 (20T 15(193) LTS} = 5AT;  « 00 12
Dprossion severity (FHQ-T), M (S0 LB {1.04) L4 (LT} {750 = — 603 p o L801 —am
Aniety severity (GAD-T), M (509 L72{103) 0L96(133) {750 = 550 p o L80I -3

M, mean; 50 stmderd doviaon; BS, cfed s (Cohols &) 558, Somutic Sympion: Sale-8 (mnge $33); 55012, Somesc Symptom Dieonde-B Critem Salke frge 0-48;
M, rumeris rating scal, symplom cxpocteiome "How mach do pon cpect in be besdond by sympiom in cos of s (OVID-19 inktionl™ rngs 0-10; PHO-L, Paticnt Heakh
Qoo I-len depromion sclke (rege- -1 GADVL, ConemaBiaed. Aty Disoeder Soale, I-tiers ety scile (mmge & 11 xignificnt poalos: printed in beld mark.

TABLE Z Mutipla lingar regression anatysis b test prodictons of somatic symptom changa (A S55-8) 2t foliow-up, adjusting for aga, gandar, and

somatic symptom burdan 3t basalna jn = 751).

Predictor b (5E) £ P

SARS-C¥-2 smfection since baseline determings by It antbady test — LI T —nm Wi
Self-reporied SARS-CoV-2 infaction since hassling L3€{07E} o3 BT
Prpchoiogical symplom berdes al bassne: (S50- 13) 011 {083} LIE LTI
Sympinm expeciatim al basdne (HES) 020{047} i LT
Deprossion severityal basding (PHO-T) 02§16} LT3 Wi
Anuiety severity al basiing (OAD-T) LM{LIT} M w1

S5 4, Srommtic Sympiren Seale & S012, Soraatic
sympirens in co of o OOVID 19 infectionT™ frange & 10); PHO-2. Paiens Healik

[Dserder- E Crienia Sale Nﬁ,lm ri‘

mympion erpecissomr "Fow muck dn you expect & be bardesed by
2 erm sl (ramge -1 GADL, Conerafacd Axicty Diaceder Scale,

2t ity scale (rmge B 12) adjused 07 = LIST, AP = LITL AF = :ml_mm.,ar_ A0 sigrificant pralacs priied in buld raark-

Group comparisons on study variables

At basdine, none of the partidpants of our study sample
had a history of COVID-I9 according to both SARS-CaV-2
1gG antibody test result as well as self-report. During the 2
years of the stody period, m = 58 participants had contracted
SARS-CoV-2 confirmed by positive SARS-CaV-2 [gi antbody
test result, while at follow-up m = &8 participants reported
to have been through a SARS-CoV-2 infection. OF those wha
reported a former SARS-CoV-1 infection, in n = 11 this
could mot be confirmed by a positive antibody test resalt OF
those participants with a positive antibody test resalt, n = 13
reported no history of COVID-19, ie, had suffered from a
hidden infection.

Comparisons between the four groups differing in terms
of SABS-CoV-2 IgG anthody test result at follow-up and
seli-reparted belief of SARS-CoV-1 infection since baseline
(“seralogy and belief no;” “serology and belief yes. "serology
mlndb:h&pn"mhgyrludbdﬂm'}mﬁemﬂy
mi:blumﬁcmdpqdmhgin]qmphm'bmdm symptom
exfectats and dey o and anxiety severity at follow-up
are shown in F:h;ea.ﬂm—ﬂ:yﬁNﬂVﬁpddﬂdmmpEﬂ.ﬂ
differences betwesn groups on any of the variables. Regarding
the 555-8 scores, there was a trend toward a significant between-
group difference (p = 0060) The “serology oo and belisf
yes group stated the highest 555-B mean score of all of the

Frantiars in Psychoogy

four groups at follow-op. The second highest 555-8 score was
reported by the “serclogy yes and belief yes™ group, followed
by the “serclogy no and belief na” group. The “serology
yes and beliel o™ group stated the lowest mean somatic
symptom barden

In terms of Long OOVID, r = 13 of the n = 58 participants
with a prior infaction confirmed by positive SARS-CoV-2 g5
antibody test result stated at follow-op to suffer (n = 7) or to
hawve saffered {n — &) from Long COVID. Beyond that, m — 3
participants withowt a positive antibody test resalt reported to
have experienced Long COVID in the past Due to the small
sample size of this group, we did not perform any farther
statistical analyses regarding Long COWVIDL

Discussion

Risk factors for somatic symptom
deterioration during the COVID-19
pandemic

The results of this prospective cohort study indicate
symptom expectations, as opposed to serologically confirmed
54 R5-CoV-2 infection, to be relevant for the report of worsening

af somatic symptoms over the course of the pandemic. Symptom
expectations as well as a self-reported SARS-CoV-2 infection
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TABLES Comparizon babwsan groups difforing ini tonms of SARS-Cow'- 2 sarcdogy amd solf-roported bolef of SARS-CoV-2 Infoction on shudy

variablas at T4 [n = 6841

Variable Serology- Serology+

Belief- Beelief+ Belief- Belief+ F4, TAE) N2

{m==615) (m=11) (mn=13) {m =45)

Somalic sympéom burden (555-8), M (30) 48T [L1Ty 755 (.08 ZES(33d) B (435 im i
Pepchologncal symplom bardes (S50 1), M (E00 F35 734} 1073 {1057 B15(838) T F5L 084 fubn
Symplom expeciatinm (NB5}, M (509 156 (193} LL(144) - 047 o
Dpression severity { PHO- I, M E00 LIS [L16} L13{1.7E) 1.3 (093] L= 7 e ] 03z fubn
Anziety srverity (DAD-T), M (=00 094 [L19y L55{1.75) DLITId4) DER (LIS (e ] i

Seralagy st revadt ar scll-reparted beficd of SAS-CoV-2 infecion ragaties (-} 2r pasitiee (% M, mes; S0, standued doviatior; 5B, Soratic Syrogptorn Scale 3 frange 1-333; B0-

12, Soomc: Sympion Diseder-E Criteria Sole (rnge 81 KBS, oumernic miing s, sympion

“Howr romach. do pom cxpect in be berdered by sympiom i@ oo of

» GV 19 infiction?” (range -1 PHQ-Z, Pasient Hedh Qurstiommi, 2-lien deprosicn scile g 0-12% GADL, Generalined Anicty Diserder Sole, 2iten micty acde
{ranges [ 12k reining vl on eyt cxpectatiom an du iothe fact e parsicipand e imtrcied to s the iten by if sy b not o infoed with SARS CoV-2 et ol

poolum = 05

since baseline were found to be signihcant predictors of somatic
symptom deterioration after 21 months, while actal infection
confirmed by reliable SARS-Co¥-2 IgG antibody testing was
not Baseline psychological burden associated with somatic
symptoms emerged as a further predictor of somatic symptom
deterioration at follow-up. We found an interesting, yet oot
significant trend in our data, revealing that individuals who
had a negative SARS-CoV-2 IgG antihody test but who believed
they have been infected since baseline showed higher somatic
symptom burden afier 21 months than individuals with a
positive SARS-CoV-2 IgG antibady test who did not know
aboat their infection. This result needs confirmation in well-
powered samples, however, the results of this stody support the
importance of disese-overarching biopsychosocial models for
the development of PSS (Henningsen et al, 2018; Lawe et al,
1021) which might also be relevant for symptom persistence in
Lang COVID.

Our findings are in line with a cross-sectional population-
based French cohort study of N = 26,823 participants in which
CoV-2 in the past was signibcantly associated with symptom
persistence of B weeks or mare. Whereas, a positive serology
anosmia, with no significant interaction between self-reported
COVID-19 and serology test resubts (Mastta et 2l, 2022)
The present study not only supports thess Andings, but our
prospective design provides additional corroboration of the
importance of expectations for the development of bothersome
somatic symptoms in response to the COVID-19 pandemic
regardless of SARS-CoV-2 serology status A missing link
has also recently been reported in 2 patient group with acute
SARS-CoV-2 infection. Im an observational cohort study of
non-hospitalized adolescents and young adults iohring m =
405 positive COVID-19 cses and 7 = 111 non-COVID-19
contrals, Lund Berven et al {2022) found a higher incidence of
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COVID-typical dinical symptoms among the COVID-19 cases.
However, dinical symptoms were independent of ohjective
expectations to predict symptom course, treatment beneht, and
negative trestment side effects has been confirmed before the
pandemic for a variety of medical illnesses and also for somatic
symptoms relevant in Long COVID, such as pain and fatigue
(Goffaus ot al, 70085 Moss-Maorris =t al, 20011; Vame et al, 2005
Schmits &t al , 20019

Cur results are corsistent with previous studies in which
prior psychological symptom burden has been found to be
a risk fartor for PSS (Voigt et al, 2013 Klaos e al, 2005
Lawe et al, 2021). In the analysis of an eadier follow-up
time point of the here presented sample, baseline psychological
symptom borden was found to be a predictor of somatic
symptom burden in 2 cohort without prior SARS-CoV-2
infection after 8 wesks (Engelmann et al. 2022). In contrast to
the previous analysis, baseline anxisty did not predict somatic
symptom deterioration at the 21 months follow-up, while
symptom expectations did. Anziety seems to be an important
predictor of somatic symptom burden in the short term,
whereas symptom expectations seem to be more relevant in the
longer term. This finding may be influenced by 2 measarement
hias. While we measured anxiety with the GAD-7, assessing
general anxiety, we inquired symptom expectations specifically
addressing COVID-19. Accordingly, the dirsctly COVID-19
related question appears to better predict somatic symgpom
burden at longer-term follow-up than general gquestions on
anxiety and worrying.

Development of psychological distress
over time

Ower the period of data collection from spring 2020 wontil
the beginning of 2022, both psychological and somatic symgom
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burden increased significantly in our sample Publications
of data collected early in the pandemic reported deleteriows
depression and arxiety than pre-pandemic estimates in the
genenal population (Ettman et al, 2020; Pierce et al. 2000
.‘Jn-ti'la.iwn:ng et al, 2021; Elasco-Belled =t al, 2072) and in
sumiples of healthcare professionals (Pappa et al, 2020 Bekele
and Hajure, 2021; Hao = al. 2021; Blasco-Belled =t al, 2027).
In contrast, some later studies snggest that after an initial peak,
psychological distress gradimlly declined over time until almost
returming to basaline levels by mid-2020 (Fancour: = al, 2021;
Aknin et al, 2027; Fobinson et al, 2022} The latter results
cannot be confirmed by our data Howewes, it is to say that
even at follow-ug, overall somatic and psychalogical impairment
in our study must be considered low to moderate compared
to normative values (EKroenks = al, 2000 Gierk =t al, 2004;
Toussaint et al, 7020). Even though we did not assess symptoms
before the COVID-19 outhreak in our sample, this ssems to
be in line with studies of representative German samples that
found only small increases of symptoms of depression and
anxiety during the OOVID-19 pandemic in comparison b pre-
pandemic levels (Entringer =t al, 2020; Peters = al, 2000
Beutel et al, 2021). Recent fndings suggest that vaccination
against OOVID-19 may have a positive impact on mental
wellbeing (Eabicki et al . 2021). Since almaost oor entire sample
reported to be fully vacdnated, this could also phy a role
in oor results.

Strengths and limitations

A particular strength of this study is its prospective design,
which adds further evidence to previows cross-sectional results
(Matta et 2l, 2027), as well as the l'l.rg;l.- nmp].: of German
adults which induded both participants who did and who
did not contract SARS-CoV-2. Most studies on Long COVID
lack adequate comtrol groops and do oot consider symptom
burden prior to infection, which calls published prevalences
inlo question {I.Dper.-l.en-r. et al, 2021; I!-'_“er.ir.g et al, 2002%
Seeflle ot al  2027). Therefore, it was our aim to assess somatic
symptom deterioration in both individuals with and without
formar SARS-CaV-2 infection. Moreower, there & a lack of
I‘.nmrhdg:nnpnhm.lial pqﬂ:mci:.lri:kfzdm-:ﬁrhﬂi the
development of Long COVID and of PSS in individuals without
prior SARS-CoW-1 infection during the pandemic. This is one
of the first studies to simubanecusly iovestigate risk factors
for somatic symptom deterioration in a sample of affected and
unaffected individuals. In contrast to most other pubBshed data
sa far (Mawr et al| 2021; Masta et al, 2022), oar prospective
study reporis data taking inko account almost I years of the
pandemic event.

The small proportion of car sample of 7.7% who has been
infected with SARS-CoV-2 must be considered a limitation
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to our study. Consequently, our comgarisons between groops
af SARS-CoV-1 IgG antibody test result and self-reported
belisf of SARS-CoV-1 infection are only interpretable to a
limited extent. The percentage of previously infected individuals
in our study is comparable to other reports on healthcare
professionals. A sy i review and meta-anakysis of infection
prevalence rates in healthcare professionals across 97 healthcare
settings in Europe, the United States, and Asia found the rate
to be 7% based on antihody testing and 11% using reverse
transcriphion PCH assays [Gémer-Ochoa =t al, 2021). In a
longitudinal study of N = 1,506 healthcare professionals at
a German General an}i:h].. 165 [10.68%) participants beshe]
positive for SARS-CoV-2 infection within a one-year period
hebwesn .ﬁ.]Jr.i]. 020 and A.]Jn] 21 (Platten = al, 2077).
Farther studies with a higher oumber of formery infected
partidipants would be nesded in order to confirm oor results.
Also, since healthcare professionals represent a high-risk group
for experiencing mental health issues (Maben and Bridges,
2020} and somatic symioms like= El:ig;n: {Eawano, 7008), our
study sample could limit the generalizability of our results. The
discrepancy between participants in our sample with a history
af COVID-1% confirmed by positive SARS-CoV-2 IgG antibody
test result and those who self-reported to have previoushy
heen diagnosed with SARS-CoV-2 infection by nasalfpharyngeal
swabbing cannot be fully reconstructed on the basis of our
data. The swab resulis themselves may have been incarrect
(false positive) or participants agresd to the item becanse
they were actnally convinced of an infection even without a
positive test result. Another explanation could be the antibady
test results. We determined prior SARS-CoV-2 infection by
SARS-CoV-1 IgG ELISA. While antshody responses have been
shown to maintain for more than 1 year post infection in
symptomatic patients (Scheiblauer =t al, 2022}, serological
responses in individoals with asymp ic ar mild infections
are less well understood and may dedine maore rapadly (Efrat
et al, 2021; Tiam et al, 2021). Therefore, it is possible that not
all BARS-CoV-1 infections in our samgle have been detected by
antibody testing.

We assessed somatic spmptom burden at baseline and
follow-op osing the 555-8, which uses a 7-day period
Accordingly, we only measured shori-term symptoms at both
conchsions on Persistent symptoms. We did not use a Long
COVID specific instrument since harmonired core outcome
deweloped (Munblit =t al, 2027). Another limitation is that
we did not emamine some of the previowsly reported risk
ar pre-existing medical or psychiatric conditions [Loper-
Leon et al, 2021; Sudre = al, 2021; Su et al, 2027),
and therefore do not know about their potential relevance
for our sample. Futore stodies should toke these fctors

into acoount
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Conclusion

The Endings of this study provide evidence for the
relevance of biopsychosodial risk fctors (Henningsen et al,
2018 Liwe et al, 2021} in explaining bath burdensome somatic
symptoms in individoals formerly infected with SARS-CoW-
2 as well as somatic symptoms that develop in responss o
the OOVID-19 pandemic in individuals that hawe not been
infectsd with SARS-CoV-2. Thus, oor resubis are in line
with current ewidence which confirms that a high number of
low-risk COVID-19 patients develop Lomng COVID (Moreno-
Pérer ot al, 7071) and shows LEtls or no association betwesn
Long COVID and initial disease severity (Towmsend =t al,
2% Swudre =t al, 2021; 5}{:-:-: et al, 2021; Huang et al,
2021). In particular, dyshanctional symptom expectations seem
to play a major role for the report of somatic symptom
SARS-CoV-2, which indicates that sympioms that are actually
associated with distress caused by the pandemic might be
falsely attributed to effects of SARS-CoV-2 infection. Therefore,
future studies on Long COVID should indude control groups
without former SARS-CoV-2 infection and consider symptom
burden prior to infection in order o avoid an imation

103365 Mpeyyg 2022 1022203

support healthcare professionals in dealing with burdensome
somatic sympboms.
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of the prevalence of Lomg COVID (Amin-Chowdhary and
Ladhani, 2021; Ballering et al, 2027). This i of particular
importance as media reports of escessive strains throngh
thereby contribute to a worsening of symptoms in those
affected In these studies, forther psychological factors like
processes like awoidance behavior should be investigated to
imvolved in somatic symptom burden due to the COVID-
19 pandemic.

Since dysfunctional symptom expectations seem be invalved
in the development of PSS during the COVID-159 pandsmic,
they should be addressed in corresponding interventions.
Targeted expectation management has already been shown o
impirove clinical outcomes in several other medical conditions
[Rief et al , 2017; Kube £t al, 2008; Fan et al,, 2020 According
to our results, interventions should be made accessible especially
for individuals with a history of symptom burden. Interventions
trying to foster healthcare professionals’ coping with infections
at all {.'":aqe- et al, 2021} With rq:m:' to fatire pnnduniu.
it is important for healthcare oorganirations to preventively
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8.2.  Study Il
Psychological risk factors for Long COVID and their modification: study protocol of a three-
arm, randomised controlled trial (SOMA.CQOV)
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Background
Growing evidence suggeds hatin addiion o pthopiysio-
Iogical, thera am peychaiogical risk Botors invalved in he
deselogment of Long COMDL linessrelated anxety and
dysfunctional sympiom epectSIons sesm o conriue o
SYTDA0M persEtence.

Alms

Wit mgard o the developrment of efiective herapes, our -
mary aimis o imeestigate whethe rsymptoms of Long COMD can
e imgroed by a Engeted modidcaton of iiness-relaed andesy
and dyshunctional symsom expecistions. Second, we am o
Iderady add monal psychasocl risk facios that comributa o he
pergsience of Long COVD, and compare them with risk facions
for sympiom perdstence in ather dincal condgons.

Method

wenwall conduct an obserser-biindad, thres-arm, mndamsad
conroled mal A total of 258 pagents wit Long COVID wil be
randomizsadinio three groups of aqual e langeted evpe ciation
managemant in ad deon to tearmen s usual TaL, nan-
spacific suppartiee trasment plus TAU, or TAL anly. Both actve
Imtevention groups will comrza thres indikddusl anline video

Psychological risk factors for Long COVID and their
modification: study protocol of a three-arm,
randomised controlled trial (SOMA.COV)

Petra Engelmann, Chiistian Bichel, Jandis Frommbold, HansF. E. Klose, AnsgarW. Lohse, Kerstin Maghder,
¥vonne Nestoriuc, Martin Scherer, Anna Suling Anne Toussaint, Angelika Weigel, Antonia Zapfand

consutEtion sesdans and a booster session aker 3 momhs. The
pimany Gtcomea £ basaing 9 post-ntensentonal changs in
ol SOMEtic SYMptom severty.

Caonclusions

The study wil shed light omo the action mechansms o a -
geted enpaciEtion management intemvention for Lang COVID,
wiich, i prowen efle cive, can be wsad stand-done or in the
comext ol bmader thampeanic appmache s Furher, fie sudy

wall enabiie a befer undestandng of symptom perdstence in
Liong COWID by Identidying add@onal pychological sk oo,

Keywortds
Long COVIDT post-0OVID-19 cond Bom, persistent somatc
symptoms; biopsychosocal madel; s facios.

Copyright and usage
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onbehall of e Royal Colege of Psychiamists. This b an Open
Aocass artcle, detabued undar fe terms of the Craatve
Commons Amribution loence (M- frasivacammon s.ong'
lcernses/ oy 400, which pamits unrestacied reusa, distrbwion
and repmductan, provided the angnal amcla = propery cted.

Mnmﬂﬂﬂiﬂaﬁﬂ'miﬂfnﬂimwﬂismmﬁihﬂm
a substantial portion of affected patients do net fully recover and
my be at risk of persistent somatic symptoms - o phenomenan
often described &8 Tong OOVIDF. There is growing evidense that

d.ﬂ:l:pm:ntcflm:g COVID is mubifadorial and involves
pdl'l.q)l‘wdc‘znl. F]I‘Iulngd and sacial mechmisms
peychalogical risk ficions, increased levels of diness-related
amddrd‘unu:nnul expectations™ appear
pcm_ symptom s istenae after BARS-COWV-2 indection.
Since bath factors @n polertially be modified by targeted interven-
mhmﬂmw:mmmim
anxidy and dysfuncional symptom expedations.

The term Lang OOV I has beoom e widely used to describe per-
sistent somuatic s after o BARS-CoW-2 infection has
resohvesl Although Long OOV ID syndrom e still budes specific def-
inition, chssifiation and disgnatic F.‘H.llitll.z it is thought to
comprise symptoms that kst >4 weeks after the anset of 2 SARS-
CoV-2 infﬂdim;maﬁdalmut:m‘rwpmminﬂ!
by, may over fimeand arenot hetter by analter-
native dizgnosia” Acmrding tothe UK Nafional Institute fir Health
and Care Excellence (MICE) OOV ID-19 guideline and the German
hmihmﬁ:uﬁﬁm{ﬁ%mﬂ:-
bine “Post- COVIDYLang-O0VIDY, Long COVID subsumes both
‘onging sympiomatic OOVID: 19 (4=12 weeks afier infecfion)
and ‘post-OOVID-19 syndrome {>12 weels afer infection).”
mlnmgm‘ﬂmﬁimdﬂ'ﬂuuﬂrdhhﬂmpﬂtm
somatic symptoms (PES), which is used to descrive mbjectively

o contribute to

hitpasidal ongd TOLT TR 0.0 320 Pu bl Bhed dnbing by Cam bridde Unbsarily Pricd

d.-:'_mglmmh: irres cflhﬂraﬂ:dc'r that
mwﬂmmﬂﬁpﬁrﬂlumm

Clinical presentation of Long COVID

OIWVID is comnsidered an wnonsml course of dissase, as
COVID-19 is usually expected o subside after 2 weeks for patients
with mild manifesttion, and up to 2 maximmm of & wesks far
those with severe disease ' 1t is associated with reduoced quality of
kit and pases challenges to the healthare system, eg. thrmgh wark
almenterism amdinnm-d.ltdhnnmhnmmﬁngha Toeda-
analysis af 15 studies enampussing 47 910 potients, B0% stoted ot
beast one symptom during flknw-up periads ranging from 2 weeks
to 4 months post-infection'’ In 2 German prspedive cohart
study, only 229% af pafients indicated io be free of sympioms ot 12
manths afier symptam anset ' The most frequently reporied symp-
tenmes it | 2 weedks in & pros pective: study of 4182 COVID- 19 cases were
fatigne, shartness oftmeath, los of smedland headache ! A MICE rapid
amang others, high mean far fafigne (31-51%), dyspnosa
(22-38%), impairment of smell {IS-\M'H} and teste (7=16%), and
momscle pain (5-23%) after at least 4 weel”

General astiological model for PSS
S:m:lltm:lmamﬂ:l’r:mqﬁddﬂqu:ﬁ:mﬁlfn’ﬂ!
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comprehensive vulnenbility-stress model by Hemingsen o al'’
factars that determine the transition from shart-term sympioms to
P55 Based on this modd and corrent research findings, the
Gamm Resewrch  Foundation (DPG)-funded  interdisciplinary
SOMACROES Ressarch Unit (Persistent Somatic Symptoms A coss
Dhseases: From Bisk Fecors o Modification; unit identifier RTT
5211}, which investigates generic and dissase-specific risk oo
and mechanisms for the devdopment and maintenance of PSS
acrss en medical condifions, developed 2 coms-dismse warking
rmﬁlfwﬂmm%flﬁ&hmndﬂubnﬁdmdﬂ:ﬂm
ﬂ!p‘:bh}lﬂl" k and hing protom] of the reseanch
unit” In brief, according to this mods, pu'ui:q:-clmgﬁdu'!ﬁu'm
comprise socixdemographic (eg. female gender, poor eduation),
paychological {eg precedent life stressoms, negative affectivity) and
biomedical risk fackoms (eg. prior medial canditions, immmmalogical
predispositions). Triggering factorsfor short-term sam atic sympioms
include acute indections, njuries wnm]ﬁimﬂmqﬂ!
et -established mmmwm B for PSS is illness-
related armiety," which may be exphined by it association with
mmwmﬂmﬁm{qm
cemses (eg idance behaviowr). Besides di pecific (=g
inflammation, organ damage) and overarching {Lg_ treatment
effeds) biomedial factors, dyshindional symptom expeactations ane

highest incidence was found for amidy disordens at 17.4% of
wham ]“MMMWWMSM&?Q
infection. A reendy publishal cohort smdy of 3193 individnals
found maxiety and worry shout (OOVID-19, as wel a5 depression,
poreived stress and bnelines, to be prospectivey assodated with
an increased risk of self-reparted Long OONVTD.” Further supparting
the assmmption that ilness-relted amdey is invohed in the
to be the stongest modifohle predicor of somatic symptom
burdenafter § weeks in a prospective anhort study of 1185 healthare
mﬂﬂmmm-]l‘htﬁ:mpﬂ
papulation, COVID-19-rdated anxiety has dso bem fomnd to
predict somatic symptoms, mrficulary fatigue * Consisent with
these findings, illness-relater] anwiety has been found to be a risk
factar for PSS bhdfore the (DVID-19 pandemic in a range of
:ﬂﬁmﬂmn:g.dum:ﬂtgm fibromyalgia and imitable
bawel syndrome

Expectations as a risk factor for Long COVID

In a recently @ncluded prospective whart study of German adults,
we msessed risk facoms for somatic sympiom deterioration after
21 maonths (N =751} Symptom expechtions assocated with
COVID-19 and a self-reporied history of COVID-19, but nat
mh@nﬂrmﬁdeSﬁMVi:r&chm namﬁnrﬂrpn

fic symptom deterioration 21 months Lter * Our find -

considered highly rdevant for sympom persistence” 5
expectations are defined as conscious, future-di rected
w&mmim As they mmstitute
2 mmman denaminator of many peychologial risk factors for PSS,
expectations are regarded as a core fmture of curment astiokogical
miodels for PS5." They are also prominently anceptualised in new
predidive proessing models suggesting that sympiom percoption
imput, mntertml cues and prior information. In these models, next
o previous experimnces, lmming processes, mntext and priar knowd-
edge. expectations arecomidered ane frm of prior information that
cantributeta the development of implict predictions about the pres-
ence of symptams

General risk factors for Long COVID

In terms of general risk factoms for developing Lang OOV D, alder
age, kmae gender, dbaity, viremia, spocific aupantibodies and
pre-existing malical conditions have been found """ Hawever,
a-nncnﬁnatncmﬂlt mvidence, 2 suhstantial mumber of low-risk
patients with COVID-19 repart angoing somatic symptoms
manths afer the infection'® Therdore, it ssems remsonahble to
assumee that further dinical features are associated with the subse-
quent devdopment of Long COVID. For example, in 2 rocent
case-contral study, 443 individuals showed signs of madest subclin-
il miﬁmdﬁm‘nﬂiﬂn after mild-in-moderate SARS-CoV -2
infection ™ Although there is no doubt about the impartance of
mmihrﬁﬁdmmﬂﬂﬁﬂmmﬂh:mtrm*
Lang COVIDL A reason to helieve that path ﬂ]J
:srmﬁmmirmmhtrhlm‘m'mm-ﬂli
several studies indicated a small or no ssociation batwesn Lang
COVID and initial diseae severity.” Two prtiobrly rdevant and
patentially modifishle risk factors for Long COVID are discossad
b,

Amdiety as a risk factor for Long COVID

In a retrspective elsctronic health recard study induding 236 379
:rdn-:d.ni;Taq:.ﬂ:taIzmﬂmkptmdpﬂdImqmp
toms within the it 6§ months after COVID- 19 disgnasis. The

izl org 1001 100 M0 501 Publithed online by Cambridge Unkmraity Prea

ings mmﬂmrmhnf:msm population-hasel
French cohort study inchuding 26 23 participants, which also indi-
catald that PSS after COVID- 19 may be mare strongly associated
ﬁﬁhﬁéhmmmﬁﬁm"%ﬂlﬁwﬂa
bbarainry-confirmed infection ® Consequently, the expectation of
sympinms could be a determining facior for symptom persistenoe
in Long QOVID. Simikrdy, mtients’ expectations of sympiom
severity have been found to be 2 crucial fctor in other conditions,
Ls_d‘ruﬁ:ﬁﬁau“m?wofm o predica
sympiom course, tratment beneit and negative treatment side-
efiects has bem demonstrated fora wide ange of medical ilinesses
and somafic symptaoms, such as @mcer, pain, gastrointestine] and
‘medically unexplined’ symptoms

Specific astiological model for persistant Long COVID
SYmpioms

The abave described risk faciors for Long OOVID are angruent
with the risk factors described in the cross-diseme SOMA CROSS
e ﬁrﬂmaﬂﬁn]qrm*m"ﬁm.uamﬂmﬂi:mr
disrase biopsychosodal model fr sympiom pemsistence might
ako be applicable w0 Long OOWID. Therdore, we adapted the
waorking maode] of the SOMACRDSS Research Unithy enbering pre-

disposing, triggering and mainbining/aggravating fctors assumeal
for Lang COVID (see Fig, 1L

Research needs

Empirical evidence points toa multifadorial biopsychosodal model
dysfunctional sympiom expectations appear o be relevant modifi-
able fackrs contributing o Long OOVID independent of indtial
disezne everity. Thus, maodifying illness-related aniety and expec-
tations in patients with Lang COVID may be a promising appmach
inimproving symptoms. A recent search in PubMed and the World
Health Organization {WHOY Intermational (linical Trials Registry
Phtform (ICTRP) indicatal that so far, no study has investigated
allsviating Long COVID sympioms by targeting thess factom
Should a targeted modification of dllness-related anciety and dys-
functional expedations of symptom severity kead to a change in
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TRIGEERING FACTORS

Peychoinghesl dek fschors fior Long COMID

WATING FACTORS

= PEYCHOSDOAL FACTORS
:Em-]
A
oF 2ge, gandar,
SO DSCONMIC Saf
- mep:.;l;nn | Lang COMID Mgmn'cﬁ
n.x.pt.'uchtt-“lm _'_,./-"f, B “- Symptom Hbq)u:h'lnrul TS of functioning

COVIDL The

Lang COVID sympioms, this would provide sound evidence far 2
specific mechanism of adion for the devdopment of Lang
COVID and the effedtivensss of 2 mechanizm-hased treatment
approach.

Objectives and hypotheses

Ofjecives
Ohbjective | is to investigaie whether ovenll somatic sympiom
severity in patients with Lang COVID can be improved via the
madification of illness- related anxiety and dyshimctional sympiom
expedations. Ohjective 2 is to prospectively identify further risk
ﬁdmshmdinmmmnflqmﬂl and to dedud
cmceptual models of sympiom pesistence, deteriomtion and
improverment. Chjective 3 is i compare risk fctors and mechan-
isms of somaticsympiom persistence in Long OOV ID exploratively
u&ﬁﬂﬂiﬂ.ﬂ'ﬁﬁndi:\ﬂwrmdjﬁ]mmiﬂiﬂuimﬂﬁp‘hﬂlinﬂu
SOMACROES Research Unit

Far abjsctive 1,2 tevtbls hypothesis can be Syl Objective
2 will be mvestigated with an exploatory apprach. To address

chUnit and adapied for Long

Method

Study design

Study design and rationale

To identify the dfect of 2 targeied modification of illness -nelated
anxigdy and dyshmctinal sympom opectations on Lang
COVID symptams, and to differentiate this effect from general
mades of adion, a mndomised comparison hetween a specifically
treatel group, 3 group treated non-specifically in the mme dose
and a contral group without additional treatment is requined. A
ot group i necessary o fest whether the experimental inter-
ventions have a pasitive efiect compared with no inter ion &
aﬂ.m‘dhhﬂtﬂ:‘:‘hﬂd:jﬂdiiﬂ2mﬂlmu“wﬂ]uﬂu
d.:@tfath:&mmﬂhmiednmhdhdt’hlinﬁﬂm
third of parficipants will undergo tirgeted spechtion management
in addition to treatment as wsual (TAL), one thind will undergo
unspecific supportive treatment in addition to TAU, and one
third will receive TAL anly. In the control group, we will addiion-
ally investigate the contribution of predefined risk facoms to

abjective 3, we will e data from the SOMACROES R ch Uit
and compare them with our project data in an exploratory manmer.

Hypomeses
Hypothesis | is that the therapentic modification of illness-ndated
COW ID sympinm severity. Hypothesis 2 (explontory) is that, in add-
CIWID sympioms an be identifisd Hypothesis 2 fexplomtary,
mrm]ﬂﬁm SOMACROES) is that Lang (OVID and ather
pomistece

izl org 1001 100 M0 501 Publithed online by Cambridge Unkmraity Prea

symp pemsistence in Long COVIDL The study will be fully
ohserver-hlinded with respect to all restment conditions. Tt will
e conducted monocentric with nationwide recruitment

seting
For recruitment, we will use our pulmonary out-patient clinic as
well as our psychosomatic out-patient clinic and our established
netwark of general practifioners and pulmonalogists. We will abso
recruit via social media ammigns with support of @operating
self-help groups and patient arganimtions (eg “Landesverband
Sachsen fiir Privention und Rehabilitation von Herz-Kreislauf-
Erkmanlungen «V. °, "Long COVID Vernetmngmtelle, “Nationale
Konekt wd Informatinsselle zw  Anmgung  und
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Untemstiitmng von Selwthiliegruppen’). The experimental inter-
ventions will be carriad out 25 persanal anline video @nsultations,
which allows for 2 mtionwide outreach of our study.

Inchueion crtana

Inchusion criteria areas follows self -reported resohved SARS-CaV -2
infection confirmed by a positive polymerase chain reaction, ser-
ology or rmapid antigen test; presence of Long COVID accarding to
the NICE/AWMF Sl-guidelines,” at least modemisly severs
angaing symptoms (Patient Health Questionmnaire 15 (FHQR1S)
ma]ﬂj.ﬂapda]ﬂ'rﬂnamdpauﬁmfiwm

ExciiEsn orlena

Exclusion citeria are as follows: acute SARS-CoV- 2 indection, inten-
sive care it treatment for COVID-19, psychatherapeutic treatment
in the past 3 months, neessity of acute emergendy treatment, aoie
suicidality, a substance use disorder, acube psychosis, cognitive incap-
acity w0 mmprehend the study materals, imbility to complee
Mmmmiﬂwimﬁdﬂﬂ@mmdﬂh

Ex perimental interventions and contbrol inte fe rbion
Expenmen tal ntersantson 1 (OO EPECT = TALD
The experimental intervention consists of an expecation manage-
ment intervention (COWV EXPECT) in addition to TAU. The man-
ualised intervention primarily aims o reduce illness -nelated anod ety
uduptmemw:bmtqmuﬂmntmmﬂ
** The design and dose of the intervention are
bﬂmmmwmﬁmmw
ment intervention from the PSY-HEART trial (Pspchalogical
Preoperative Inter | to  Imp Chtcome in Heart
Surgery Patients).” on the S0MA GUT study (Persisience of
Gatraintestinal Sympioms in Imigble Bowel Syndrome and
SOMACRCES Besrarch Unit™ and on other previous studies ™
ation sessions (mnducted formightly) and a booster session after
3 months, with each ﬂh‘hﬂi‘wdsﬂnhﬂ!ﬁrﬂﬂm
the patienf's oxpectations reganding symptoms and treatment will
be assemmed through a semi-structured interview so that the inter-
ventim can be adapted to the individual mtient expechtions
components inchude paychoeducation aimed at devdoping 2 bia-
peychasacial model of Tong COVID and realistic, yat functional
expectations reganding sympioms and treatment outcome, visual-
imtion techniques to foster expedations of pesomal cantrol and
devdaping pemsonal gmls in managing symptoms to improve
coping expechtions. In a “walbox’, dlness-spedfic dysfunctional
expectations {eg T can't take the stiins become I'm too shart of
bﬂﬂ'ﬂl’jﬂaﬂp‘uﬂ.tﬂm:ﬁcﬂmﬁ:cm{qmﬁ
nitiverss fostering positive expecitions via visualistion
au'u:l.ad.ﬁ'ﬂm'la mﬁtbumﬂpﬂd:‘hm‘l mtﬂ:dmsmi:m-:
immmunismtion). To despen the acquirad skills, homework will be
given afier each sessian and discussed at the beginning of the ollow-
ing ane. The intervention thus addresses the topic ‘deling with
about their disease. By conducting focus groups, the intervention
prodocal and manual will be finaised in colleboation with patients
from a Long COVID group curently affered in our psychosamatic
out-patient clinic.

Expanmen tal intansention 2 {00V SUPROAT £ TALD

The experiment] intervention mmsists of a non-specific supportive
intervention (W SUPPORT) in addifion to TALUL (DVSUPPORT
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is identical i (DV_EXPECT in terms of aymman amd naon-specific
tremtment elements (ie time personal atenton and emotiomal
related amdety and expecations In contast to OOV EXPECT,
which focuses primarily an changing dysfundional symptom expecta-
tions for the future, (OVSUPPORT fooumses exchsivey an aoping
with stressful situations in the present. OV SUPPORT is mamualised
amud achpted from the supportive therapy we use inthe PERY-HEART-I
trial ® This unspecific inbervention is nesded i diffementists our pro-
pased machanism of adtion from general modes of action.

Comirod niersenion (TaL)

The contmo] inervention mnsists of TAU only. TAU in all study
groups implies that the patient receives their wmal treatment
ﬁﬁnﬂmrirm-fambrﬂmm&r.%s:nnpia]mrmdd
to identify risk faciom for the persistence of Long COVID symp-
tams (objective 2) and ommpare risk facioms for symptom persist-
ence acos conditions with reus from the SOMACROSS
Resenrch Unit {ohjective 3).

Assessment and study outcomes
Measirement pants

Assessments are @rried out at baseline and afier 6§ weeks (inter-
mediate), 3 manths (post-interventional) and & manths (follow-
up). The intermeadiste assesment afier § weeks is neesary for
mediatar analyses that investigaie whether a change in sympiom
severity is medistel via changes in illnes-related anoety and
dysfunctional symptom expedatins. Except for an addifional
12 -maomth mﬂpmhmm Besearch Tnit, assess-
mﬂ'ltm:lm::b'rhﬂ].ﬂ]mrgﬁrmuupﬂu:m aof resuls
Primary and secondary outmmes and mediator variables will be
callected through eledronic dat entry by patients at home; only
the diagnastic inerview will be collecied via elephane interview.
The primary and secondary outmme variables and mediatar vari-
ahles will he messred at each ®sessment point, and are displayed
in Table 1.

PEMary auicome

Ta test the effect of the sxpartion munagement intervention o
Lang COVID sympinms, the primary outcome for this study is the
basdine to post-interventional change in overzll somatic symptam
severity { 3-manth follow-up). As harmonised core ouicome sets for
Lang (DVID and post-COVID-19 mnditions are cumently still
being developed, overall symptom severity will be assemssd with the
ﬂﬂﬂi}dm]s.xmiiviwinwmﬂﬁmh
various diseases and has proven it sensitivity o change as an
outmyme instrument in many shelies™ Oma scaleof O (ot botheral
at alf) 1o 2 (*hathered a Jot'), the FHO-15 uses 15 itms to mezsurs
somatic symptom severity during the past 4 wesks. It inchides most
of the common Lang COWVID symptoms and enables us to
compare owr results do the SOMACROSS Bessarch Unit which
also uses the FHOQR 5 as 2 primary outayme instrument ”

Secondany oUCOmEs
wmm:m:mmmﬁﬂmkn\f
wirﬂmmlqm:ﬂaﬁ:gn:. oS t-exertional
malzise’ and pain.” Wewill also inchule 2 sel-devdaped screming
questionnaire an Lang COVID as well as ather pastinfectious symp-
toms This self-report instrument, called the FH(}-15 Post- Aaite
Infection Syndrames (PHOM5 PAIS), is bmel an the FHOS
and extendead for the most ovmmon symptoms in post-amte infec-
bnu\:'rnd:u'nﬂ.'“ﬂh'_ hted anmety (& i Symp
M-Bﬁﬁm{m]zﬂ.‘“mﬁwﬁm
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Table 1 Cuncome instumes s of the SOMACOV Study

Peychainghesl dek fschoe fior Lo COVMID

Prirmary cuioome: Somelic Oreral somedc Pagert Heas Ques forraine-15 PHQ- 1) X x b4 b4
ST SO Senesy
DL 5 W SAFS-CON-Z iredon Sirgle iers x % b4 b4
reduied] deabling and Lorg COMD
L COVID Symplons.  Patiert Hedth Ques Sorraie-15 Pat-ante X X X X
Irfec S Syidromes (PHG 1= PAS)
Fatigue Fatigue Scale F5

Postepdond madse DePaul Sempior QuesSorare Pt
Exertiond Maake ([DS0-PEM)

Pain Pair D abillsy Irnde. - sdapeed (PO X X X X
SONBCROES Come Seireport MSETumens X X X X
Digrkils of soredc sympiom Dlegrasic desslficaion  Smuchured dinical Irnterview for e DEMS X X
disonder ([DNE) S0-E)
Cogifie-perepial ard eroford (inecrdated ardety Somic Sympiom Disonder = B Citeda Scaie X X X X
mechers e ST

Treaimes spariadors  Tresrent Bopertadon Quessorrane (TR X X X X

Expectation of syrpiom  Numerc Radng scde (MNRS) X x x x
SEeriy

Expectation of syrpiom  Numerc Radng scde (MNRS) X x x x
Buren

Execttion of opirg Murmerc Rasrg Sde (MRS X X X X
Wil SyepRonTes

o
e
-
-

Resmrch Metwark to Improve Diagnosis, Trestment and Health
SOMA) numeric rating scalss 17 will be investigated as pre-speci-
fied madiainr varizbls. The treatments received will be documented.
I addition to Lang (OVID-specificoutamme variahles, wewill apply
the joint core memsures of the SOMACROES Research Uit to iden-
Erfu*h.ﬂ'nkﬁdu‘lamdmﬂim :in'l'rmphmpnm

Lang OOV ID, and 10 make the rasults of the studies cymparable. The
joint axne set of instruments s described in detadl in the overarching
pratocal of the SOMACROSS Research Unit'* Supplements fram
the core set inchude for mmplr_ adverse childhoad ﬂ:]:m'.im
negative affectivity, stigmatistion, halth-reled quality of I and
hemlthcare ufilisation. As in the rserch mit, we will also @ndod
the Structured Clinical Interview for the DEM-5 (SCID-5) far the
diagnosis of ic sy disander accarding to the DEM-5, to
:nfu:‘:z the disgnogis as a potential predicior of trmtment

safety outcames
Ta the best of our there is no risk for sevious adverss
mﬁm.ﬂhvmpﬁm-mrd:ﬂ@lﬂﬂmﬂm]ﬁr
cases, putients will be informed and advissd to initiste appropriate
treatment. In case of an emergency, medical treatment will be
initiated at the University Medical Center Hamburg-Eppendart
Any adverse events will he systermatically recarded at each fnllow-
up esmsment

Sampie S7e

This trial is powerned with regard tothe differenc: betwesninterven-
tion 1 {COVEXFECT + TAU) and the control condition (TALT), as
this is the main interest Ennnl:nf'ﬂ'l.:dnﬂﬂdtﬂ:n‘ ]rml:ph.'ﬂ!
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hﬂmrmmmnpm:ﬂ:mﬁmlnqmmmﬂaﬂt.u
based our estimation both on ouwr DEPSCEEEN-INFO trial
(Increasing the Efficiency of Deprassion-Screming using Patient-
"I"achhthﬂlnﬂj.’ which yickled a betwern-group efiect size
of d=10.33 in PH(}-15 scares with an intervention of nuch lower
intensity (written femiback after depression screening), and an the
PSY-HEART trid.™ which yicklal 2 medium between-grouy
:Fﬁctichdxﬂ.'?]wihan:qnﬁzﬁmminm
but wing a different outcome instrument (modified version of the
Pain Disability hdex) Based an thess two studies, we expect 2
medium effect sine (d= 0.50) that can be detected with a power of
80%, using 2 twe-sided alpha of 5% by including 64 patients in
ﬂd‘l.mrﬂﬂtiqhah‘lﬂmﬂ: size of N=192 Based an
the reult immmﬁn.umahmﬁnﬂuww
between haseline and the primary owcome mesurement (ie
3-manth folkow -up) of 25%, resulting in 2 total of 258 mndomised
pafients Assuming thut 50% of patients will mest the inchwian cri-
teria, a total of 516 patients uﬂ]be:-nud.ﬁrdi:ili:’l:r.?fgmz
shows the anticipated fow of participants throughout the trial

Statstical mafods

The primary analysis and all prespecified secndary anal yses will be
nmdn:hﬂdin'ﬂtﬂinﬁﬁnn-hrﬁﬂtm‘nphmm—'ﬁn‘ofaﬂ rando-
rmised patients with the full anal ysis set, which is 2 chseas possible
ta the intention- o-treat popubition. In secondary analyses, the dat
of the per-protocal popultion (subgroup of patients withowt major
protoca vioktions) will be wad and mubtiple impatation will be

ied

Wrﬂ'm\! 1, a lineor mired-eflects model with the change
from baseline for all mesured tmepoints will beused toinvstigae
the group differenaes in the FHO}-15, with treatment group, time
amdimd.ﬂ'alﬁmdcrnd;pﬂbﬂtarﬂ!nndnuﬁctamdhéﬁm
FH(}-15 smre as the covariate. The interaction between time and
treatment group will be tested and excluded from the model if
Pam.hmﬁmhmﬂuiﬁ:ﬁﬂrmﬁmﬂﬂ'
3 months will be considered fimst. I the twosided Povalue is
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Patients with Long COWID

Enrokment As5ss for elpmity
n=51
Exchude {5006
+ Do not meset Inclusion crigana
+ Decire o partidpate
= Oiher ressons
Randomise
=758
Allocation il 4 +
Alloczie o Intervention group 1 Alocae b IMganvension F3 AlloczRe to congnol Broup:
COW EXPECT 4+ reatment as usual COV SUPPORAT 4 treatment as usual freziment &5 usual only
=84 =85 N=8

<05, the contrasts in change after 3 manths for COVEXPECT
vermws TAU, COVSUFPPORT versus TAU and COVEXPECT
vemus COVSUPPORT at the 5% level { two-sided hypothesis) wil
of the mntrast P-values for multiphicity is not necessary.

Secondary end points will be analysal analogously @ the
primary end paint with the regression model correspanding to
the meswement sale {:rn:'mnd. linear maode] for meric outomes,
r:ﬁudhg'nﬁcmndﬂﬁu’lim‘p mmnu.nmhmhg:tmn-ﬁl
far ondinal ouicomes).

In subsidiary analyses, a potential effect of recruitment set-
tings will he investigated by including the setting as a further
fixed effect in the analysis. To analyse whether treatment effects
an Lang COVID resuhted through changes in illness-related
anxiety or symptom expectations, we will conduct mediation
amalyses.

To identify further risk factors involved in the persistence of
Lang COVID (abjective 2], we will use longitudinal data from the
control group el @nduct multivarite regresion anahmes with
SyTpinm persistendas a5 outmme, Rking into acount the number
groups will not be inchuded in thess analyses hemuse the interven-
tions could hias the results

To mmpare risk facioms and mechanisms of somatic sympinm
pemsisence in Lang COVID exploativey with those identified in
the other canditions m'l.td:w:'bﬂd in the SOMACROSS Besearch
Unit { ohjective ), we will mmpare the results of the disesse specific
regression anahyses from the SOMACROSS Resrarch Unit with the
anahyses.

Subgroup analyses will be conducted on differences in the
age, gender, education levd, social sppart, durtion and severity of
comarbidity, depression and anxiety. For safety amalyses, advemse
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events will be mympared betwesn groups and anatysed descriptively.
Further details of statistical analyses will he described in detail ina
treatment blind

Mefods aganstnes

A fiwed randomisation list with variable blodk sizeand leng th, strati-
fied by geneer, will be g terl by an independent her of the
hinshtistics unit and uploaded into REDCap vemion 1377 for
Windows (REDCap Consarium; see www.prajectredcaparg ), @
A:qmumtwﬂ]bep-ﬂhuadm‘baﬂhﬂﬂpﬁ:rﬂtmmmﬂt
datrhase Patientdrop- out will be minimised by contacting patients
accarding 1 a schedule of repeated contact attempts, and by allow-
ir‘mﬂpmﬁtﬁiu’tﬂh}i‘mﬁhoﬂ]mifmuﬂhcﬁm
is not feasible. Because of the electrnic mllection of outcome vari-
ables ol having the tedephone interviews conducted by trainad
interviewers who ate not involved in the treatment, the study is
fully observer-blinded with respect to all trestment conditions.
Treating physicians will nat be informed about the groupall ocation
or the type of intervention. As in mast psychalogical intervention
studizs, full patient and therapist blinding is not fesihle ax their
active invohement in the intervention is necessary. Stll, patients
inthe active intervention groups will be blinded. Both interventions
will he manualised and therapists and inberviewers will be trained
and supervisal. Asamanipubition chedk reganding potentiallyover-
two interventions, patients will mmpletea mting scale on treatment
content and on subjedtive treatment mechanisms after the post-
intervention outmme assessment. Potential sampling bias will be
avaided by recruiting patients both within and cuside of psycho-
therapeutic care, and by aiming to inchude both patients with
sharter and Jonger symptom duration in the study. Any questions
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study termination will be reviewed by the study's Data Salety and
Monitoring Board. Finally, repart of the trial and results will
follow the Consolidated Standards of Beparting  Triak
(CONSORT) 2010 remmm endations ™

Feasiiity of recrutment

In previous studies, we were able to successfully recruit patients
within our network of cooperating general practitionsrs, eg. in
the three-arm GET.FEEDBACE GP-RCT ({depression screening
using petient-targeted fesdback in general pracices).™ In addifian,
resident pulmonalogis . our pulmanary out-patient clinic and our
peychasomatic out-patient clinic, three self-hdp groups and patient
associations, and social media will support racruitment. The format
as an online viden consultation and the brevity of the intervention
will akso facilinte patient enrol ment We expect 2 high willingness
to participate in a peychosodal intervention study for Long
COVID symptoms, @ patients express high nesds in this direction
and this area is comsidered i be massivdy undemupplied so fr.

Ethics and dissemination

Etrmcal approval

The authors assert that all procadures contributing to this wark
comply with the ethical standards af the relevant national and insti-
tutional committess on human experimentation and with the
Helsinki Declmation of 1975, as revised in 2008. All procedures
imvolving luman  patients were approvel by the Lacal
on 14 Febmary 32} fapproval number 1PEE-0446) The trial
will further be conducted in acordance with guiddines for Good
Clinical Practice, and national and kal bws Belone ind mion, di-
gible parficpants will provide written informed consent. Diata will
be stared in the REDCap datahase in psevdonymised form. A cor-
responding data management manual and adata review plan will be
finalissd before recruitment of the fimt mtient. Any changes to the
study protocal will be listed in the shudy registry and publications.
The study is regitersd with the ISRCTN Registry {identifier
ISRCTHIS06R418).

Data sharing

guidelines for the handling of research data adopied in 2015, de-
identified individual patient dota will be made publidy availihis.
Dai sharing will be in amomndance with the FAIR data principles
{'F‘:indalir_ Acosible, Interoperahle and Reusahle) and inter-
national naming mnventions (eg. Systematisal Nomenchture of
Medicine) to maximise tansparency and scientific reproducihility.
Accarding to the WHO Starment on Public Disclsure of Clinical
findings will be submitted for publicafion in a peer-reviewsd
joumnal within 12 manths of stuly completion.

Results
The results of this study will he published in peer- reviewed joumals,
wﬂﬂfﬂﬂrﬂﬁmﬂmﬂimﬁuﬂmﬁmmﬂmm-
cated in by bnguage to seif-help groups and patient asodations.

Discussion

Lcl'lsm‘iﬂ:l:l:'l ﬂndatdwﬂa}l:'ghbu:dﬂiﬁrﬂm::ﬁu:hﬂk
and poses a growing challenge to healthcare systems warl dwide.
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Peychainghesl dek fschoe fior Lo COVMID

Gimmﬂut:ma]ﬂmnpr:mdmtmmrmwmnﬂ:-
tinns are missing so far,” efiective and scientifically sound treatment
options need 10 be developed for patients m.'FE'mﬁ from Lu'lﬁ
COVID. Smdrrmhmphtﬂhﬂﬂnhtd.mtr} and
dysfunctional symptom expechtions™ play a rale in the develop-
ment of P55 afier (DVID-19, thus representing a promising thera-
mwpﬁrah*mmmmn&mambdr
ment improves clinial mmzu? we msume that

realistic paositive and radudng dysfunctional symptomn ecpectations
mightalsa lead to improved clinial outcomes in patients with Lang
OOVID.

Tnﬂ:bﬂtofwhtmhdr.ﬂﬁi:ﬂlﬁimmimﬂﬁpt
the m adifiahility of a specific paychological mechaniom of sympiom
pemsisence in Long OOV DL The results of our anal yses for hypath-
esis 1 will allow us to dew conclusions regarding the applicability,
patential dficacy and mechanisms of a targeted expectation man-
agement intervention for petients with Lang COVID. I the effect-
iveness of the inervention via the propmsal mode of action @n
be proven, it can be used stand-alone ar in the context of a
broader therapeutic spproach, and might thus have an important
:bun]udpnmﬂrmm:mmmmhm
abjective 2 will significantly contributeto a better
qmmmmhqmmﬂﬂ]dd]qhm
disease-specific risk factors and mechanisms in addition to il ness-
related anxiety and dysfundional sympinm expecations. Orverall,
this study will contribute to 2 hetter undenstanding of the contribu-
mfpﬁml‘n]mmlqmmm amd
theréhy advance the developr prehensive care for
patiernis. Data reganding :rnu:'hau'u:rm cf sympiom  persistenas
from the mntral group will be pooled and oxmpared with dat
from the SOMACROSS Besearch Unit® The results of whether
the mechanisms of sympom pemistence are di ecific or
aho:ﬁ'chi!mdﬂﬂwmmtmﬂmﬁaﬂlﬂdnd@
ment of our asticlogical model for PSS aoroes dismses.

Although arly data on the frequency of Long OOVID came
from hospitalisad coharts, Long COVID has been shown to aacur
at very similar rates in patients with mild amte symptoms treated
in ambulstary care "' Because of different study designs and assms-
ment times, use of mvalidated mes s, ok of inclhsion of contmod
groups and fom on individual sympams instead of Long OOVID
as a diagnastic entity, the exact prevalence of Long COVID and its
mmﬂmﬂcmﬂrﬂrﬁﬁ:ﬂtmdinmlﬂ'ﬂmﬁdnﬂt
high rate of infected people worklwide and significant number of
PSS afier a SARS-CoV-2 indecfion suggest that nesearch into the
mechanisms of symptom persistence, as well a5 trestment options,
iiofﬂl}i#tﬂtﬂi:‘lin]m

Ome limitation of this study might be it particular foms an
illness-redated anxiety and dysfunctional symptom expectations as
patential risk facioms for Long COVID. However, it is incvitable
mﬁcumsduchdpamniingmmaitimfmiﬂ:m
investigate all potential risk factors simuhaneasly. The mere use
of self-repart instruments is another Emittion. Medical aspects,
inchuding a hiswry of COVID-19, will be callactel from patient
infarmation anly and will not addifionally be verified by patient
recards or SARS-CoV-2 antihody tests. The fact that fewer peaple
mmtﬂtﬂ. for SARS-CoV- 2 since the COVID- 19 pandemic
has progressal med continment mesures have ben reavad
could lead to 2 patential ampling biss, with predominantly mare
patierts with langer symptom duration parfidpeting in the study.

A challenge in the mnduction of the stdy could be that same
patients might be rductant to consider psychalogial Gctars in
the pathophysiokgy of Long COVID, which could potentially
result in a lower participation rte ar a higher drop-out rate than
expedted To munteract this issue, we will misharate with patient
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associvtions and seif-help arganistions i jointy sstblish commu-
nication strategies. We will abio involve affected patients in the
aspect that we will indude in our study maberias (eg leaflets). 1 SuwireCH Moy B, Vasavsky T, Graham MS, Fenidd RS, Bowyer BT, et al
Draing the i ion, mulfiple mechanisms in the Adwibutes and redicions of iong COVID. Naf Mt 2021, 2WAT 53631
of Long COVID will be addnessed in a sensitive manner, out ining 2 Tagued M, daddes F, Hemain M, Luaano S, HamsonPlL émonfineuroicg al
. . . and peychindic cuioomes 0 2534 9 sunivors o COMD-19- & nemepec ive:
wwmﬂﬂ'hﬂﬂm“m"‘mw.ﬁf eohont shady Lsing electonic hea® recods. Lanod Foychbiry 0 K51
the development of Long COWID: To enhance mmprehensibility, 4427
iw?@hﬁnuﬁ:mﬁﬂkuﬂmi;ﬂrinﬂu gr‘zg-;LmEmu,mmmm:ﬁii
comveyance Inn]rprjm — Fmﬂr m,‘ SIS of SRRSO, TS, WO, [T srems, ness
i - * ial will H]m'th“ i pricr o el withi fsk of st CONMDA S comitms. MY Pooiiany
tion about the stdy before inchusion to prevent drop-outs ‘ﬂtﬂ_kmumﬁm“ o &t
Comsidering the scientific evidence, the clinical rdevance of PrEcctTs of somae SR burden (0 e moemons dstng
Lang OOWVID ansd the high level of suffering of affeced patients, T COVDA9 panchmic- an Sk flown stady | Mert Healls Epuo
ﬁ:mmmﬁﬂhﬂammﬁmmﬁ amead of parf] 13 May N2 Aalabie from b iod og 090N
i mied poccicty wod dye ional syom = 5 ErgeimannF, ma,a--*nrruuw.\.UHmme-u.mm
has a benefidal effect an Long COVID symptoms seems to be 2 fors for worsening of - P e -
valuahle endeavour. Evidence of an effect of madifying dines. o T Pt et pr sz e
related anwiety and dysfunctional symptom expectations on Long
COVID symptoms would identify an imporant mechanism of
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Psychological factors associated with Long COVID: a systematic review and meta-analysis
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Psychological factors associated with Long COVID: a
systematic review and meta-analysis

Pty Engedimann, ** Moo R ainie,” (o Shein,® Sitefom Soitam onn, ™ Berd Lo, Anne Tosssmint, > ond Mefie Sheddm Mo >
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*Department of Poychosomatic Medidine and Prychothenpy, Univesity Madical Cente: Hamburg- Eppendor, Hambum, G ¥
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Summary

Background Despite the immernse impact of Long OOVID on public health and those affected, its astidogy remains
poody understood. Findings suggest that psychological factors such a5 depression contribute to sympiom persistence
alongside pathophysiol ogical mechanisms, but knowledge of their relative importance is Emited. This shedy aimed o
synthesise the current evidence on paychological faciors potentially associated with Long COVID and condition-
redevant outcomes like gquality of life.

Mhm]nﬂﬁqﬁ'ﬂirﬂhmﬂnﬁaﬂyﬁ. mEF:ﬂm.mdﬂuﬂndm:Diﬂmeof
Systermatic Reviews were searched for peeraeviewsd sudies published in Englh from 2019 to Jamary 2, H24.
Studies providing oossscional or longitedinal data on the msmciotion between 2t kst one pachological
severity, impairment, quality of life, and heabthoare wilistion) were incheded. Psychalogical constrecs with at
lexst five compurisons were poded = odds ratio (DR} for categorical duta and stndardised mean difference
(SMD) for continemes dat in madem-efecs metaanalyes of amssectional shudies with contml groups. This
review is megistered with PROSPERO, CRD42073 408320

Findings 113 studies (n = 3125831 patients with Long COVID) provided data on at keast one paychologial variable, 63
in crosssectonal group comparisns, 33 in cosseedionl ssmcations, and 15 longitudinl . Most reporied findings
rﬁﬂ.hdq)mmnd.:n::l‘_r :nd.—h:ﬁ:u]l.lﬂﬂ'_r—h]:lr_lmdad:nlr pcﬂh-.l.mtﬁcmdamuﬂu;m
amd history of men tal ill ness. 'Dep:\uim{DlH_‘: 9SeECl, Lﬂ-dm}mdm::il.y{m]_ﬂ:'ﬂ'ﬁﬂl. 1.76=3 61) were
significanty ssociated with Long COVID and higher in affeced mtient ton cntobs depression: SMD 088 95%
CL 0.66=1.11; amdety: SMD 0.74; 95% CI, 0.50-0.99), while resdlts for physical activity and stress wene non-
significant In most prospective studies, the mvestiaed psxchobgial comtrucs signifiantly prediced Long
COVID.

intepretation Evidence suggests depresion and anxiety i be co-occurring phenomena and predictive factors of Long
COVID. Future stdies should prospectvely investigate paydhological constructs ssch 25 emotion regubtion or
dysfunctional symptom expechtions, which are well-known risk facors and thenpeutic targets of persistent
somatic sympoms in other medial onditions, but are so far undersudied in Long COVID.

Funding Nome

Capyright ) 2024 The Author{s). Published by Elsevier Itd. This is an open acosss article under the OC BY license
(bt fereativecommon s.org, licenses by [4.0/)

Keyworls: Long COVID; Post OOVID-1Y condifion; Persisient somafic symptoms; Biopsychosmcil model
Pachological Betors
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feseanch in context

Evidenae before this study
e es pathoph ysiologial mechanisms, 2 growing number of
studies indicate the potentil mle of pepchological factors in
the deselopment and mainterance of Long COVID. Previous
msiews of ssk Buctors fior Long OOVID confirmed the
importance of depession and amdety; howeser, 2 boad
spectrum of further peychobgial variahies poesibly imeobned
in the pemistence of somatic HympiDms, such as amaotion
mquiation or dysfunctional sympiom espectations, fas been
mlatrely ovedooked. To improve the understanding of Long
(OVID and inform research inbo much-nessded trestmesnts,
aggregating the asadable evdeno: on pchologial fane
asociated with Long 00D & of high mdeance. W seaschad
mLFrpﬂm and the Cochrane Database of

Reviews for pearsesiewed studies published in
E#hmmmhﬂrlmuﬂlﬂuum
0 repot 2} oross-sectonal compassons on peychological
facton between patients with Long COVID and controls, B)
mnmim:mhmm:rmrﬁm
miaant (syme rty, impainment, quality of
Hﬁﬂﬂuﬂ'ﬂm}\,ﬂrt}pqmmm
betwaen prycholbgial fuctors and Long COVIDL 113 eligile
stdies of mostly fair qualitty induded 312 831 patients with

Introduction

Five years afier the outbmak of the OOVID-19
mbﬂjc.ﬂzztbhwnf[mgﬂm"ltr'hﬁrﬁum
being deardy undersinad. Inwstigations into the patho-
physiclogy of persistent somatic symptoms after SARS-
CaV-2 infection have remained incomdusive 5o far, with
o diagn ostic markers known to fully explain them’ and
wveral reports of objective dimical eminations
discrepant with subjective sympiom burden ' * While a

addifion w0 pathophysialogical changes ** the discussion
about the inwal vement of a]'pmmm:lis
aetiology koo raises crifics whe fear 2 * prychal
af the amndition "

Persistentt somatic symptoms remain afier many

Long COMID and provided data fior 58 peycholiogical
comstructs in total

M:hd.ﬂun-ftﬁ::tut

Of al jical igated, this oy
rmmllﬂnrlrmrﬁ'mhjl.h*ddmnmd
ety in individak with Long C0VID compased 10 contmis
in meta-anaiyses. HBoth factos wene also predictive of Long
COMD in longrbudinal studies. The: scroe evidence base for al
ather paychological vasable: hinders mlable condusions.

Bt

T of all the availabl

The results of this revies, together with previous shudies,
support that depresion and andety should be oconsidesed in
rrl.ltlinqi1=rl.n'g (D'II} teatments. Future studies

s such as emoto
rlg.H:lm n'n:pl:dd:u'n.uhch are well-known sk factor
and thempeutic trgets of parsient somatic sympionme in
oter medical conditions, but ane 5o fr undesctudied in Long
COMID. Large methodological hetemgenaity of the identified
studies points to the need of guiddines for research on Long
COMID.

.

aggravating factars inchude cognitive -peroeptual mech-
anims swch a2z ==lacive atEmHon, SO STy
amplification.” and ctstrophising ™ Additional
related behaviours like physical madivity and dysfume.
tional healthcare wee”™ Emotion regulation deficiss,
adverse chidhood experiences, negative affectivity, or
life stressors™" " an predisposs the development of
peychamacial interactions inchiding a bmad spectrum of
poychalogical mechamisms an abo be asmmed for
processs of symptom . development and persisence in
Larsg COVID.

While not actoumting for noneaffeced contml
goups, van der Feltr-Comelis et a2l mcently meta
anahysed the alltime pevalence of any mental health
condition in patients with Long COVID. They found 2

infectiows diseases™ and are genenlly o in the
geoeral population.” Resarch into persskent sematic
ampoms and doomic medical disoses  indices
acommnying peyxchologial fexturs swh 2z health
anndety o negative expectitions to be mare cnecal fr
impairment in quality of e or incresse in healthoars
utilimtion of affecesd patients than the severity of the
symatic symptoms per . Acomdingly, evidenosbased
etial models clearly argue for the contribution of
both biomedical and peychological mechanizms to the
development and pemBtent coumse of somatic
ampoms.” " Besides depesmim and  anodety,

prevalence of 2056, with meest studies on deprssion
mdml'r and the odds of mentl health conditions
significantly incressing over fime after acute infection.
Previous systematic reviews and metzambses of sk
factors for Long COVID have brgely neglecesd the mle
of parchological risk factors other than depression and
anxety,

Regarding further prentially mlevant psychalogical
concepts, Hising o al® developed #he PSY-PSS
framewark for systematic reviews i support the aggre.
gation of empirical evidence on peychalogical frisk)
factors in persisbent somatic symptoms and melaed

wraree. it coms Woll 7 Jarqat, 2004

75



Articles I

conditions. It prowides the first comprehensive list of
pErdalogical variables to be comsdersd in this eld of
research, which is comstantly being expanded and has
recently been applied in 2 sysematic mview of psycho-
logical risk factors for somatic symptom  disonder ™
Considering Lang COVID as dominated by persistent
samatic symptoms, it i likely dat the pspchological
consructs compiled in the PSY.PSS famewark are als
relevant with regand to this condition.

This study aimed o sysematically review lieratre
providing ariginal &t m peychadogical omtrucs
associzted with Long COVID and Long COVID-relevant
ouomes by applying the PSY.PSS famework™ and,
individhil ical wrizhle to be of mlevance for
Long COVID, it should either 1) be significandy higher
in mtents with long COVID compared to omtrok,
o1 2) show a significant asociation with Long OOVID or
conditionreleant  oukomes  [gmptom severity,
impmirment, quality of life, and healtheare utilisation),
o1 3) prove 2% a sigmificant predicior of the development
or mainerane of Lang COVID. Comsequendy, three
lated inio the following three msearch questions [ROs):

1} In which psychological fctors do tients with
Lemg COVID mepart significanthy hd!r vahues

ciaed with the prsence of Lemg COVID or
conditionrelvant oukomes awh 2 symptom
severity, impairment, quality of life, and healtheare
util sation [ressscion] msmcations; RQZ)?
3) Wh:hm:hdnga]ﬁ:mmpﬁmﬂrpmd:dﬂz
..... of Long COVID
[]nc:gtuﬁm]d:n: RO3)*

Methods

This ic review and metaanalysis was preregis-
tered on PROSPERD [CRD4202 3408320 and was con-
ducted and reported in acmmlance with the PRISMA
guidelines 23 well 25 the MOOSE meporting guidelines
for meteambses of olservational studies ™ It is the
second review that emerged from a proposed famewadk:
of systematic reviews designed to facilitate research in
the area of persisent somatic symptoms [PSY.P557)
amd follows the ouflined in the PROS
PERD registration [CRDA2022302014). Ethical approval
was not sought or mequired, 2 the study invalved no
indivichia] mtient data.

Eligibility criteria

Articles were eligible if writen in English and published
in a peermviewsd jourmal sine 2019, ie, since the
COVID-19 outlreak Studies wer mquird o report

e wi talamcat coms Wal 7 Augpat, 2004

ariginal, quntibtive data on at kast e of the
-l frrveed jcal variables from the compre.
hensiwe list of the PSY.PSS famework by any oal of
mezsume in patients of any age group who sreport o
suffer from or have received a dinical diagnosis of Lang
COVID according to te MICE guiddine [Le., somatic
sympboms that develop during or after SARS-CoV.2
infecion, contmue for 2t least 4 wesks and are not
exphined by an altermative dignosis)’ Studies that
refermed to other omditions or wsed an undear defim
tion af Long COVID were excluded.

7] cmssectional com-
parismns between mtients with Long COVID and cm-
trals, B eremssectional amodations, or ¢) langituding]
data e the mehtion between peychalogical variahles and
the mesence of Long COVID (primary outooms) ar

Sk ] ] id
to p

activities of duily Hving.” quality of b, or healtheare
utilisation). Preprints, e meparts, purely qualitative
studies, meviews and met-amlyses with no new data,
ence abstracts, and grey lerature such s disserttions
prevent bizs.

Study selection
To emsur all relevant publications on Long COVID
were foersd, mmiu]i:tmuﬁ:ﬁ:g-cfﬂzilmm
cominanly wsed terms for Long OOVID in pertinet
publications and guidelines'"" in 2 wristion of spellings
was compiled. For peychological factars, the compre-
hensiwe bst of the PSY.P55 framework™ was apphied,
which was genemated to be wed a5 sanch terms for
Dt ratuure: renviews on persistent somatic srmpioms 'ﬂn:
]:stln::hmnhﬂ]mwﬂhm
caegoties of psychological mechamisms  [affective,
cognitive, behavioural, pychophysiological, personality
& iterpermmal factors, prior experiences, and mycho
pathology) containing 120 psychal ogical variables overall
[La;.. emmoton IT.I]ItIﬂI.. expedations, o 1l e
behaviour, list and s=rch #rm= can be found in the
open science Famewark: https: | o io anbmé). All 120
terms from the list of pentially relevant paychological
faciors were crossed with all 21 Long COVID terms. The
bemture seamch was fisst un on 06252023, and
updated on 01/02/0M uwsing the bibliographic dat-
bases MEDLINE [via PubMed), PsyelNEO [via OvidSP),
and the Cochrane Dotalose of Systematic Reviews fria
Cochrane Library). The search syntax string induding
the precise seardch erns is avadbable in = Apperdix 1in
the Supplement. Due o the lage oumber of hiss, a
marnzl search in the reference lists of obtained articles
was not carried out

Endnote” was uwsed to combine identified studies
from all dataluses. Theee suthors (5, ME, PE) removed
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duplicates and screened sudy tifes and abstmacts wsing
the software Rayyan " Conflicts were mambed following
discussion between the three authors. Studies identified
or full bext review wer mdependently reviewsd twice
agminst eligibiity criteria by initilly blnded authors
[PE. MR, C5, 55, AT, M5M). Dissgreements during full
fext review wene deamed conmltation of other
authors [PE, MR, C5, 55, AT, MSM).

Data extraction

and summarised in one descariptive and theee msults .
Hles [ane for each B by four suthars [PE, MR, C5, AT},
Desriptive data comprising shudy design and objectives,
mmple characteristics, diagnestic critria uwsed for Long
OOVID, and 2 short summary of key msuls wers
extracied for all shudies. [f contral groups were described
as individugds without prior SARS-CoV.2 infedion amd
ot explicifly bibelled 3% diagnosed with another medical
mndition, they wer caegrisd as “healthy controls
without 2 history of COVIDY . For cnss-sectiond as.
mciations and kngitudinal evidence (RQZ and  RO3),
andition-relevant ouiomes and their assssment along
with effect stoes if reporied] were compiled Besdes the
warizhles raw mezsires of eniral tendency, fequences,
signifiance sthtistics, and effect sizes for each group n
s ectimad  commrisons [RD1), comebtions amnd
reparted data were imonsigent or incompete, corme
spamading authors wers contacted for chrification during
the data extraction proces.

Statistics

The study quality assssment tools of the National In.
stitutes of Health ([https:! fwwwnhl b mihogoy fhealth
wpics sty qual ityassesmenttools)  were employed
o amew study quality and biss. Two authars [PE, AT)
independently evahmted each study, Disparities wens
disassed between the two authos untl maching
agreement.

To provide 2 condse overview of the avaibble evi
dener for each mychalogical construct investigated so
fr in any of the inchded sudy designs, msults were
further summarised in a gmthesis table. Metaanalyes
were conduded f valid data was avaibble for at least
five studies per psychalogical wriable, per gpe of dat
ﬁr_r:bdnpa] feztires in chl:a] i comimous
rmat), and per outcome variable [for RQ2 and RG3F).
The mimimmom mmber of studies for metzanalysis was
increased foom three to five @mpaned to the predefmed
mumber sated in the PROSPERD registration
[CRDY4202 3408320 in fawour of the mbustness of
fmdings given the hetemgeneous assessment of ey
chalogical variables.

nois of depression) and contimumesly (eg. deprssion
severityl I studies did not report the same central
tendencies, @mespnding authos were asked to pmo-
vide mean values o integrate all contimuwous data. For
sympioms after SARS-CoV.2 infection, the fmst follow.
up was used o be able @ nun anolyses with the high-
est poaled sample size pesible. Comtml goum of
studies that emmined both healthy contmols without a
histry of SARSCoV-2 infection and patients after
SARSCoV-2 infection without Long COVID woens
merged inio one contml group sSnce o mlevant dif
ferences between thes two groups were asumed (e,
heakhy cmtrals might hove had 2 hidden nfection).”
Studies with other control groups were exchuded from
metzanahees due o an insufhdent number of studies,

Due i the preamed hetemogeneity between studies,
random-effects modek with raw data wer emmployed.
Effect sizes wen estimated 2= odds ratio [OF) for cate-
gorical data and sandandised mean difference (SMIDY
for mntimuous dats. Heerogensity between studies was
qtnmiﬁdﬁ:gf.ﬁﬂﬁrpuﬂiﬂthnhh:m
azesied graphically thmugh funne] pots and statisti-
cally with Eggrer’s regression test. L'nmed:':ip:iﬁm::.
the trim-and-fll method was applied. Sensitivity am-
lyses were conducted by first exchuding studies with the
greatest weight, then those with the smallest sample
size (0 < 20 per group), and again by exduding sudies
raked a5 poor in the quality sssessment All analyss
wene performed n RStudio wrsion 423"

Role of the funding source
Ther was no funding sumce for this study.

Results

A PRISMA flow diagram of study sslection is disphyed
in Fig 1. Descriptive mformation of all nduded shdies
is shown in «Table 1 in the Supplement. Three reslts
tables split by RQs 1-3 can be found in the Supplement
[¢Tables 2-4)

Study characteristics and overall results

A firal of 113 studies [ eRefermnos) were nduded in
the review, m 31283] patients with Lma;
COVID. Sictyeight sudies were conduced in Furape
[mumt frequent Germany), followed by Northem
America BE mos frequent USA), Asih [M:; most
frequent Ching), Latin America [16; must frequent:
Brazil), and Australia (1), with several studies imvohing
multiple countries, 63 studies provided data on 2t least
one mychaogical comstruct in cossedioml group
compmarisms, 53 n crssasciom] asncatons, and 18
lomgritudingl format (¢Table 1 in the Supplemend). Ac.
conling to the ctegories of the PSY-P55 famework,™

wraree. it coms Woll 7 Jarqat, 2004

77



Articles I

[ Tiknlilicadivn el adudis vin dalalocess wud rog e

)

Reccrds sdemiifies froa:
Databineca (n— 2,7E5]
METTINE {0 = 2 583
FerclNI (n — 185)

Cochrane Datzbase of Systamatic
Reviews(n — £}

Repnnes (m= 0]

Tdentificadion

|

Ferends serceaed wmle and

l

(n=251"
Repers soughs fos remeval

Pecords remonved 5o scraening:
Duplicate voeomls smsccal wmg
Ry [ = 81

# Peconds marked ac icsligible by
aubomatizs toals in= Uj

PFecords mavoved forother reason:
m=m

Peoords tmckeced
=215

Popert del rimey el

Srresning

(o =5Vl

Rizpunie sreeansad Mn ehsililing

=1

| Feprrtocutuded:

(o= 5ie)

Socdies incheded o mvien

(n =113}

Eopmnits ol'=clulal studies b
Caan-Contned st (4 = 3]
Cruss-scbunl sbules (n - 53]

Tmchuded

Longrdimal shudiss (2= 1)

]

Tt waten i Exglish (n= 10

Mo peer raviewin= 1)

Mo Long Qv o= 55

i geacchinl d arnsitile (i = 340
Tz anzwez "l el

goashons o

SECDITANT AL .':u n=5
Tonworss L vz el wathend anither
respoocein= 1}
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followed by cogritive fachors and personahity & mter-
persomal factors [11 each), affective and behavioural
factors (5 each), and psychophysial ogical faciors (4). For
an ewerview af all 58 peychological featumes examined in
tml'ﬂlﬂrmm and their mumber of in-
an wparated by ressamch  question, ses
eTabie 5 in e Supplerment The avalable evidence for
each pechological @ncept assesed in patients with
Leng COVID in each mchided sty design & sm-
thesived in Talle L

For RQ1, metr-amahses could be cloulawed for
depresion (17 categorial and 24 contimpus commpaTi-
sond), andety (15 categorical and 16 @atimwous oot
parisans], physical activity [6 contimuonus comparisans),
and stresm [5 comfimuous comparisans). The variable
“depression famiety”, which @mprises measumes of
either “depression or andety” or “depression amnd anod-
ety” as meporied in the induded sudies, was not
metzamalysd due to the hgher informative value of

wew v Ui com Vol 74 At 2004

depression and amdety alone. For B2 and RS, it was
logical factor due © highly hetemgeneous outcome
varizhles and statistical mefhicents for bath ctegorical

ical varizhles can be viewsd for thoese with at
lezst five olservations, with the respective mmntml
groups [for RQ1) or outomes of the studies (br RQZ
and R3], in eTables 6-17 in the Supplement

Research question 1: In which parchelogical factors
do patients with Long COVID report significantly
higher valuies compared to control groups
(croas-sectional group companisond)?
Patients with Long COVID were mmpared to patients
after SARSCoV-2 infection but without Long COVID
in 44 shudies, © healthy contols without 2 history of
COVID-19 in 24 studies, to patients with chronic fa-
syndrome in two studies, and to patients with

tigue
fbmmyalgia and psteonamsion syndrome W one
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sudy mespedively. The most studied pychological
Betors within any cmtral group wem depression and
anmiety, Bllowed by physical activity, 2 combimation of
depression and for amdety, postraumatic stres disor.
der, stress, and higory of mental health disonders. For
all ather searched psychalogical comstructs, evidence
was very limited, with 2 macdmum of three studies per
variable [«Tabe 2 in the Supplement). The majority of
studies found almost all mabdaptive paychological
B to be significantly higher and more frequent in
mtents with Long COVID than in both patients after
SARSCoV-2 :nf:cl:lnl'!ﬂlﬂ-d:d.m‘td.l.‘l:h‘pLﬂq
COVID and in healthy controls without 2 history of
COVID19, with 5o study mporting the opposite di-
mection. Lower scoms for deprssion, andety, history of
mental health disonders, parandia, ctastrophising
knesiopholia, smateenmry amplificaton, and sui-
cidal ideation were reparied In patients with Long
COVI D compared to contrals in ome study each, all but
ome of which referred to comparisons to a contral
group  with other persistent somatic sympoms
phronic fatigue, fbromyalgia, petconassion syn-
drame). Solely no significont differences between pa-
tiemrts with ngDD\r[Dmdm&mﬁlmdfmr
ical development, mani, bonderline fatums, depres.
sion medications, walking self.effcacy (mnfdence n
the ability & walk at a certain pace for 2 certain time
without sopping), opemmess, cmsCentiousness,
ommection with frhends, warmth, antisoacdal features,
amger, I“;lﬂ:iﬂl. dommi namce, :q;trl! mg:l:iti-un.
avaidanice, non=upport, and treatment rejection. Howe
ever, it should be noted that with the exception of
aloohal abuse, all of these factors were only examined
i ane study each. Some studies reported both signif-
icant aned nonsignificant diffemnces between groups
for e mme pychological vadable depending
measures [paychometric questionnire daty ve dimical
diagmomizs of deprssion and amdety™; adverss life
events in the past year vi. eardier),” followeup time
puint on sympoms after SARS-CoV2 infection, ™
and different aspects of a2 construct [trait vs. st
anmdety; Table 1: RQ1L™

Meta-analysis of cross-sectional studies with
control groups

Meeting the required criteria (25 sudies with valid
daty i the same format) allowed metz-analyes to be
caleulated forde pression, amdety (both categorical and
contimuous comparisons), phsicl adtivity, and sress
fpontimeus comparisons). Pooled meteamlytic evi-
dence for each comstruct is presented in Fig. L
Sensitivity amalyses led to almost identical results for
molustiess [see e Table 18 in the Supplement). For all
rest and funmel plots, e «Figures 1-12 in the
Supplement

Digores gian
Mats hesis of ot i datar Jed de presssion to
be :lpnﬁﬂm]y higher in patients with Long COVID
commred o mntmk £ = 77% p< 0001 «Figure 1in
the Supplement). High betweenstuly hewrogeneity
(I¥ = 93%, p - 0001} and a signifiant fsk for publica-
tiom bizs were found fp < 0.01). Afier applying the trim-
andfll n'ﬂlui'ﬂzmdﬂmmdnpﬁmtmha
SMD of 037 [95% CL 0U07-0.67). Metaralyss of ct-
data indicated 2 significant sssaciation between
Long COVID aned depression [z = 3.6% p < Q001;
eFigure 2 in the Suppement). Agin, heerogensity
between studies was high [I¥ = 875%, p < 0001). Pubk-
cation bias risk was oot sigrihant (p> 0.05).

Amdet y

Met-amalysis of @otimwus dota showed significantly
higher amdety in patients with Long COVID compansd
to contmls [z = 598 p o< Q001:; &Figure 3 in the
Supplement]. Hewemgensity festing yieldsd high
betweenesudy varability [I¥ = 92%, p < 0.,001). Risk for
publication hizs was significant (p < .01) and the model
remained signifiant after the timeandfll method
[SMD = 0.32; %% CIL 0.002-0.63) Metranahsiz of
aiqn:iﬂ]d:hm]hﬂin: ﬂ-pﬁhﬂmbﬂl
tween Long COVID and amdsty [z = 5.07; p < Q001:
eFigure 4 in the Supplement). High heemgensity be.
tween studies (17 = B8%, p < 0.001) was found. Risk for
publication bizs was not significnt (p > 0.05).

Physical activity
]'hm.dﬂkmn]]eﬁu:tmnﬂtipiﬁmtﬁ-l}ﬂ?:
eFigure 5 in the Supplement). Hetemgeneity between
studies was high [I° = 9% p < 0L001). No risk for
publication bizs was found [p > 0.05).

ks
]'hm.dﬂkmn]]eﬁu:tmnﬂtipiﬁmtﬁ-l}.lﬂ:
eFigure 6 in the Supplement). Hetemgeneity between
studies was high [I° = 8% p < 0L001). No risk for
publication bizs was found [p > 0.05).

Research question 2: Which paychol ogical factors
are significantly associated with the presence of
Long COVID or conditien-relevant outcomes such
a3 symptom severity, impairment, quality of life,
and heathcare vtilisation (cros-sectional
asaociations)?

Cressgectional asochtions with psychalogical wari-
ables wer= i in 16 studies for pesnce of
Loreg COVID, in 11 for quality of l#fe, in 8 for impair.
ment, in 4 for mumber of persistent somatic srmptams,
and 2 for symptom severity. In other studies, single
Long COVID symptoms such a5 ftigue were used as
outcomes. Mo sudy emmined helthan wtiliston
Drepression and anxiety wens by far the most frequently
investigated Baors, followed by physical activity and a2

wraree. it coms Woll 7 Jarqat, 2004
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Fij. > Pooled data feom mndom-sfects metaanadyse of onoec-cartional shudies with oontrol grougs:. Nom OF, odds ratio; S0,

standardisd mean difemnce: O, confidence intaral

combimation of deprssion andfor andety. All other
comstructs wer eomined in no more than thres
studies each (<Table 3 in the Supplementg. [n general,
maos studies demonstrated significant assodations be-
tween  maladaptive psychalogical factars and  Long
COVID or condition-melevant oukomes. Sigmificant
negative associations betersen peychologial factors and
condition-relevant owkomes were found in by thres
whindies in botal, ﬁ'ﬂ:f]ﬂ:rﬂhﬁqhhpmmhm.:nn
iety, swicidal ideation, and ilness identity. Solely no
significant associations were meported in two studies for

ableness, and neuratidsm as well 2= for commec-
tion with friends, Knesiophobia, depression medica-
tiomes, and mood disorders. Some studies reporeed bath
significant amd nonesignifiant results depending on
mezsures [depresion repored as mean vs. cutoff),”
oukomes [mental vs physical quality of bfe)=
acute COVID-19 severity,” and aspects of 2 consnct
[state vs. trait amodety™; physical adivity v moctvity;
Talle 1 RQZ)™

Research question 3: Which psychological factors
significantly predict the development or
miaintenance of Long COVID (longitidinal data)?
Prepective rebtions with ical faciors were
s in 16 studies for Long COVID and in twa for
impmirment. Other oukomes were individual Long
COVID sympoms Mo study investigated symptom
severity, quality of lif, ar healtheare uvtilistion Agin,
depression and anodety were assesed most fequendy.
A maimum of three longitedinal sudies sach were
conducted on other variables [Talle 4 n the Supple-
ment]. The majority of studies showed mabdaptive
pevchalogical factors 1o be signifiant predictors of Long
COVID or impairment. The only exception was one
study in which psychosis, tobacm smoking, and sub-
stance abuste signifcantly predicted a lower risk of Long
COVID. For di of i development
and Atention-Defict Hyperactivity Disorder [(ADHD),
only mom-significant msults wen: mported (in one study
each). Resubts for all psxchological Sctors can be found
in Table 1, B3

e wi talamcat coms Wal 7 Augpat, 2004

Risk of bias of induded studies

studies) were of good quakity, 44 were fair, and =wn
were poor. Far data on cos-sctional ssociations, 11
studies were of good quality, 41 were fair, and one was
poor. Reganding longitudinal data, 13 studies were of
good quality, five were fair, and mme was poor. Far
individual quality mtings by swdy design, see
efppendic 2 in the Supplement

Discussion
This is fhe first systematic review and metzanalysds of 2
comprehensive mnge of predefmed ical G-

tors with poterrtial relevance for the development and for
mainerance of Long COVID and associaed srmpiom
severity, impairment, quality of life, and healtheare
utilisation. Consequently, this study asimed to identify
modifable varibles that could mmprwe the uwnder
stinding of Long COVIDandhawe therapeutic nl evance
for afected patients Owenll 113 studies of varying
constructs in ot (¢Table 1 in the Supplement). Find-
ings highlight above all the importance of depression
amd anociety, which could be confrmed by met-anahses
of aessectional studies providing comprisons be-
tween patients with Long OOVID and controls. Met-
arahyses of physical activity and ses with only a
small mumber of studies yielded no mean difference
between tients with Long COVID and contmls. The
sound evidence found fior depression and amdety & in
line with earher stematic reviews and met-anahses
an Long COVID™ and alw comoborates a2 hice
peswchomcial model of persisent mmatic symptoms in
geoeral which proposes both to be important main-
taining and ing factors." " However, the evie
depression and andety & scme, whidh hinders comn.
chesions to be drawn reganding their relevance fir Lang
COVIDL

A marrative smthesis acws all study designs in-
dicates the investigated pachological @mtructs o be
amanciated with amd 'pu:lnd.th'u af I'.nq COVID, with
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m]rmmld.ﬂmpuh:gmmrrﬂﬂt."‘“”“"
The biter m:m]r COmCET T ] health diffe
between mtients with [ong COVID and those with
ather persistent somatic symproms [chomic fatigue, ™=
fibromyalgin, ™ and  postomcoussion syndrome).™
idering the phenotypic msembbmee between
Long COVID and chronic fatigue syndmme in partic.
uhr."':'hld.iuw.iﬂlmm\]p:mps:]luu]d clude ine
dividuake with fatigue but no hisory of COVID-19 to
shed further light on the role of SARS-CoV-2 infec.
fion. "¥* Due to the high mEdion mtes woddwide,
sch commrisons am becoming increasingly dificult
thaugh.

The vast majority of the evidence avadlable o dase
rebtes to the rale of depression and anxiety in Long
COVID. However, the spectrum of peychological criteri
kmsown to be imvalved in chmmic somatic amptoms is
braader. ™ Aleg with regard © other post-acute infection
syndrames, fndings pomt to the importance of variouws
mychalogical constructs like neuroticem o atiribu-
tiomma] styles "5 [n the course of this meview, no shudies
ables such as alexithymia, emaotion megubtion, illnes
behaviour, sympiom penception, and expectations ™™
In contrast i biomedical and X ic risk
Bctars for Long COVID,” psychal ogical faciors offer the
acbantage of being modifoble thmough interven fions.
Thembme, divemsity of ssesed comstructs should e
mcreased in Long COVID mssarch, as is already the
s with other forms of persisemt somatic smp-
ome'" o establish further evidencebased treatment
targets and indorm guidelines ' A maore solid foundation
of mbust resarch findings kading to thomugh exph.
mation models could help alleviate sheptician about the
about their legitimacy in the comext of Lang COVIDL®

In this mview, high hetemgeneity between publica-
tioms and, I zome s, m:ﬂ:d.dq:ﬂ]:hu‘bmnq:
[ . muffcient meparting of stitistical prametrs swch
25 sum soores or mean values) were observed. In addi-
tiom o the monthly vohome of new publications on the
o, wud.ﬂyrm}q:gm:ﬂlﬂiﬂcﬂ;ﬂ h.s. mesures of
mychalogical variobles and owcomes such as impair.
ment, methods of anlysis, and mported sttistical pa-
mmeters) compicate the @msdidation of evidence in
this mpidly growing feld of mseardh and question the
validity of resubts Guidelines fir msearch in the held of
[n:gDDU[D'. :indulﬁ:g harmomisation of data collec.
fion, w@uld improve methoddlogical quality and
ymparability of future sudies and pooling of data. A
e battery of instrumentss to standrdise the e,
ment of mwychaogical aspects in Leng COVID, fr
instance, would not only fadlitte conchsions on their
mmtribution to symptom pemsistencs in the imterplay
betwesen biomedical, m:bﬂc‘pﬂl amd =adal facors,
et aleer om dhe effectivenesss of themapies ™ Beyond that,
mome prospedive ambses of Epresnttive cohorts 2

greatly needed o determine the predicive vahe of
pevchalogical features for tajecionies of somatic symp-
toms after COVID:19, there by improving our etialogical
understmnding of Long COVID and the longterm
Forturately, an increasing mumber of studies dhat
stengthen  ouwr  findings are  aomntly  being
'P1.I])]iﬂ!d.""'°
In mmotrast to previous Eviews on [n:gEDV[D. L
inchuded a wide range aof jcal factars o our
literature search by applying the PSY-P55 famewodk,™
which provides the firgt comprehensive list of poen
tially melevant paypchological featums in persisent so-
miatic sympboms and melaed condifions such & Lang
COVID. One limittion concerns the sardty of sudies
mme[D:mpmgmdui@n]mu
other than depression and amcety. While ther is no
doubt abaut their relevance n mental health mseanch, ™
exchusively focusing on depresion and andety prewnt
informed conclusions about the rebtive mportance of
other paychalogical risk factars for Lang COVID. This
disparity may also be due o the fact that valid selfreport
ey, "' whereas cear meommendations on which
other peychological variables should be sssetaed are il
lacking for Long COVID." Great methadologrical het.
erogensity between studies further hindered the meta-
analytical synthesis of existing dita. In some studies,
only significant effects were reparied. Such publiation
bias was discovered in two of our metzanalyses Indi.
vidual stulies employed inmowative methods, for
instnee allowing for imtra-individual trajectories over
time, which unfortunately could not be metaanalyed =
Based on the msubs of our met-anabyses, no infermces
can be made a5 to cusal rebitions between maladaptive
pevchaogical factors and Long COVID. This requires
further prospective studies. In this medew, # was also
not passible o investigote any imtemctions betwesn
jcal mmstrucks — such 3 depression and
anxiety — and halogical factars in the astiology of Lang
COVID, eg. via nfammatory processss,*** which
could inform #e  further development of 2 bao-
peychomocial expbmatory model for Lomg COVID.
Sewverity of SARS-Cow.2 infection, virus wvarbmt, woci-
nation satus, preexsting or comorbel somatic and for
mental diseases, and dumtion of Long COVID are
impartant fetors to be comsidensd in the nterpretation
of our resuls. However, many studies did not provide
any information on thes factors. Accounting for
these parameters also exeeded the sope of our study
wheme we defmed Lang COVID as per NICE guideline,
ie, purely sympombaed, which does not take any of
the above lsted facoms into account’ Females have 2
]Iid!:l.’ sk d'd.ndn-'pu:‘ [n:gDDU[D"; hawever, we
did not omsider wx and genderspecific diffemnces
regarding paychological variables in this review. Overall,
the mtio of female and male mtent was mlatively
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babmced across all inchuded studies [58% females). In
ﬂdﬁnmdjdndmﬁrmmcﬂnﬁdyi
patients in the merprebation of our resubs and there-
fore cammot draw any conchesions regarding the aoalor
ethmic mpresentativeness of study popubtions. We
extracted data meporeed in mamscripts o
If values were inconsistent or inmmect and we did not
were exduded Bt should ale be noted that we only
to Jamary 2024, but new studies on Long COVID are
constantly being published We extraced additional
prhaogical @mstrucks ot were emmined n the
identifed studies but ar not nduded in the PSY-P55
framewark kst (eg., anger, sef commesion]. Our data-
base search, however, was lnsed on the onginal st of
pevchalogical variables™ and did not cover featumes such
s mychodynamic facors added in 2 newer vemsion.'™
I 't]zd.:Eniﬁmd'anm"[D,mtudﬂz
H[EEFdeﬂi:z.'ir_.qmpmdm\nnf:thutl
weeks, instead of the stricer WHO citeria of post
COVID-19 condition,”™ ie., sympom dumtion of at
least 2 months, © ke mor fndings ne acommt. In
the majarity of identifed studies, the tme critedon of
the WHO criteria was miet (¢Table 1 in the Supplement).
Hmt:mdﬁﬁmmmﬁinmmm
of the rembs.

This mview mmmarises the curment evidenee for
peychokogical factors of importance for the under-
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many other relevant features either miss un]::un]
investigation or have hardly been tested in prospective
amoiety, have insfhdently been addressed n e o
rent mechanistic Lmd.u:rtmﬁqd:' Lemg COVID p:lﬂl-
ophwiolog * While fhis review doss not allow causal
inferences regarding the mle of psxchological facom for
Lemg COVID, it provides a shriing point for further
research, Mo kngitudingl studies and immental
research u::g harmomised methods :::..:H i
advance etiologic modek of Long COVID and help
differentiste between mtient subtypes'~ I light of the
great bunden on affected patients ™ driving forwand
iz plinary treatment for Long COVID based on 2
hﬁlﬂlﬂm]]!m]ﬂ:m i of high climical and soci-
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9. ABSTRACT / ZUSAMMENFASSUNG

9.1. Abstract

This dissertation focuses on psychological factors in patients with burdensome persistent
somatic symptoms lasting at least four weeks after an infection with SARS-CoV-2 that cannot
be explained by another diagnosis, for which patients coined the term Long COVID (LC).
The condition, which emerges in around 10% of infected individuals and potentially
comprises a variety of symptoms, can lead to severe impairment in everyday life, increased
health care utilization, and reduced quality of life. Due to the novelty of LC, its heterogeneous
clinical presentation, and limited knowledge on its etiology, patients often experience a delay
in diagnosis. Moreover, research into effective treatment approaches for LC is still in its
infancy and there is no causal therapy available. Next to general risk factors, studies suggest
the involvement of psychosocial factors in the maintenance of somatic symptoms after
COVID-19 and preliminary evidence indicates cognitive behavioral therapy might be
effective. In view of the detrimental effects on society and public health, supporting
individuals with LC in dealing with their symptoms is crucial. However, structured diagnostic
and therapeutic algorithms are still lacking.

The objectives of this dissertation project were to investigate psychological risk
factors for somatic symptoms during the COVID-19 pandemic, to present a new treatment
approach for LC based on the identified psychological factors, and to identify further
psychological factors potentially related to LC by synthesizing the available evidence in the
literature. Study | is a prospective observational cohort study that assessed specific risk
factors for somatic symptom deterioration during the COVID-19 pandemic in adults with and
without prior SARS-CoV-2 infection empirically. Study Il is the study protocol of an
observer-blinded, three-arm randomized controlled trial, which aims to evaluate a brief, low-
threshold expectation management intervention developed together with patients suffering
from LC. Study Ill is a systematic review and meta-analysis synthesizing published evidence
on psychological factors associated with LC.

The results support the relevance of psychological factors for the persistence of
somatic symptoms after COVID-19. Study | showed that, as opposed to actual SARS-CoV-2
infection, illness-related anxiety or psychological symptom burden, symptom expectations
associated with COVID-19, and the belief of having been infected with SARS-CoV-2 were
significant predictors of somatic symptom deterioration after almost two years of the COVID-
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19 pandemic. Therefore, the RCT described in study Il investigates the effects of a
mechanism-based psychological intervention aimed at the targeted modification of both
iliness-related anxiety and dysfunctional symptom expectations about the clinical symptoms
of LC in comparison to a non-specific supportive intervention and treatment as usual. Study
Il found, among others, that anxiety and depression are both co-occurring phenomena and
predictive factors of LC.

By confirming psychological factors to be of relevance, this dissertation contributes to
a better understanding of the etiology of LC and thereby provides clear indications of possible
therapeutic starting points in the multimodal treatment of LC in accordance with a
biopsychosocial model. This is especially important given the fact that evidence-based
treatment recommendations for LC are still missing. Taking into account a broad spectrum of
psychological factors such as emotion regulation, alexithymia or attributional styles, future
studies should continue to advance a comprehensive understanding of LC and a scientifically

sound multimodal treatment of those affected.

9.2.  Zusammenfassung

Diese Dissertation befasst sich mit psychologischen Faktoren bei Menschen mit belastenden
anhaltenden somatischen Symptomen, die mindestens vier Wochen nach einer Infektion mit
SARS-CoV-2 anhalten und nicht durch eine andere Diagnose erklarbar sind, wofiir Betroffene
den Begriff Long COVID (LC) gepragt haben. Das Beschwerdebild, das bei etwa 10 % der
Infizierten auftritt und potentiell eine Vielzahl von Symptomen umfasst, kann zu schweren
Beeintrachtigungen im Alltag, einer erhdhten Inanspruchnahme von Gesundheitsleistungen
und einer verminderten Lebensqualitat fuhren. Aufgrund der Neuartigkeit des
Krankheitsbildes, seiner heterogenen klinischen Erscheinung und des begrenzten Wissens
iiber seine Atiologie wird die Diagnose haufig erst mit Verzégerung gestellt. Dariiber hinaus
steht die Erforschung wirksamer Behandlungsansétze fiir LC noch am Anfang und es gibt
keine kausale Therapie. Neben allgemeinen Risikofaktoren deuten Studien darauf hin, dass
psychosoziale Faktoren an der Aufrechterhaltung somatischer Symptome nach COVID-19
beteiligt sind und erste Ergebnisse legen nahe, dass kognitive Verhaltenstherapie wirksam
sein konnte. Angesichts der massiven Auswirkungen auf die Gesellschaft und die 6ffentliche
Gesundheit ist die Unterstutzung von Personen mit LC bei der Bewéltigung ihrer Symptome
von entscheidender Bedeutung. Strukturierte diagnostische und therapeutische Algorithmen

fehlen jedoch bislang.
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Ziele dieser Dissertation waren die Untersuchung psychologischer Risikofaktoren fiir
somatische Symptome waéhrend der COVID-19-Pandemie, die Présentation eines neuen
Behandlungsansatzes fir LC auf der Grundlage der gefundenen psychologischen Faktoren
und die Ermittlung weiterer potentiell relevanter psychologischer Faktoren im
Zusammenhang mit LC durch die Synthese der in der Literatur verfiigbaren Evidenz. Studie |
ist eine prospektive Kohortenstudie, in der spezifische Risikofaktoren fir die
Verschlechterung somatischer Symptome wahrend der COVID-19-Pandemie bei
Erwachsenen mit und ohne vorherige SARS-CoV-2-Infektion empirisch untersucht wurden.
Studie Il ist das Studienprotokoll einer Beobachter-verblindeten, dreiarmigen randomisierten
kontrollierten Studie, in der eine Kkurze, niedrigschwellige Erwartungsmanagement-
Intervention evaluiert werden soll, die gemeinsam mit von LC Betroffenen entwickelt wurde.
Bei Studie 111 handelt es sich um eine systematische Ubersichtsarbeit und Meta-Analyse, in
der die bisher publizierte Evidenz zu psychologischen Faktoren im Zusammenhang mit LC
zusammengefasst wurde.

Die Ergebnisse untermauern die Relevanz psychologischer Faktoren fur die Persistenz
somatischer Symptome nach COVID-19. Studie | zeigte, dass im Gegensatz zu einer
tatsachlichen SARS-CoV-2-Infektion krankheitsbezogene Angste bzw. die psychologische
Symptombelastung, mit COVID-19 assoziierte Symptomerwartungen und der Glaube, mit
SARS-CoV-2 infiziert gewesen zu sein, signifikante Pradiktoren fur die Verschlechterung
somatischer Symptome nach fast zwei Jahren COVID-19-Pandemie waren. Daher untersucht
der in Studie Il beschriebene RCT die Auswirkungen einer mechanismusbasierten
psychologischen Intervention, die auf die gezielte Modifikation sowohl krankheitsbezogener
Angste als auch dysfunktionaler Symptomerwartungen abzielt, auf die klinischen Symptome
von LC im Vergleich zu einer unspezifischen supportiven Intervention und einer alleinigen
Behandlung wie ublich. Studie Il ergab unter anderem, dass Angst und Depression sowohl
Begleitphdnomene als auch prédiktive Faktoren von LC sind.

Durch die Bestétigung der Relevanz psychologischer Faktoren tragt diese Dissertation
zu einem besseren Verstandnis der Atiologie von LC bei und liefert damit klare Hinweise auf
mogliche therapeutische Ansatzpunkte in der multimodalen Behandlung von LC in
Ubereinstimmung mit einem biopsychosozialen Modell. Dies ist insbesondere vor dem
Hintergrund wichtig, dass es noch immer keine evidenzbasierten Behandlungsempfehlungen
fir LC gibt. Unter Beriicksichtigung eines breiten Spektrums psychologischer Faktoren wie

zum Beispiel Emotionsregulation, Alexithymie oder Attributionsstile sollten kiinftige Studien
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ein umfassendes Verstandnis von LC und eine wissenschaftlich fundierte multimodale

Behandlung der Betroffenen weiter vorantreiben.
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