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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) globally1. 

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 public2,3. An increase in psychopathological symptoms and 

psychological distress in the general population due to containment measures is now 

undisputed4-6. 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 impairment7. 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 time6,8. 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 depression9,10. While such trajectories of recovery appear to be 

indicative of resilience in adult populations11, the situation is different for persistent somatic 

symptoms after SARS-CoV-2 infection. 
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After acute somatic symptoms of COVID-19, like cough, fever, and myalgia12, 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 patients13 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 

proposed14. 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 functioning15. 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 affected16,17. 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. 



7 

 

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 symptoms18,19 

which can affect patients of any severity of preceding SARS-CoV-2 infection20-22. 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”23-25. As LC symptomatology can fluctuate greatly26,27 

with fatigue being the core symptom28,29, a growing body of research is addressing the 

resemblance and overlap between LC and chronic fatigue syndrome (CFS), also called 

myalgic encephalomyelitis (ME30-32). 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 life33,34. Besides 

persistent fatigue, PEM has been listed as a frequent sequelae of COVID-19 in a subset of 

patients18,25. Since the etiology of ME/CFS is not well understood and diagnostic biomarkers 

have not been identified yet35, ME/CFS is sometimes considered a functional somatic 

disorder36,37 with a multifactorial genesis38. ME/CFS is thought to be commonly triggered by 

infectious diseases39-42 and is often associated with depression22,43,44. Among others, 

perpetuating factors can be low physical activity or dysfunctional beliefs45. 
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Figure 1. Symptoms of Long COVID 

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, 202223); 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 preliminary46. 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 groups47. 

Early studies on mostly hospitalized patients estimated prevalences of more than 70% around 

four months after the infection48,49. In a Chinese cohort of hospitalized patients, 68% stated at 

least one sequelae symptom at six months and 55% at two years21. As frequently documented 

LC symptoms are nonspecific and also common in the general population irrespective of 

SARS-CoV-2 infection50, 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 infection51), thereby avoiding an 

overestimation of the frequency of LC23,47,52. 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 months53. 

Compared to initial reports, recent publications with large population-based data sets 

suggest a lower prevalence of LC of around 10-13%20,54-56. 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 infection25. Similarly, 

Hartung et al.20 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 months54. 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-1957. 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 infection58. However, the long-

term evolution of LC is still unknown. 

 

Consequences 

With millions of people affected by COVID-191, 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 

life53,59. 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 

systems60,61 which may even exceed the temporary overuse of health care resources by acute 

cases of the disease. 
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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 

disability62,63. Heterogeneous pathophysiological mechanisms across multiple organ systems 

have been postulated for LC. These include: virus-triggered inflammatory processes64, 

autoimmunity65-67, the persistence of viral reservoirs68-70, microbiota dysbiosis71, and 

microvascular blood clotting with endothelial dysfunction (for a review, see 19,40,72,73). To 

date, no specific diagnostic markers (for example, in the blood) or characteristic imaging 

findings are known to fully explain LC65, 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 

illness-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 infection74. 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 Delta75,76. 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 yet77. 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, 202278 

Kessler et al. J Clin Med, 202379  

Shi et al. Infection, 202380 

Sudre et al. Nat Med, 202181 

Tene et al. Int J Infect Dis, 202361 

Thompson et al. Nat Commun, 202282 

Tsampasian et al. JAMA Intern Med, 202383 

female sex 

Frontera et al. J Neurol Sci, 202278 

Kessler et al. J Clin Med, 202379 

Shi et al. Infection, 202380 

Subramanian et al. Nat Med, 202274 

Sudre et al. Nat Med, 202181 

Tene et al. Int J Infect Dis, 202361 

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, 202262 

Frontera et al. J Neurol Sci, 202278 

Huang et al. Lancet Respir Med, 202221 

Sudre et al. Nat Med, 202181 

Tene et al. Int J Infect Dis, 202361 

Tsampasian et al. JAMA Intern Med, 202383 

pre-existing medical 

conditions 

high BMI/obesity 

Subramanian et al. Nat Med, 202274 

Sudre et al. Nat Med, 202181 

Thompson et al. Nat Commun, 202282 

Tsampasian et al. JAMA Intern Med, 202383 

smoking 

Subramanian et al. Nat Med, 202274 

Tene et al. Int J Infect Dis, 202361 

Tsampasian et al. JAMA Intern Med, 202383 

asthma 

Kessler et al. J Clin Med, 202379 

Thompson et al. Nat Commun, 202282 

Tsampasian et al. JAMA Intern Med, 202383 
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migraine 
Kessler et al. J Clin Med, 202379 

Subramanian et al. Nat Med, 202274 

COPD 
Subramanian et al. Nat Med, 202274 

Tsampasian et al. JAMA Intern Med, 202383 

type 2 diabetes Tsampasian et al. JAMA Intern Med, 202383 

chronic kidney 

disease 
Tsampasian et al. JAMA Intern Med, 202383 

multiple sclerosis Subramanian et al. Nat Med, 202274 

ischemic heart 

disease 
Tsampasian et al. JAMA Intern Med, 202383 

back pain Kessler et al. J Clin Med, 202379 

SARS-CoV-2 infection with early virus strain 
Antonelli et al. Lancet, 202275 

Perlis et al. JAMA Netw Open, 202276 

 

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 depression38. 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)84,85. 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 mortality86. 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-1987. This is in line with research 

demonstrating negative effects of high psychological distress on inflammation and immune 

system functioning88-92 as well as regulation of the autonomic nervous system93. 
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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 

(illness-related) anxiety 

Bahmer et al. EClinicalMedicine, 202262 

Bobak et a. Psychosom Med, 202494 

Greißel et al. Sci Rep, 202495 

Joli et al. Front Psychiatry, 202238 

Milde et al. Psychosom Med, 202396 

Nishimi et al. Psychol Med., 202497 

Subramanian et al. Nat Med, 202274 

Thompson et al. Nat Commun, 202282 

Tsampasian et al. JAMA Intern Med, 202383 

Wang et al. JAMA Psychiatry, 202217 

depression 

Bobak et a. Psychosom Med, 202494 

Durstenfeld et al. Open Forum Infect Dis, 202398 

Greißel et al. Sci Rep, 202495 

Joli et al. Front Psychiatry, 202238 

Mazza et al. J Psychiatr Res, 202229 

Milde et al. Psychosom Med, 202396 

Nishimi et al. Psychol Med., 202497 

Subramanian et al. Nat Med, 202274 

Thompson et al. Nat Commun, 202282 

Tsampasian et al. JAMA Intern Med, 202383 

Wang et al. JAMA Psychiatry, 202217 

 

Biopsychosocial view on Long COVID 

In line with the observation that most LC symptoms are unspecific and also common in the 

general population50,99,100 as well as in other long-term medical conditions101, 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 
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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 LC63. 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 

infection95. Also, negative expectations have repeatedly been shown to be linked to adverse 

health outcomes like worse somatic symptoms and increased disability102,103. 

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 evidence104. 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 diagnostics62. Several other studies did not find relevant 

pathological abnormalities in LC either30,105-107. 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 performance108. 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 task109. 

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 mechanisms110,111. Accordingly, LC can occur 

regardless of severe, mild, or even asymptomatic acute illness as well as vaccination status20-

22,112-114. 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 LC110,111,115,116. In light 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 LC51. 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 therapy51. Gaining a better understanding of psychological factors in LC can also 

help differentiate between patient subgroups and thereby support the identification of 

meaningful biomarkers110. 

 

2.3. Treatment of Long COVID 

 

LC is now recognized as a major public health problem and in several countries, management 

guidelines have been published14,117. Assuming that LC is a multisystemic condition, 

multimodal treatment seems to be a logical consequence118. 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.119-121). Therefore, psychotherapeutic interventions aiming to reduce 

psychological burden should be investigated as potential treatments of LC17,38. 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 usual122. A German feasibility trial found high 

acceptance of CBT and high satisfaction with the therapy sessions among patients with LC123. 

Currently, most trials that have been registered at the WHO Internal Clinical Trials Registry 

Platform (ICTRP) investigate rehabilitation measures including exercise124, with preliminary 

evidence of positive effects on LC symptomatology125,126. Beyond that, many studies deal 

with alternative medicine like homeopathy, Ayurveda, or dietary supplements124. Empirical 

evidence of such interventions is presently limited due to mostly small and uncontrolled 

studies38. 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 research127. 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 SOMACROSS128. 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 Löwe (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.COV, 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 I), (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 III). Study I 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. 
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Study II 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 III 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 I 

 

Engelmann, P., Löwe, 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 IgG 

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-
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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,” 

“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 R² = 

0.167, Δ R² = 0.178, Δ F = 15.618, df = (9, 649), sig. Δ 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 samples129,130. 
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4.2. Summary study II 

 

Engelmann, P., Büchel, C., Frommhold, J., Klose, H. F. E., Lohse, A. W., Maehder, K., 

Nestoriuc, Y., Scherer, M., Suling, A., Toussaint, A., Weigel, A., Zapf, A., & Löwe, 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), e207. 

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 SOMACROSS. 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 III 

 

Engelmann P., Reinke M., Stein C., Salzmann S., Löwe 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 (Hüsing 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 I), the study protocol of an observer-blinded, three-arm randomized 

controlled trial (study II), and a systematic review and meta-analysis (study III). 

 

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 I), 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 anxiety74,83 and dysfunctional expectations104,131 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)128. 

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 findings63 pointing to a biopsychosocial model of LC110,111. In 

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 anxiety132,133, 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-19134,135. In fact, several studies 

reported an increase in illness-related anxiety after the COVID-19 outbreak, especially during 

the early stages134,136. Illness-related anxiety, in turn, has been found a strong predictor of 

somatic symptoms in the general population, before as well as during the pandemic137-139. 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 III), 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 LC38,83 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 III) 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 II is the first to assess the modifiability of specific psychological 

mechanisms of symptom persistence in LC. The prospective design of study I is particularly 

noteworthy as it added further evidence to previous cross-sectional results104. 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 I. 

While focusing on a small selection of psychological variables in study I, studies II 

and III 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 II) 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.COV 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-12140; symptom expectations: e.g., EURONET-SOMA numeric rating scales141; 

depression: e.g., PHQ-9142). 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 CBT122,123. 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 affected143. 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 professionals144. 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 examinations110,145. Unfortunately, 

the rationale behind psychosomatic medicine is sometimes misunderstood, not only by 

patients, but also by other researchers and medical disciplines16,17. 

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 precision146,147. 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 inprecise148,149. 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 LC110. 

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 

expectations150. 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 manner103. 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 LC151. 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 themselves55,152-154 or on their severity64,155. In a longitudinal cohort study64, 

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%)154. 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%156). 

Canas et al.152 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 problems55. A multicenter prospective cohort 

study by Kenny et al.153 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 sizes154. 

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 LC152. 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 disorders157. 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 concerns158. SSD is often associated with lower 

quality of life, increased functional impairment, and higher utilization of health care 

services138,159. Earlier studies from before the COVID-19 pandemic already found viral 

infections to be associated with a diagnosis of SSD160. 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 infection161. 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 SSD30. 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 

PSS162. 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 fatigue41,163,164. 

Symptoms commonly seen after viral illnesses are consistent with those linked to 

LC40,41,165,166. Two 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 LC166-168. In 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 frequency169. In a case-control study, Moldofsky & 

Patcai166 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.167, 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.165 

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-illness stage170. 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 complications171. Equivalent 

to LC, long-lasting symptoms after SARS-CoV-1 and MERS-CoV were often independent of 

initial disease severity167,172. 

Other publications confirm an increase in psychological burden following prior virus 

outbreaks and infectious diseases similar to LC173, like SARS-CoV-1174, MERS-CoV175, 

Ebola virus disease176, H1N1 influenza177, or tuberculosis178. For instance, illness-related 

anxiety was widespread in times of virus outbreaks like Ebola179, H1N1180, or avian 

influenza181. Psychological variables and mental illnesses have also been shown to be 

predictive of the development or perpetuation of PSS after an acute infection182. 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 severity183. Hulme et al.45 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 

understood40. 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 severity121. 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 treatment184. 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.COV project. 
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6. LIST OF ABBREVIATIONS 

 

BMI   Body mass index 

CBT   Cognitive behavioral therapy 

COPD   Chronic obstructive pulmonary disease 

COVID-19  Coronavirus disease 2019 

GAD-2  Generalized Anxiety Disorder Scale-2 

ICD-10  International Statistical Classification of Diseases and Related Health 

Problems, 10th revision 

ICD-11  International Statistical Classification of Diseases and Related Health 

Problems, 11th revision 

ICTRP   International Clinical Trials Registry Platform 

IgG   Immunoglobulin G 

ISRCTN  International Standard Randomised Controlled Trial Number 

LC   Long COVID 

ME/CFS  Myalgic encephalomyelitis/chronic fatigue syndrome 

MERS-CoV  Middle East respiratory syndrome 

MOOSE  Meta-analysis Of Observational Studies in Epidemiology 

NICE   National Institute for Health and Care Excellence 

PAIS   Post-acute infection syndromes 

PCR   Polymerase chain reaction 

PEM   Post-exertional malaise 

PHQ-15  Patient Health Questionnaire-15 

PHQ-2   Patient Health Questionnaire-2 

PHQ-9   Patient Health Questionnaire-9 

PSS   Persistent somatic symptoms 

RCT   Randomized controlled trial 

SARS-CoV-1  Severe acute respiratory syndrome coronavirus 1 

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2 

SSD   Somatic Symptom Disorder 

SSD-12  Somatic Symptom Disorder - B Criteria Scale 

SSS-8   Somatic Symptom Scale-8 
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UK   United Kingdom 

US   United States 

WHO   World Health Organization 
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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 I 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 II 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 III 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 I 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-



91 

 

19 pandemic. Therefore, the RCT described in study II investigates the effects of a 

mechanism-based psychological intervention aimed at the targeted modification of both 

illness-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 

III 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 erklärbar sind, wofür Betroffene 

den Begriff Long COVID (LC) geprägt haben. Das Beschwerdebild, das bei etwa 10 % der 

Infizierten auftritt und potentiell eine Vielzahl von Symptomen umfasst, kann zu schweren 

Beeinträchtigungen im Alltag, einer erhöhten Inanspruchnahme von Gesundheitsleistungen 

und einer verminderten Lebensqualität führen. Aufgrund der Neuartigkeit des 

Krankheitsbildes, seiner heterogenen klinischen Erscheinung und des begrenzten Wissens 

über seine Ätiologie wird die Diagnose häufig erst mit Verzögerung gestellt. Darüber hinaus 

steht die Erforschung wirksamer Behandlungsansätze für 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 könnte. Angesichts der massiven Auswirkungen auf die Gesellschaft und die öffentliche 

Gesundheit ist die Unterstützung von Personen mit LC bei der Bewältigung 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 für 

somatische Symptome während der COVID-19-Pandemie, die Präsentation eines neuen 

Behandlungsansatzes für 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 verfügbaren Evidenz. Studie I 

ist eine prospektive Kohortenstudie, in der spezifische Risikofaktoren für die 

Verschlechterung somatischer Symptome während der COVID-19-Pandemie bei 

Erwachsenen mit und ohne vorherige SARS-CoV-2-Infektion empirisch untersucht wurden. 

Studie II ist das Studienprotokoll einer Beobachter-verblindeten, dreiarmigen randomisierten 

kontrollierten Studie, in der eine kurze, niedrigschwellige Erwartungsmanagement-

Intervention evaluiert werden soll, die gemeinsam mit von LC Betroffenen entwickelt wurde. 

Bei Studie III handelt es sich um eine systematische Übersichtsarbeit 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 für die Persistenz 

somatischer Symptome nach COVID-19. Studie I zeigte, dass im Gegensatz zu einer 

tatsächlichen SARS-CoV-2-Infektion krankheitsbezogene Ängste bzw. die psychologische 

Symptombelastung, mit COVID-19 assoziierte Symptomerwartungen und der Glaube, mit 

SARS-CoV-2 infiziert gewesen zu sein, signifikante Prädiktoren für die Verschlechterung 

somatischer Symptome nach fast zwei Jahren COVID-19-Pandemie waren. Daher untersucht 

der in Studie II beschriebene RCT die Auswirkungen einer mechanismusbasierten 

psychologischen Intervention, die auf die gezielte Modifikation sowohl krankheitsbezogener 

Ängste als auch dysfunktionaler Symptomerwartungen abzielt, auf die klinischen Symptome 

von LC im Vergleich zu einer unspezifischen supportiven Intervention und einer alleinigen 

Behandlung wie üblich. Studie III ergab unter anderem, dass Angst und Depression sowohl 

Begleitphänomene als auch prädiktive Faktoren von LC sind. 

Durch die Bestätigung der Relevanz psychologischer Faktoren trägt diese Dissertation 

zu einem besseren Verständnis der Ätiologie von LC bei und liefert damit klare Hinweise auf 

mögliche therapeutische Ansatzpunkte in der multimodalen Behandlung von LC in 

Übereinstimmung mit einem biopsychosozialen Modell. Dies ist insbesondere vor dem 

Hintergrund wichtig, dass es noch immer keine evidenzbasierten Behandlungsempfehlungen 

für LC gibt. Unter Berücksichtigung eines breiten Spektrums psychologischer Faktoren wie 

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

Behandlung der Betroffenen weiter vorantreiben. 
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