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A B S T R A C T   

Background: Post-COVID syndrome (PCS) is defined by symptom persistence accompanied by daily life impair
ment (DLI). The association of somatic symptom disorder (SSD) and symptoms with DLI after SARS-CoV-2 
infection in the general population is unclear to date. The main objective of the study was to investigate the 
association of possible SSD, depression, anxiety, and participant-reported symptoms with DLI in a local popu
lation sample. 
Methods: Anonymised cross-sectional study. A symptom questionnaire, including the scales Patient Health 
Questionnaire PHQ-15 (somatisation module), SSD-12 (psychological distress in SSD), PHQ-2 (depression), GAD- 
2 (anxiety), and FAS (fatigue assessment scale) was sent in 02/2022 to all adult residents of the district Bad Tölz- 
Wolfratshausen, Germany, who were registered for SARS-CoV-2-infection between 03/2020 and 11/2021 (8925 
delivered). Associations between DLI, symptoms and scales were estimated using binary logistic regression 
models and network analysis. 
Results: 2828 questionnaires (31.7%) were complete. 1486 (52.5%) reported persistent symptoms, and 509 
(18.0%) perceived DLI. DLI was strongest associated with self-reported fatigue (OR 7.86; 95%CI 5.63–10.97), 
dyspnea (3.93; 2.73–5.67), impaired concentration (3.05; 2.17–4.30), SSD-12 (4.36; 2.57–7.41), and PHQ-2 
(2.48; 1.57–3.92). Self-reported fatigue showed the strongest correlation (rp = 0.248) and closest proximity to 
DLI in network analysis. 
Conclusion: PCS appears as a complex clinical picture in which SSD might play an important role when DLI is 
present. The pychological burden might partly be explained by the persistent symptoms, which are difficult to 
treat up to now. Screening for SSD could help in differential diagnostic decision-making to ensure that patients 
receive appropriate psychosocial interventions for disease coping.   

1. Introduction 

The occurrence of SARS-CoV-2 resulted in a viral pandemic with 
significant health impacts on affected people and increased mortality, 
which also led to a concomitant global crisis. Although primarily a 
respiratory infection, COVID-19 appears to be a systemic disease in 
which almost all organ systems can be affected [1]. The course of 
COVID-19 infection is usually rather mild, especially at younger ages. 

However, the risk for hospitalization and mortality is rising with 
increasing age and concomitant comorbidity [2]. After overcoming the 
disease, a large proportion of those affected have recovered, but a 
considerable amount of patients suffer from persistent symptoms after 
the infection, often accompanied by daily life impairment (DLI). 
Accordingly, Long-COVID is defined as persistent symptoms more than 
four weeks after acute infection; and Post-COVID syndrome (PCS) is 
defined as symptom persistence of more than three months or first 
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appearance after three months, with impact on everyday functioning 
[3,4]. Recent cohort studies reported varying prevalence numbers of 
PCS, ranging from 5% to 35% [5,6], depending in part on the type of PCS 
definition and sample population. 

The most common PCS symptoms include fatigue/exhaustion, 
impaired concentration (“brain fog”), dyspnea, muscle pain, persistent 
olfactory and gustatory disturbances [5–10]. Peter et al. found within 
their cohort study that the symptom groups fatigue and neurocognitive 
impairment contributed most to reduced health-related recovery and 
work ability, but that other symptoms such as anxiety, depression, and 
headache were also important [5]. On the one hand, specific single 
symptoms can be explained as organ-related dysfunction, such as dys
pnea in the context of pulmonary residuals of COVID-19 infection [9]. 
On the other hand, the causes of many symptoms and their impact on 
daily life impairment are currently not well understood. Psychological 
mechanisms are therefore increasingly being considered for a better 
understanding of Long-COVID or PCS, respectively [11]. 

In this context, the question arises of an additionally existing somatic 
symptom disorder (SSD), i.e. a combination of suffering from physical 
complaints, regardless of their origin, with psychobehavioural charac
teristics of an excessive preoccupation with one's own physical symp
toms [12]. Particularly regarding chronic fatigue, the origin of the 
symptoms is sometimes considered as a functional somatic syndrome 
[13–15]. Studies with highly selected patients from tertiary university 
hospital settings found clues to a high proportion of SSD in COVID-19 
patients with neurological symptoms [16,17]. Increased somatisation 
scores were found in a small cohort study comparing 164 SARS-CoV-2 
infected patients with 183 test-negative control subjects recruited in a 
university hospital testing laboratory [18]. Beyond that, several studies 
have described an association between PCS and anxiey, depression, and 
psychiatric disorders [19–21]. In-depth knowledge about the contribu
tion of SSD to DLI could be important to support early identification of 
patients at risk, facilitate diagnostic decision-making and develop 
appropriate therapeutic support. However, the association of SSD and 
symptoms with DLI after SARS-CoV-2 infection in the general popula
tion is unclear to date. To address this knowledge gap, the main objec
tive of the study was to investigate the association between possible SSD, 
depression, anxiety and participant-reported symptoms with DLI in a 
local population sample. 

2. Methods 

2.1. Study participants 

The study was conducted as a cross-sectional survey. On February 
07, 2022, an anonymous self-report questionnaire was sent by the local 
health authority of the Bavarian district Bad-Tölz/Wolfratshausen (total 
population = 128,212, as of December 2020) to all residents who tested 
positive for SARS-CoV-2 by polymerase chain reaction (PCR) test be
tween March 1, 2020 and November 30, 2021. Exclusion criteria were 
patients under 18 years of age. The study was approved by the Ethics 
Committee of the Medical Faculty of the Technical University Munich. 

2.2. Data collection and questionnaires 

The questionnaire included psychometric questionnaires and a list of 
the most common PCS symptoms according to the German COVID-19 
guideline [3]. Symptoms were surveyed that were present at the time 
of data collection and that were subjectively attributed by the partici
pants to a SARS-CoV-2 infection. Accordingly, participants were asked 
Áre you currently suffering from the symptoms listed below that you 
attribute to infection with the Corona virus?́. The time of infection was 
also queried, allowing calculation of symptom duration in months. 
Beyond that, age, sex, and BMI were inquired. Participants were asked to 
what extent they experienced DLI due to SARS-CoV-2 infection. The 
response options were ‘no limitation’, ‘persistent sick leave’, ‘retired due 

to COVID-19 infection’, ‘I cannot do my everyday tasks as well as before 
the infection (e.g. shopping, household)’, ‘I cannot be as active in my 
leisure activities and hobbies as before the infection’. Multiple answers 
could be given. Finally, participants were asked whether they were 
currently being treated in general or specialist practice in outpatient 
care or in a specialised COVID-19 outpatient clinic. 

The Patient Health Questionnaire-15 (PHQ-15) assesses the presence 
and severity of common somatic symptoms (SSD A criterion) within the 
past 4 weeks using 15 items [22]. The Somatic Symptom Disorder - B 
Criteria Scale (SSD-12) is a reliable and valid questionnaire consisting of 
12 items to assess the B criteria of somatoform disorders according to 
DSM-5 (psychological symptom burden in the context of somatic 
symptoms irrespective of their origin). Each of the three psychological 
subcriteria of SSD (cognitive, affective, and behavioral) is measured 
with four items, with all item scores ranging from 0 (never) to 4 (very 
frequently). The scores are summed to obtain a simple total score (which 
can vary between 0 and 48 points) [23]. The combination of PHQ-15 
and SSD-12 effectively identifies individuals at risk for SSD. The 
configuration of PHQ ≥ 9 points and SSD ≥ 23 points was used for this 
purpose [24]. 

The Patient Health Questionnaire-4 (PHQ-4) is a two-dimensional 
measurement instrument for assessing depressiveness (PHQ-2) and 
anxiety (GAD-2) [25]. The PHQ-2 consists of two DSM-IV core diag
nostic criteria for depressive disorders. The GAD-2 consists of the two 
core criteria for generalized anxiety disorder. The response options are 
“not at all,” “some days,” “more than half the days,” and “almost every 
day,” scored as 0, 1, 2, and 3, respectively. Scale scores of ≥3 have been 
recommended as cut-off values for the PHQ-2 and GAD-2 [26,27]. 

The Fatigue Assessment Scale (FAS) is a 10-item unidimensional 
questionnaire designed to assess the severity of fatigue. Five questions 
relate to physical fatigue and 5 questions (questions 3 and 6–9) relate to 
mental fatigue. Responses are mapped on a 5-point scale (from “1” =
never to “5” = always); the sum score thus be 10–50 points. Scores of 
10–21 indicate no fatigue, scores of 22–50 indicate mild-to-moderate 
fatigue, scores ≥35 indicate extreme fatigue [28,29]. 

2.3. Statistical analysis 

DLI was dichotomized into ‘at least one impairment present’ (DLI 
group) versus ‘no impairment present’ (non-DLI group). Group differ
ences regarding participantś characteristics and psychometric scales 
were calculated using descriptive statistics and tested for statistical 
significance using Mann-Whitney U test and chi-square test, respec
tively. In addition, to assess possible differences in disease burden be
tween symptom persistence and DLI, we compared patients with 
persistent symptoms with those without symptoms. 

Univariate and multiple binary logistic regression models were used 
to estimate odds ratios (OR) of the participants' symptoms, psychometric 
questionnaire categorical scores (PHQ-15, SSD-12, PHQ-2, GAD-2), age, 
sex, body mass index (BMI), and time since infection as independent 
variables with respect to DLI as dependent variable. Collinearity of the 
independent variables was measured by variance inflation factors (VIF) 
[30,31]. In addition, stepwise backward variable selection based on 
Akaike's information criterion (AIC) was carried out to determine the 
most informative independent variables. Hypothesis tests were per
formed at exploratory two-sided 5% significance levels, and corre
sponding 95% confidence intervals (95% CI) are generated for effect 
sizes of interest. 

In an additional analysis, pairwise partial correlations (rp) were 
computed to evaluate the independent relations between DLI, partic
ipantś symptoms and the psychometric variables [32]. Variables with at 
least one correlation >0.2 were included in a network analysis, which 
was displayed in the two-dimensional space using Fruchterman- 
Reingold force-directed placement [33]. The variables of the network 
were clustered by optimizing weighted modularity, that is by defining 
clusters optimizing the tradeoff between (strong) within-cluster 
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correlations and (weak) between-cluster correlations [34]. 
Ten-fold cross-validation stratified by DLI was used to quantify and 

compare the prognostic accuracy of a binary logistic regression model 
including the symptoms as independent variables to a respective model 
additionally including SSD-12. Receiver Operating Characteristics 
(ROC) curve analysis was performed to calculate the area under the 
curve (AUC) as performance measure [30,31]. Data entry and analysis 
were performed using SPSS 26.0 [IBM Corp., Armonk, NY] and R 4.0.3 
[The R Foundation for Statistical Computing, Vienna, Austria] using the 
add-on packages corpcor [35] and igraph [36]. 

3. Results 

From March 1, 2020 to November 30, 2021, a total of 9780 adult 
residents of the district with SARS-CoV-2 infection were registered at the 
Bad Tölz Health Department; the mean age was 45.6 (standard deviation 
18.5) years, and 4996 (51.1%) were female. 9287 questionnaires could 
be sent. 8925 questionnaires were successfully delivered in February 
2022; 3120 (35.0%) questionnaires were received; 2828 (31.7%) ques
tionaires were completely evaluable (Fig. 1). The mean age of partici
pants was 47.3 (standard deviation 17.1) years, and 1523 (53.8%) were 
female. 1486 (52.5%) reported persistent symptoms for more than three 
months, and 509 (18.0%) perceived daily life impairment (DLI) 
(Table 1). The most frequently reported symptoms were fatigue 
(24.4%), changes in the sense of smell (20.5%) and taste (14.7%), 
impaired concentration (16.5%) and memory problems (15.2%). In 
patients with persistent symptoms and DLI, the most frequently reported 
symptoms were fatigue (79.5%), impaired concentration (53.2%), 
memory problems (47.6%), and dyspnea (47.8%). 11 participants 
without symptoms reported DLI, mainly because the symptom items did 
not match their complaint pattern. Within the group of symptomatic 
participants, 1183/1486 (79.6%) reported having remained without 
medical treatment. 116 (7.8%) were treated by a general practitioner 
only, 58 (3.9%) were treated by a specialist in outpatient care only, 93 
(6.3%) were treated by a general practitioner and a specialist, and 9 
(0.6%) were treated in a dedicated Post-COVID outpatient clinic (data 
not in table). 

416 (14.7%) participants showed PHQ-15 sum scores ≥9, and 210 
(7.4%) SSD-12 sum scores ≥23, and 136 (4.8%) scored above cut-off 
values in both questionnaires (Table 1). 271 (9.6%) participants 
showed PHQ-2 ≥ 3, and 216 (7.6%) GAD-2 ≥ 3. Mild-to-moderate and 
severe fatigue according to the FAS occured in 674 (23.8%) and 136 
(4.8%) participants, respectively. The proportion of participants scoring 
above critical cut-values for PHQ-15, SSD-12, PHQ-2 and GAD-2 ranged 
between 25.8% and 56.0% among participants with both persistent 
symptoms and DLI, between 2.1% to 14.2% among those with persistent 
symptoms but without DLI, and between 0.2% and 3.2% among par
ticipants without persistent symptoms and also without DLI. Regarding 
the Fatigue Assessment Scale, it was noticeable that patients with 
persistent symptoms and DLI scored in 78.2% above the critical cut- 
value of the FAS questionnaire. 

The univariate regression model showed strikingly high uncondi
tional ORs for prediction of DLI, whereas the conditional ORs of the 
multiple regression model were significantly reduced (Table 2). There 
was a moderate collinearity among the independent variables with 
respective VIF ranging from 1.07 to 2.19. The regression analysis with 
stepwise backward variable selection is depicted in Table 3. It showed 
that DLI was strongest associated with self-reported fatigue (OR 7.86; 
95%CI 5.63–10.97), dyspnea (3.93; 2.73–5.67), impaired concentation 
(3.05; 2.17–4.30), SSD-12 (4.36; 2.57–7.41), and PHQ-2 (2.48; 
1.57–3.92). PHQ-15, FAS, GAD-2, self-rated depression, and self-rated 
anxiety were excluded by variable selection. 

Fig. 2 illustrates the strength of bivariate partial correlations and the 
respective clustering of DLI, symptoms and psychometric variables. Four 
clusters emerged: a cluster comprising DLI and self-rated symptoms fa
tigue, concentration and memory disturbance (green colour); a 

psychological cluster (including self-rated anxiety, self-rated depression, 
PHQ-2, GAD-2, and SSD-12 (light blue)); a sensory cluster comprising 
altered smell and taste (yellow); and a weight associated cluster 
comprising weight loss, loss of appetite, body mass index, and male sex 
(violet). Self-reported fatigue showed the strongest correlation (rp =

0.248) and closest proximity to DLI. The second strongest but overall 
weak correlation with DLI was observed for SSD-12 (rp = 0.153), which 
clustered with PHQ-2, GAD-2, self-reported anxiety and depression. 
However, many of the relations are spurious and there are only few and 
moderate to weak partial relations to DLI. Finally, the ROC analysis 
showed only a minor additive value of the SSD-12 for the prediction of 
DLI, as the cross-validated AUC of the model using the symptoms as 
independent variables was 0.937, and increased to 0.940 when SSD-12 
was additionally included (Fig. 3). 

4. Discussion 

The population-based survey found that 18.0% of participants suf
fered from DLI, and 52.5% of participants had long-lasting symptoms 
more than three months after SARS CoV-2 infection. DLI was mainly 
related to self-reported fatigue, though excessive preoccupation with 
one's bodily symptoms (SSD-12), dyspnea, impaired concentration, and 
depression (PHQ-2) additionally contributed. 

Recently, a large population-based study showed that the symptom 
groups fatigue and neurocognitive impairment contribute most to 
reduced health recovery, while chest symptoms, including shortness of 
breath, follow in third place [5]. The global dominance of these symp
toms was also demonstrated by systematic reviews with a meta-analysis 
[9,37], and in outpatient care by routine data analysis [7]. Our survey 
now provides evidence on the extent to which SSD is of importance for 
DLI after SARS-CoV-2 infection in the normal population. 25.6% of 
participants with persistent symptoms and DLI fulfilled the criteria of 
possible SSD, as assessed with SSD-12 and PHQ-15, compared to 2.1% 
without DLI. The univariate regression analysis confirmed these strong 
associations. However, the multiple regression model exhibited a mod
erate collinearity of the variables. Correspondingly, the network anal
ysis uncovers the rather weak correlations between the variables and 
DLI. It illustrates in depth the relation of screening questionnaire results 
to participant-reported symptoms and shows that the subjectively 
perceived fatigue dominates the relation to DLI. This might serve as a 
hint that an excessive preoccupation with one's bodily symptoms in 
terms of B criterion of SSD, as assessed by the SSD-12, could be partly 
explained by the persistent and subjectively highly disturbing symptoms 
in the new disease pattern of PCS itself, especially as these are difficult to 
treat. Fitting to this, the ROC analysis to predict DLI showed almost no 
increase in AUC when SSD-12 was additionally combined with the 
symptoms. Noticeably, the scales GAD-2 and PHQ-15 were eliminated 
by variable selection in the regression analysis and were also not rele
vant in the network analysis. In the case of PHQ-15, this is obvious, as it 
is a list of symptoms, so that the additional explanatory value is 
redundant with regard to DLI; but anxiety also does not seem to have any 
significant meaning for a better understanding of the illness experience. 

Our results might contribute to the discussion that Post-COVID 
research offers the opportunity to improve the understanding of the 
post-viral illness experience and its relationship to functional syndromes 
[11,13]. Up to now, diagnostic and therapeutic decision making 
regarding PCS might have been guided by the major disease clusters of 
the cardiovascular [38] and pulmonary systems [39] as well as the 
nervous system [40] that are affected by COVID-19. Based on our re
sults, it seems reasonable to also consider certain aspects of SSD. Our 
findings suggest that a relevant proportion of patients with PCS, as 
defined by persistent symptoms and DLI, might suffer from SSD. These 
patients at risk should be identified early to ensure optimal supportive 
treatment. On the other hand, based on our findings, it seems likley that 
the majority of individuals in the general population meeting the criteria 
of PCS do not suffer from SSD. Particularly, among persons with 
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Fig. 1. Flow chart of study.  
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persistent symptoms but without DLI the psychological burden of 
symptoms as assessed by the SSD-12 questionnaire seems very limited in 
the overwhelming majority. The comparatively low prevalence of SSD in 
our survey could also be an indication that the new diagnosis according 
to DSM-5 would not lead to an overestimation of SSD, as has already 
been considered [12,41]. Accordingly, the particular usefulness of the 
SSD-12 for a better understanding of the clinical picture could be given 
above all to those persons who are affected by infections or disease 
states. 

It seems disconcerting that a significant proportion of patients still 
suffer from Post-COVID symptoms and DLI after SARS-CoV2 infection; 
and apparently patients with DLI also had a considerably higher symp
tom burden. With a response rate of 31.7% and assuming that residents 
without symptoms are less likely to respond, the incidence of persistent 
symptoms could be at least 15% (1486/9780) and the incidence of DLI 
5% (509/9780), which fits well with previous studies [5,7,37]. How
ever, 80.7% of the respondents with persistent symptoms were not 
under medical treatment, and only a very small proportion was treated 
in a Post-COVID outpatient clinic. It is remarkable that most of the 
participants were treated in outpatient care by general practitioners and 

specialists in private practice. In this regard, outpatient care is faced 
with the challenge of developing concepts that effectively support pa
tients in coping with the most common physical and psychological 
symptoms. 

5. Strengths and limitations 

A strength was the mailing to all residents of the administrative 
district with PCR-verified confirmation of SARS-CoV-2 infection. 
Despite the comparatively high response rate, it is reasonable to assume 
that participants with persistent symptoms are more likely to respond. 
The participants were slightly older and more female than all infected 
persons in the district during this period. While the impact of age is 
inconsistent, female sex was identified as a risk factor for Long-COVID or 
PSC, respectively [42,43]. In terms of generalisability, the prevalence of 
symptom persistence and DLI in our study might therefore tend to be 
overestimated. Certainly, it should be noted that the cross-sectional 
design of the study does not allow any conclusions to be drawn about 
the longitudinal course of the disease. Another limitation is the use of 
questionnaires to diagnose psychological comorbidity. Ideally, the 

Table 1 
Symptoms and questionnaires for somatic symptoms disorder, depression, anxiety, fatigue per group.   

All 
(N = 2828) 

PS+/DLI+
(N = 498) 

PS-/DLI+
(N = 11) 

PS+/DLI- 
(N = 988) 

PS-/DLI- 
(N = 1331)  

n (%) n (%) n (%) n (%) n (%) 
Baseline characteristics 
Female (42 missing) 1523 (53.8) 275 (56.1) 4 (36.4) 567 (58.4) 677 (51.5) 
Age in years (12 missing) [mean ± sd)] 47.3 ± 17.1 53.6 ± 16.6 50.9 ± 17.6 47.0 ± 17.1 45.0 ± 16.6 
BMI (44 missing) [mean ± sd)] 25.7 ± 4.8 27.1 ± 5.1 29.3 ± 12.2 25.7 ± 4.8 25.5 ± 4.5 
Months since infection (0 missing) [mean ± sd)] 9.2 ± 6.0 11.2 ± 6.4 10.4 ± 7.0 9.2 ± 5.9 8.4 ± 5.6 
Daily life impairment (0 missing)* 509 (18.0) 498 (100) 11 (100) 0 0 
- pension due to COVID-19 4 (0.1) 4 (0.8) 0 0 0 
- sick leave 38 (1.3) 37 (7.4) 1 (9.1) 0 0 
- daily activities 255 (9.0) 250 (50.2) 5 (45.5) 0 0 
- leisure time only 212 (7.5) 207 (41.5) 5 (45.5) 0 0 
Self-reported symptoms (0 missing)* 1486 (52.5) 498 (100) 11 (0) 988 (100) 0 
Fatigue 691 (24.4) 396 (79.5) 0 295 (29.9) 0 
Distorted sense of smell 579 (20.5) 133 (33.3) 0 413 (41.8) 0 
Impaired concentration 466 (16.5) 265 (53.2) 0 201 (20.3) 0 
Distorted sense of taste 415 (14.7) 151 (30.3) 0 300 (30.4) 0 
Problems with memory 429 (15.2) 237 (47.6) 0 192 (19.4) 0 
Sleep disturbance 406 (14.4) 221 (44.4) 0 185 (18.7) 0 
Headache 361 (12.8) 173 (34.7) 0 188 (19.0) 0 
Muscular pain 333 (11.8) 208 (41.8) 0 147 (14.9) 0 
Dyspnea 365 (12.9) 238 (47.8) 0 127 (12.9) 0 
Cough 282 (10.0) 127 (25.5) 0 155 (15.7) 0 
Vertigo 271 (9.6) 160 (32.1) 0 111 (11.2) 0 
Palpitations 266 (9.4) 156 (31.3) 0 110 (11.1) 0 
Chest pain 192 (6.8) 115 (23.1) 0 77 (7.8) 0 
Depression 159 (5.6) 109 (24.7) 0 50 (5.4) 0 
Anxiety 150 (5.3) 100 (22.1) 0 50 (5.4) 0 
Tinnitus 139 (4.9) 67 (13.5) 0 72 (7.3) 0 
Loss of appetite 133 (4.7) 67 (13.5) 0 66 (6.7) 0 
Weight loss 128 (4.5) 67 (13.5) 0 61 (6.2) 0 
Skin rashes 90 (3.2) 44 (8.8) 0 46 (4.7) 0 
Questionnaires 
PHQ-15 ≥ 9 (114 missing) 416 (14.7) 251 (56.0) 0 134 (14.2%) 31 (2.3%) 
SSD-12 ≥ 23 (64 missing) 210 (7.4) 152 (32.0) 0 37 (3.8%) 21 (1.6%) 
PHQ-15 ≥ 9 and SSD-12 ≥ 23 (152 missing) 136 (4.8) 113 (25.6) 0 20 (2.1%) 3 (0.2%) 
PHQ-2 ≥ 3 (65 missing) 271 (9.6) 158 (33.0) 0 70 (7.2%) 43 (3.2%) 
GAD-2 ≥ 3 (65 missing) 216 (7.6) 124 (25.8) 0 63 (6.5%) 29 (2.2%) 
FAS = 22 to 34 (47 missing) 

FAS ≥ 35 
674 (23.8) 
136 (4.8) 

267 (55.7) 
108 (22.5) 

4 (36.4%) 
0 

273 (28.1%) 
24 (2.5%) 

130 (9.9%) 
4 (0.3%) 

PS-/DLI- Participants without current, persistent symptoms and without daily life impairment. 
PS-/DLI + Participants without current, persistent symptoms but with daily life impairment. 
PS+/DLI- Paticipants with current, persistent symptoms but without daily life impairment. 
PS+/DLI + Paticipants with current, persistent symptoms and daily life impairment. 
PHQ-15, Patient Health Questionnaire-15; SSD-12, Somatic Symptom Disorder-B Criteria Scale; PHQ-2, Patient Health Questionnaire-2, GAD-2, Generalized Anxiety 
Disorder-2 questionnaire; FAS, Fatigue Assessment Scale. 

* multiple answer options possible. 

A. Schneider et al.                                                                                                                                                                                                                              



Journal of Psychosomatic Research 168 (2023) 111230

6

diagnosis would have to be validated by a structured clinical interview, 
especially since the diagnosis of SSD no longer differentiates between 
organically explained and unexplained complaints. This was not 
possible due to the completely anonymized survey and the size of the 
population-based study sample. Another limitation is the lack of a 
control group, so that the causality of symptom development remains 
unclear. However, there is increasing evidence that the symptoms fa
tigue, dyspnea, impaired concentration are quite characteristic for 
SARS-CoV-2 infection [5,7,37]. Furthermore, the absence of a control 
group would not affect our results regarding the association between 
increased SSD in participants with DLI compared to participants without 

Table 2 
Predictive odds ratios for daily life impairment (2828 completers); univariate 
model and multiple model (inclusion model).   

Univariate Model Multiple Model  

OR (95%CI) p-value OR (95%CI) p-value 

SSD-12 17.39 
(12.59–24.02) 

<0.001 2.38 
(1.26–4.49) 

0.008 

PHQ-15 15.29 
(11.99–19.48) 

<0.001 1.05 
(0.65–1.72) 

0.832 

Fatigue (FAS) mild – 
moderate * 

11.27 
(8.81–14.41) 

<0.001 3.31 
(2.21–4.95) 

<0.001 

Fatigue (FAS) severe 
* 

64.62 
(40.90–102.14) 

<0.001 5.12 
(2.11–12.42) 

<0.001 

Depression (PHQ-2) 
9.16 
(7.01–11.97) <0.001 

1.74 
(0.97–3.12) 0.062 

Anxiety (GAD-2) 
8.04 
(6.00–10.76) 

<0.001 
0.80 
(0.43–1.63) 

0.594 

Fatigue 28.87 
(22.29–37.39) 

<0.001 5.98 
(4.04–8.85) 

<0.001 

Dyspnea 
17.00 
(13.19–21.92) <0.001 

3.49 
(2.25–5.44) <0.001 

Concentration 
disturbance 

13.10 
(10.38–16.53) <0.001 

1.91 
(1.18–3.11) 0.009 

Memory distorbance 
10.66 
(8.45–13.45) 

<0.001 
1.42 
(0.87–2.31) 

0.164 

Sleep disorder 9.76 
(7.72–12.34) 

<0.001 1.89 
(1.23–2.90) 

0.004 

Cough 5.23 (4.03–6.80) <0.001 
0.60 
(0.35–1.04) 0.069 

Muscle pain 
11.18 
(8.74–14.32) <0.001 

1.69 
(1.06–2.69) 0.028 

Chest pain 9.39 
(6.89–12.80) 

<0.001 1.61 
(0.88–2.92) 

0.121 

Palpitation 9.90 
(7.54–12.98) 

<0.001 1.37 
(0.80–2.35) 

0.259 

Vertigo 
10.11 
(7.72–13.24) <0.001 

1.37 
(0.82–2.27) 0.238 

Tinnitus 5.27 (3.71–7.48) <0.001 
0.96 
(0.49–1.89) 0.909 

Loss of appetite 5.67 (3.97–8.09) <0.001 1.22 
(0.55–2.70) 

0.633 

Weight loss 6.16 (4.29–8.86) <0.001 1.37 
(0.64–2.95) 

0.420 

Headache 6.46 (5.09–8.22) <0.001 
1.01 
(0.65–1.76) 0.804 

Altered smell 2.49 (2.01–3.10) <0.001 
1.23 
(0.70–2.16) 0.469 

Altered taste 3.14 (2.45–3.95) <0.001 1.16 
(0.62–2.14) 

0.643 

Scin rash 5.09 (3.32–7.79) <0.001 1.03 
(0.48–2.21) 

0.935 

Months since 
infection 1.07 (1.05–1.08) <0.001 

1.06 
(1.03–1.09) <0.001 

Age 1.03 (1.02–1.03) <0.001 
1.02 
(1.01–1.03) <0.001 

Male sex 0.95 (0.78–1.16) 0.659 1.44 
(0.99–2.08) 

0.054 

Body mass index 1.07 (1.05–1.09) <0.001 1.02 
(0.99–1.06) 

0.248 

PHQ-15, Patient Health Questionnaire-15; SSD-12, Somatic Symptom Disorder- 
B Criteria Scale; PHQ-2, Patient Health Questionnaire-2, GAD-2, Generalized 
Anxiety Disorder-2 questionnaire; FAS, Fatigue Assessment Scale. 

Table 3 
Predictive odds ratios for daily life impairment (2828 completers) – multiple 
model with variable selection due to Aikaike information criteria.   

Multiple Model  

Questionnaire / Symptom OR (95% CI) p-value 

SSD-12 4.36 (2.57–7.41) <0,001 
Depression (PHQ-2) 2.48 (1.57–3.92) <0,001 
Fatigue 7.86 (5.63–10.97) <0,001 
Dyspnea 3.93 (2.73–5.67) <0,001 
Concentration disturbance 3.05 (2.17–4.30) <0,001 
Sleep disorder 2.08 (1.45–3.00) <0,001 
Muscle pain 2.18 (1.49–3.20) <0,001 
Months since infection 1.06 (1.03–1.08) <0,001 
Age 1.02 (1.01–1.03) <0,001 

SSD-12, Somatic Symptom Disorder-B Criteria Scale; PHQ-2, Patient Health 
Questionnaire-2. 

Fig. 2. Network analysis – grey lines, positive correlations; red lines negative 
correlations. Thickness of the lines correlates with the strength of association. 

Fig. 3. Receiver Operating Characteristics (ROC) curve analysis to compare the 
area under the curve (AUC) of śymptoms onlý with śymptoms and SSD-12′ (SSD 
12, Somatic Symptom Disorder-B Criteria Scale). 
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DLI. In addition, the study participants were probably infected with 
different virus strains (wild-type, Alpha, Delta). However, the Omicron 
variant, which is known to cause less severe disease, was documented in 
South Africa at the end of the study, but not in Germany. Finally, we 
could not ask about vaccination status. Since at that time the vaccination 
discussion in the population was very controversial, we abstained from 
this question to avoid a non-response out of protest here. In this respect, 
the impact of vaccination on symptom presentation and DLI remains 
unclear. The latter two aspects would not affect our findings that pa
tients with DLI suffer from increased psychological symptom burden. 

6. Conclusion 

PCS appears as a complex clinical picture in which SSD might play an 
important role when DLI is present. An excessive preoccupation with 
one's bodily symptoms in terms of B criterion of SSD, as assessed by the 
SSD-12, might be partly explained by the persistent unexplained and 
subjectively highly disturbing symptoms in the new disease pattern of 
PCS itself, especially as these are difficult to treat. Screening for SSD 
could help in differential diagnostic decision-making to ensure that 
patients receive appropriate psychosocial interventions to help them 
cope with the disease. 
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