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The chronic fatigue syndrome has a long history. There are 
many theories concerning the etiology of the chronic fatigue 
syndrome like induction by viral infections, endocrine disorders, 
autoimmune diseases, cancer, and multiple sclerosis [1-6] .

The prevalence of fatigue varies from 0.3% up to 25% [7,8]. 
The variation in prevalence is due to frequently changing diag-

nostic criteria, case definitions, heterogenous study collectives 
and complex constellations of symptoms [9,10]. The etiology 
and pathophysiology of the chronic fatigue syndrome has not 
been fully resolved yet. 

Fatigue-related symptoms like post-exertional malaise, cog-
nitive dysfunction, unrefreshing sleep, pain and autonomic dys-
function (e.g. dizziness and fainting upon standing up, inability 
to alter heart rate with exercise, sweating abnormalities) indicate 
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Mental Health Disorders After Mild COVID-19: INCREASE IN Fatigue and 
Depression – A Substudy of the Single-Center Controlled Follow-Up Study of 
COVID-19 in The District of Constance (FSC19-KN)

Abstract
Importance: An increasing prevalence of mental health disorders such as fatigue, depression and anxiety has been observed since the 
beginning of the COVID-19 pandemic. However, they might not only be caused by infection itself but also by pandemic circumstanc-
es. Objective: To investigate the incidence of symptoms of fatigue, depression, and panic disorder in SARS-CoV-2 positive subjects in 
comparison to a control cohort. Design: A controlled follow-up of mild COVID-19 cases in the district of Constance, Germany. Setting: 
This monocentric population-based trial is designed as a sub-study of the Follow-up Study of COVID-19 in the district of Constance 
(FSC19-KN). Participants: 280 SARS-CoV-2 PCR positive subjects were recruited as a random sample in cooperation with the local health 
department. 238 subjects with negative SARS-CoV-2 antibody titers were recruited as a volunteer sample in the main study and requested 
to and requested to participate in the substudy subsquently. Exposure: Infections in the SARS-CoV-2 positive group occurred between 
March and December 2020. Main Outcome and Measures: The presence of fatigue, depression and panic disorder was evaluated in both 
groups via two questionnaires: Fatigue Scale for Motor and Cognitive Functions (FSMC) and Patient Health Questionnaire (PHQ-9/-PD). 
Results: Among 376 subjects 216 were female (57.4%), mean age was 49.4 years. 192 (96.5%) of the SARS-CoV-2 positive participants 
had a mild disease course without hospitalization. The General Fatigue Score was significantly higher in the SARS-CoV-2 positive group 
(mean ± standard deviation 42.8±20.2 vs. 32.1±15.7 controls; difference in means 10.7; 95% CI 7.0 to 14.4). General fatigue symptoms 
were detected more frequently in the SARS- CoV-2 positive group (OR 3.76; 95% CI 2.10 to 6.90). The PHQ-9 score was significantly 
higher in the SARS-CoV-2 positive group (5.6±4.9 vs. 3.2±3.9 controls; difference in means 2.4; 95% CI 1.5 to 3.3). Clinically relevant 
depressive symptoms were significantly more common in the SARS-CoV-2 positive group (OR 3.0; 95% CI 1.45 to 6.55). Conclusion: 
This is aggravated by the fact that the etiology although most subjects had a mild disease course without hospitalization, clinically relevant 
symptoms of fatigue and depression were recorded more than twice more frequently in the SARS-CoV-2 positive group. 

Background 
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that this disorder is related to central nervous system [11]. 

Structural and functional neuroimaging has shown significant 
reductions in global grey matter volume in chronic fatigue syn-
drome, as well als a decreased connectivity in fatigue patients 
several brain areas while fatigue increases and recruiting different 
brain areas [12-14].

Furthermore, the identification of disease specific objective 
biological parameters is a current goal of research. The chronic 
fatigue syndrome has been associated with associated with higher 
levels of C-reactive Protein, reduced cortisol levels and elevated 
cytokines [15-17]. 

In the Fatigue Scale for Motor and Cognitive Functions (FSMC) 
which is commonly applied to multiple sclerosis patients there is 
a differentiation between motor and cognitive fatigue [18]. But 
many studies concerning patients with fatigue symptoms exclude 
patients who suffer from depression [19,20]. Contradictorily, it 
has been shown that major depressive disorders or mood disor-
ders often correlate with chronic fatigue syndromes [21,22]. Nev-
ertheless, frequently applied diagnostic classifications for Chronic 
Fatigue Syndrome such as the 1994 International Research Case 
Definition, 2003 Canadian Consensus, 2011 ME International 
Consensus regard psychiatric disorders as exclusion criteria for 
the diagnosis of a fatigue syndrome [23-25]. In Germany a com-
mon term is "chronic fatigue syndrome" while ''myalgic enceph-
alomyelitis'' and chronic fatigue syndrome are commonly used in 
international literature. Since no objective method to diagnose a 
fatigue syndrome has been established so far, it is a diagnosis by 
exclusion despite its presumably high prevalence. 

Respiratory virus infections (e.g. by human respiratory syncy-
tial virus, by human metapneumovirus, by influenza) have been 
observed to cause neurologic alterations. In particular, neuroinva-
sive properties have been found in coronaviruses, such as SARS-
CoV-2 [26,27]. A systematic international review and meta-anal-
ysis showed an incidence of acute encephalitis as a complication 
of COVID-19 was 0.2% [28]. In the COVID-19 pandemic a 
long-term impact on patients has been observed.  In this connec-
tion fatigue was one of the most frequently reported symptoms 
[29,30]. In a Chinese cohort study a 6-month observation after 
SARS-CoV-2 infection had shown that patients suffer from ongo-
ing mental disorders like anxiety and depression [31]. This con-
nection aroused the suspicion that fatigue could be a long-term 
effect of SARS-CoV-2-infection. 

A study on the gerneral US populatiion has proven a 3-fold high-
er pravalence of depressive symptoms during the COVID-19-pan-
demic than before [32]. This is in accordance with observations 
among residents in Taiwan after the SARS crisis in 2003 about 
9.2% of the participants who reported that their perceptions of 
life became more pessimistic during the pandemic even without 
without having been directly affected by the disease  [33]. 

Unfortunately several studies regarding mental health disor-
ders and fatigue were conducted either in post-COVID patients 
or in the general population during the pandemic [31,32]. There-
fore, the question could not been answered so far whether the 
increased incidences of mental disorders or fatigue is due to a 
previous SARS-CoV-2 infection or pandemic circumstances like 
e.g. isolation measures, contact restrictions and lockdowns. 

The sub-study at hand aims to address this gap in understand-
ing by examining both a group of post-COVID subjects and a 
control cohort. 

Methods 
Study design 

The study at hand was designed as a sub-study of the FSC19-
KN [34]. It was conducted as a monocentric cohort study in a 
controlled setting. Its main objective was to investigate the inci-
dence of mental health disorders in SARS-CoV-2 positive sub-
jects living in the local district of Constance (Baden Wurttem-
berg, Germany). Approval was given by the ethics committee of 
the Albert-Ludwigs-University (Freiburg). The study was regis-
tered on the German Clinical Trials Register and Clinicaltrials.
gov.

Participants

In the main study FSC19-KN 281 participants had a Poly-
merase-Chain-Reaction (PCR)-confirmed SARS-CoV-2 infec-
tion and 238 controls showed negative SARS-CoV-2 antibody 
titers [34]. ll subjects were contacted and asked to participate in 
our sub-study (Figure 1). 

The presence of fatigue (Fatigue Scale for Motor and Cogni-
tive Functions, FSMC), depression and anxiety disorder (Patient 
Health Questionnaire, PHQ-9/-PD) was evaluated via online 
questionnaires or by post using paper versions.

Questionnaires

In multiple sclerosis patients fatigue is well known and has a 
high prevalence up to 78.0% as a secondary illness [35]. It can be 
further divided into cognitive or motor fatigue [36]. The FSMC 
is highly sensitive and specific in detecting fatigue in multiple 
sclerosis patients and its internal consistency and reliability are 
high [37]. 

The FSMC general fatigue score (20-100) categorizes none to 
mild (score < 53) and moderate to severe (score ≥ 53) fatigue. 
Furthermore, the cognitive fatigue score (10-50) categorizes 
none to mild (score < 28) and moderate to severe cognitive fa-
tigue (score ≥ 28), whereas the motor fatigue score (10-50) cate-
gorizes none to mild (score < 27) and moderate to severe (score 
≥ 27) motor fatigue. 

The Patient Health Questionnaire-9 (PHQ-9) comprises nine 
questions concerning depression. Its total score (0-27) is used to 
determine the degree of depression (none to severe) [38]. 

The PHQ–9 is a validated survey for major depressive disor-
ders with a sensitivity of 88% and a specificity of 88% at a cutoff 
score of 10 or higher [38]. The score categorizes none to mild 
(score < 10) and moderate to severe (score ≥ 10) depression. The 
latter category is considered clinically relevant. Additionally, in 
clinical practice a score greater than ten corresponds to the pos-
sible diagnosis of a major depression and gives reason to either 
initiate therapy or to follow a watch and wait-procedure [38,39].

The Patient Health Questionnaire – Panic Disorder (PHQ-PD) 
is a subsection of the PHQ-9 and comprises 15 questions on pan-
ic disorder symptoms [40]. 

Since both questionnaires overlap in terms of content (e.g., 
concentration, tiredness), we checked a possible correlation be-
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tween the general fatigue score of the FSMC- and PHQ-9-score 
results.

Ethical consideration

The task of filling out the questionnaires can be stressful for 
subjects with preexisting mental disorders and lead to an aggra-
vation of their psychological state. To address this problem, per-
sonal consultation, assistance completing the questionnaires and 
further information was provided.

Statistical analysis 

Descriptive statistics were used for a comparative presenta-
tion of sociodemographic data. All statistical analyses were per-
formed with STATA. FSMC and PHQ-9/-PD score results are 
given as mean ± standard deviation (SD). Differences in means 
(DM) and their respective 95% confidence intervals (CI) were 
calculated via t-test for independent samples with pooled vari-
ances [41]. The strength of the association between two events 
was quantified by odds ratios (OR). The respective 95%-confi-
dence intervals were determined by log odds ratio function [42]. 
Missing values were not included during data analysis but re-
corded accurately. To determine a correlation between fatigue 
and depression a correlation co-efficient was calculated accord-
ing to Bravais-Pearson.

All study data were collected and managed using a Research 
Electronic Data Capture (REDCap) platform hosted at https://
redcap.glkn.de [43,44]. The accuracy of the data entries was ver-
ified by an external monitor according to guidelines for good 
clinical practice.

Results 
Study population 

The mean time from PCR testing to survey in September 2021 
was 341±89 days. Only 7 subjects (3,5%) of the SARS-CoV-2 
positive subjects were hospitalized and 1 subject (0,5%) was 
ventilated mechanically and monitored in an intensive care unit.

Age, gender distribution and cardiovascular risk factors did 
not differ in the two groups (Table 1). The mean age of the 
SARS-CoV-2 positive participants was 49.0±15.3 years (range 
18 to 80) and the mean age of the controls was 49.7±14.1(range 
18 to 78) years. A total of 112 of the SARS-CoV-2 positive sub-
jects (56.3%) and 104 of the controls (58.8%) were female.

Regarding the distribution of cardiovascular risk factors like 
diabetes mellitus, hypercholesteremia, smoking and family his-
tory of coronary artery disease, there was no difference between 
both study groups

Primary endpoint

The summarized results of the FSMC were given in table 2. 
The mean general fatigue score was significantly higher in the 
SARS-CoV-2 positive group (42.8±20.2 vs. 32.1±15.7 controls; 
DM 10.7; 95% CI 7.0 to 14.4). 

Fatigue symptoms were more common in the SARS-CoV-2 
positive group as compared to the controls (OR 3.76; 95% CI 
2.10 to 6.90). The mean cognitive fatigue score was signifi-
cantly higher in the SARS-CoV-2 positive group (21.4±10.4 
vs. 16.0±7.8 controls; DM 5.4; 95% CI 3.5 to 7.3). Cognitive 
fatigue symptoms were more common in the SARS-CoV-2 pos-

  

SARS-
CoV-2 

positive 

n=199  

Control

n=177

Missing 
Value  

SARS-CoV2 
positive/ 

SARS-CoV2 
negative 

Age – years   49.0±15.3 49.7±14.1 0 / 0

18-39 years – no. (%)   56 (28.1) 40 (22.6) 0 / 0

40-59 years – no. (%)   99 (49.7) 92 (52.0) 0 / 0

60-79 years – no. (%)   43 (21.6) 45 (25.4) 0 / 0

≥ 80 years – no. (%)   1 (0.5) 0 (0.0) 0 / 0

Gender     

Male – no. (%)  87 (43.7)   73 (41.2)   0 / 0

Female – no. (%)   112 (56.3)   104 (58.8)   0 / 0

Cardiovascular Risk Factors     

Diabetes Mellitus 
– no. (%)  

4 (2.0)   5 (2.8)   0 / 0

Arterial Hypertension 
– no. (%) 

38 (19.1)    26 (14.7)   0 / 0

Hypercholesteremia 
– no. (%) 

26 (13.3)   17 (9.6)   4 / 0

Smoking – no. (%)  79 (39.7)   64 (36.2)   0 / 0

Family History of 
CAD – no. (%) 

31 (15.9)   26 (14.9)   4 / 2

Data are given as absolute value (in percentage)/ Mean ± Std. Dev.   

Table 1. Distribution of cardiovascular risk factors in study popula-
tion

itive group (OR 3.01; 95% CI 1.65 to 5.64). The mean motor fa-
tigue score was significantly higher in the SARS-CoV-2 positive 
group (21.5±10.3 vs.16.1±7.7 controls; DM 5.5; 95% CI 3.6 to 
7.3). Relevant motor fatigue symptoms were significantly more 
common in the SARS-CoV-2 positive group (OR 3.63; 95% CI 
2.06 to 6.60).

Secondary endpoints 

The mean PHQ-9 score was significantly higher in the SARS-
CoV-2 positive group (5.6±4.9 vs. 3.2±3.9 controls; DM 2.4; 95% 
CI 1.5 to 3.3). Clinically relevant symptoms were significantly 
more common in the SARS-CoV-2 positive group (OR 3.0; 95% 
CI 1.45 to 6.55); Table 3. Symptoms of a panic syndrome could 
not be detected significantly more often in the SARS-CoV-2 pos-
itive group. 

Correlation 

The strength and direction of the relationship between the gen-
eral fatigue score and the phq-9-score s is demonstrated in the 
graph 1. It shows a strong positive correlation with a correlation 
coefficient R=0.72 between the two scores.

Discussion 
This sub-study proves that even eight to fourteen months af-

ter a mild disease course of COVID-19 a considerable number 
of SARS-CoV-2-positive subjects suffer from symptoms corre-
sponding to mental health disorders (depression and fatigue) in 
comparison to control subjects. 

Comparing the overall prevalence of depressive symptoms in 
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SARS-CoV2 
positive 

n=199 

Control 

Proband 

n=177 

Odds Ratio 
Difference in Means

Missing Value 

SARS-CoV-2 
positive / 

controls 

Total Fatigue Score (20-100)  42.8 ± 20.22  32.06 ± 15.17  --
10.7±1.9 

[7.0 to 14.4] 
6 / 2 

Moderate – Severe total Fatigue

Score ≥ 53 – no. (%)
63 (32.6) 20 (11.4)

3.76

[2.10 to 6.90]
--

Cognitive Fatigue Score (10-50)   21,39 ± 10,42  15.97 ± 7.77 --
5.4

[3.5 to 7.3]
5 / 2

Moderate – Severe cognitive Fatigue   

Score ≥ 28 – no. (%) 
52 (26.8)  19 (10.9) 

3,01

[1.65 to 5.64]
 --

Motor Fatigue Score (10-50)   21,54 ± 10,26  16,09 ± 7,71  --
5.5 

[3.6 to 7.3] 
3 / 2 

Moderate – Severe motor Fatigue   

Score ≥ 27 – no. (%) 
65 (33.2)  21 (12.0) 

3.63

[2.06 to 6.60]
--

Table 2. Number of Fatigue, Scores by using the FSMC

Data are given as absolute value (in percentage)/ Mean ± Std. Dev. and in square brackets 95% CI

 

SARS-CoV2 
positive 

n=199 

Control 

Proband 

n=177 

Odds Ratio 
Difference in 

Means 

Missing Value 

SARS-CoV-2 
positive / 

Controls

PHQ-9 Score (0-27)  5.61 ± 4.85  3.18 ± 3.85  -- 
2.4 

[1.5 to 3.3] 
0 / 2 

Moderate - Severe Depression  

Score ≥ 10 – no. (%) 
36 (18.1)   12 (6.9)

3.0

[1.45 to 6.55]
--

PHQ-PD (Panic Disorder)          0 / 2 

No Panic Syndrome – no. (%)  191 (96.0)  174 (99.4) 
2.4

[0.6 to 9.3]
   

Table 3. Number of Depression and Panic Disorder, Scores by using PHQ-9 and PHQ-PD

Data are given as absolute value (in percentage)/ Mean ± Std. Dev. and in square brackets 95% CI   

Graph 1. Correlation between the FSMC-score and PHQ-9-score

Germany (PHQ-8 score > 10) before the pandemic in the GEDA 
2014/2015-EHIS study to the prevalence of depressive symp-
toms (PHQ -9 score > 10) in the control group, the latter one 
appeared to be even lower despite pandemic circumstances since 
march 2020 [45]. This observation contradicts study results from 
Denmark showing that the local population felt affected nega-
tively in their psychological well-being by the COVID-19 pan-
demic [46]. 

Depressive symptoms were detected more than twice more of-
ten, and general symptoms of fatigue were detected almost three 
times more often in the SARS-CoV-2 positive group. 

The results could suggest that a higher prevalence of symp-
toms of fatigue and depression is related to a previous SARS-
CoV-2-infection, but COVID-19 may not be the only factor re-
sponsible for this observation.
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Possibly the awareness of the infection itself and its possible 
severe consequences could influence the SARS-CoV-2 positive 
group to such an extent that they report psychological symptoms 
significantly more often. 

Both cognitive and motor fatigue scores were higher in the 
SARS-CoV-2 positive group. The association between SARS-
CoV-2 infection and motor fatigue appears larger than for cog-
nitive fatigue. This indicates that the fatigue after COVID 19 in-
fection is rather motoric than cognitive. The correlation analysis 
to illustrates a clear association of fatigue and depression in the 
SARS-CoV-2 positive group. Neuroimaging proceduces such as  
structural and functional neuroimaging could be used to further 
explore this correlation and its underlying pathomechanism. 

Cardiovascular, pulmonary and neurological sequelae of 
COVID-19 have been identified before [47-49]. Since post-
COVID patients especially suffer from symptoms like fatigue, 
headache and attention disorder, the differential diagnosis of a 
mental health disorder should be considered more often in these 
patients [50]. 

Since most studies published so far observed long-term conse-
quences over short periods of time, more long-term observation 
of COVID-19-patients is needed [47-50].  

Limitation 

A selection bias may be present, since subjects suffering from 
high degree depression or fatigue are more likely to deny study 
participation [51] and therefore may have excluded themselves 
from the substudy a priori, thus even leading to an underestima-
tion of the findings at hand. On the other hand, the investigated 
subjects  provided a description of their thoughts, feelings, or 
behaviors referring their mental health via questionnaires, which 
could lead to self-report bias [52]. 

Due to the low hospitalization rate in the SARS-CoV-2 posi-
tive cohort the findings are only applicable to mild courses. The 
study results, however, affect the majority of infected patients, 
since more than 90% of the COVID patients in Germany were 
not hospitalized in 2021 [53]. 

Furthermore, the PHQ-9 is recommended in a two-stage 
screening process [54]. Therefore a follow-up examination is 
planned in 2022.

Conclusion 

Although most SARS-CoV-2 positive subjects had a disease 
course without hospitalization, clinically relevant symptoms of 
fatigue and depression were observed significantly more often 
in the SARS-CoV-2 positive group. Since the study data were 
acquired in a controlled setting, the results may suggest that the 
higher prevalence of mental health disorders could be associated 
with the previous infection. 

To identify the exact mechanisms leading to increasing prev-
alence of mental disorders and persistence of mental health dis-
orders during the global COVID-19 pandemic further research 
is required. The adjustment of diagnostic and therapeutic pro-
cedures in post-COVID patients should be conducted based on 
further significant data.

Key Points

Question: Is there an increased prevalence of fatigue and de-
pression after COVID-19 in comparison to a control cohort? 

Findings: In this controlled follow-up study which included 209 
SARS-CoV-2 PCR positive subjects and 183 subjects with nega-
tive SARS-CoV-2 antibody titers, the symptoms of fatigue were 
detected almost three times and depressive symptoms twice more 
frequently in the SARS-CoV-2 positive group.

Meaning: A higher prevalence of symptoms of fatigue and de-
pression is associated with SARS-CoV-2 infection and is not only 
due to pandemic circumstances 

Trial Registration

clinicaltrials.gov Identifier: NCT04883190

German Clinical Trials Register Identifier: DRKS00025176 
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