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A B S T R A C T   

Objective: Fatigue has been identified as the core symptom of long-Covid, however, putative pandemic-related 
influences remain largely unclear. We investigated trajectories of total, physical and mental fatigue and the 
factors associated with it in previously infected and non-infected individuals up to one year post- infection. 
Methods: We used data from a longitudinal cohort study of German adults with two samples: A representative 
probability sample and a sample of individuals with proven SARS-CoV-2 infection. Surveys were conducted in 
spring 2020(T1), autumn 2020(T2) and summer 2021(T3). Fatigue was assessed using the FAS, distinguishes 
between physical and mental fatigue. Depression, anxiety and stress were assessed using PHQ-4 and PSQ. 
Results: 1990 participants [mean age 47.2 (SD = 17.0), 30.5% previously infected] were included in the survey at 
T1 (n = 1118 at T2, n = 692 at T3). Total and physical fatigue, but not mental fatigue were significantly higher in 
the previously infected compared to the non-infected sample at T2, but this group difference disappeared at T3. 
We identified Covid-infection as a factor associated with transient total and physical fatigue at T2. Depression, 
anxiety and stress at T1 were associated with total, physical and mental fatigue at both follow-ups. 
Conclusions: Our results highlight the importance of considering physical and mental fatigue as separate entities, 
while suggesting a greater relevance of the physical signs of fatigue in understanding long-Covid. The results 
further showed that baseline mental health symptoms were the most strongly associated with fatigue trajectories.   

1. Introduction 

A global pandemic followed the SARS-CoV-2 virus outbreak in late 
2019. A substantial subgroup of individuals infected by SARS-CoV-2 
reports persistent or newly emerging symptoms, even weeks or 
months after acute infection [1]. Up to now, a variety of physical, 
cognitive, and psychological post-acute symptoms have been identified 
[2–4]. If these symptoms are ongoing or develop four weeks beyond the 

acute infection, they are classified as ‘long-Covid’; if these symptoms are 
persistent or newly develop in a timeframe of more than twelve weeks 
after infection, this is called ‘post-Covid’ according to current guidelines 
[5,6], however, the term ‘long-Covid’ is also commonly used for these 
longer persistent symptoms. The World Health Organization (WHO) 
defines post-COVID-19 disease as a condition that occurs in individuals 
who have previously had a confirmed or probable SARS-CoV-2 infection 
and suffer from symptoms that cannot be attributed to an alternative 
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diagnosis, while the time period is defined as “usually 3 months from the 
onset of COVID-19 with symptoms that last for at least 2 months” [7]. 
The proportion of those developing post-COVID-19 is very heteroge
neous, ranging from 13% [8] to 87% [9]. This heterogeneity can be 
attributed to several factors, including the severity of acute disease 
course, a wide range of symptoms [10], different virus variants [11], the 
use of different definitions for long-/Post-Covid, and the lack of control 
groups in many studies [12]. In a recent controlled study based on data 
of >200,000 individuals from England, 10.2% reported long-COVID 
symptoms and 7.5% reported post-COVID symptoms after COVID-19 
infection [10]. 

The symptom which is consistently reported most frequently by pa
tients affected by long-Covid is fatigue [2–4,13,14]. Fatigue is concep
tualized as an overwhelming and prolonged feeling of tiredness or 
exhaustion with both a physical (e.g., difficulty performing physical 
activities) and mental (e.g., concentration problems and difficulty in 
carrying out cognitive task, diminished attention and concentration) 
dimension [15–18]. Research suggests that mental fatigue likely reflects 
a specific psychological response to prolonged pandemic conditions 
[19] which is associated with higher levels of depression and anxiety 
[20]. Calabria and colleagues examined overall, mental and physical 
fatigue in individuals reporting cognitive complaints after infection 
[21]. While higher levels of depression, anxiety as well as deficits in 
executive function and working memory were associated with mental 
fatigue, executive control deficits (e.g. switching abilities), anxiety and 
being female were associated with physical fatigue [21]. Overall fatigue 
is more commonly reported by females [22,23], and is common in the 
general population, especially due to psychosocial stressors in everyday 
life [24]. Previous evidence is inconclusive regarding the relationship 
between age and fatigue, with studies showing a positive correlation 
[25], a negative correlation [26], or no link between fatigue and age 
[27]. Generally, fatigue is frequently associated with a range of disor
ders, including infectious, physical, neurological, and mental health 
diseases (e.g., Eppstein-Bar virus, sarcoidosis, cancer, depression) 
[15,17,28,29]. Since fatigue is the most commonly reported symptom in 
almost all studies in patients with post-Covid, with a prevalence ranging 
from 28 to 87% [30], it is important to better understand the risk factors 
and the course of fatigue. 

A challenge in defining the clinical picture of long-Covid are con
founding general effects of the pandemic. The restrictions on public and 
private life during the pandemic, such as lockdown and social isolation, 
led to a deterioration of mental health in the general population 
[31–36]. Previous studies have shown that individuals with heightened 
stress levels and also prior mental health burden may be more likely to 
be affected by fatigue [34,35,37]. Longitudinal data from a controlled 
cohort study comparing trajectories and the associated factors with fa
tigue in previously infected versus non-infected individuals could pro
vide more insight into the course of fatigue and its role in long-Covid. In 
previous controlled studies, higher fatigue scores and longer-lasting fa
tigue were found in individuals after infection as compared with con
trols, but also individuals who did not experience an infection were 
affected by fatigue [26,37–40]. These data suggest that there may be 
additive or synergistic effects of virus infection, individual (pre- 
pandemic) factors and the general pandemic circumstances on fatigue 
symptomatology and reporting. However, to date, there are few 
controlled studies examining Covid-related fatigue between previously 
infected and non-infected individuals over the long term. Longitudinal 
controlled cohort data is needed to disentangle mechanisms of fatigue 
and to contribute to a better understanding of the evolving clinical 
picture of long-Covid. 

We report data collected within a controlled population-based lon
gitudinal survey study assessing physical, mental and overall fatigue in a 
sample of the general population who have not been infected with SARS- 
CoV-2 as compared to a sample with a proven SARS-CoV-2 infection 
from the same area. Additionally, we aim to identify the factors asso
ciated with fatigue Data was assessed at three measurement time points, 

starting in spring 2020 (T1), and following up in autumn 2020 (T2) as 
well as in summer 2021 (T3). Anxiety, depression, and stress were 
assessed at T1, T2 and T3, fatigue was assessed at T2 and T3. 

We hypothesize that on average, we will find (a) higher total fatigue 
levels at T2 and T3 among those who have been infected as compared to 
those who have been not, and (b) that we will be able to identify factors 
that are associated with higher fatigue at T2 and T3 and these will 
include younger age, female gender, higher baseline depression, anxiety 
and stress at T1. Additionally, we investigate putative differential tra
jectories and associated factors of mental versus physical fatigue on an 
exploratory level. 

2. Method 

2.1. Study design and participants 

Data stems from a longitudinal cohort study in the adult general 
population living in Stuttgart, Germany with around n = 630.000 in
habitants. Data on the non-infected general population (sample A) is 
derived from a probability sample, which was drawn by the residents’ 
registration office. The sample was representative of the adult popula
tion living in Stuttgart, based on age and sex distribution. Persons with a 
previous infection were excluded. 

Data on individuals who have been infected (sample B) was derived 
from the database on infected adults officially registered at the Stuttgart 
Public Health Department by May 2020. 

For sample A, adult members of 4400 households were invited for 
study participation via postal letters. For sample B, all N = 1267 adult 
registered individuals with proven SARS-CoV-2 infection were invited to 
participate in the study by the Stuttgart public health authority. Survey 
assessments took place in May 2020 (T1), November 2020 (T2), and July 
2021 (T3). At each measurement point, participants were asked if they 
had previously been infected with Covid-19. In sample A, the infection 
with Covid-19 was based on self-declaration. 

Participants could fill out the questionnaire either online or on a 
paper. All procedures contributing to this work comply with the ethical 
standards of the relevant national and institutional committees on 
human experimentation and with the Helsinki Declaration of 1975, as 
revised in 2008. All procedures involving human subjects were 
approved by the ethics committee of the Medical Faculty Tuebingen and 
the University Hospital Tuebingen (271/2020BO1). Written informed 
consent was obtained from all subjects. 

2.2. Measures 

Fatigue was assessed at T2 and T3 using the 10-item Fatigue 
Assessment Scale (FAS) which comprises, the two subscales mental fa
tigue and physical fatigue [41]. The total score and the subscale scores 
were calculated. The total score ranges from 10 to 50 [41]. A previous 
study on fatigue in sarcoidosis indicated that FAS scores ≥22 ≤ 34 
represent mild to moderate fatigue and scores ≥35 represent severe 
fatigue [42]. The FAS was validated in a working population in the 
Netherlands, among others [43]. In the absence of more generally 
validated cut-off scores, we have relied on this previously reported 
classification. Mental burden was assessed at all measurement time 
points relying on core symptoms of anxiety and depression as assessed 
by the PHQ-4 [44], a widely used screening instrument consisting of two 
items assessing anxiety (GAD-2) and two items assessing depressive 
symptoms (PHQ-2) [44]. Subjective stress experience was measured 
using the Perceived Stress Questionnaire (PSQ) with 20 items and mean 
values were transformed linearly between 0 and 100 [45]. In addition, 
sociodemographic variables (e.g., age, gender) were collected. 

2.3. Statistical analyses 

The primary outcome of the study was the Fatigue total scale (FAS), 
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secondary outcomes were physical and mental subscales of the FAS. 
Multiple imputation was applied to allow an analysis of fatigue data in 
all subjects with FAS data at T2. We excluded subjects from the control 
group which had an infection between T2 and T3 (n = 1118, n = 722 not 
infected, n = 396 previously infected). These subjects were not imputed. 
In the imputation model, age and gender and PHQ at T1, T2, and T3, and 
FAS at T2 were used to simulate the distribution of missing FAS at T3. 
Five hundred imputation samples were drawn. The imputation module 
of SPSS for Windows release 26 was used. The missing structure was 
non-hierarchical. Comparisons between groups were done using the chi- 
square test for nominal and the t-test for independent samples of nor
mally distributed data. For non-normally distributed measurements and 
ordinal variables Mann-Whitneys rank sum test was used. In linear 
regression analyses with FAS at T2 and T3 a priori defined potentially 
associated characteristics (gender, age, PHQ-4 baseline and PSQ-20 
baseline) were included as covariates (continuous, except for gender) 
additionally to infection (yes/no). We have calculated further analyses, 
adjusting for smoking, coronary heart disease, respiratory disease and 
previous mental disorders. No variable selection was applied. The level 
of significance was 0.05 (two-sided) in all statistical tests. All analyses 
were done using SPSS for Windows release 26. 

3. Results 

3.1. Sample characteristics at baseline 

N = 5667 adults living in Stuttgart were invited to participate in our 
study, resulting in a final sample of 1990 participants at T1 after dropout 
and exclusion (Fig. 1). A total of n = 5667 adults living in Stuttgart were 

invited to participate, resulting in a final sample of n = 1990 who 
participated at T1 after dropout and exclusion. 

In the previously infected sample, from which data is missing for n =
20 participants, n = 509 (86.9%) were treated at home, n = 78 (13.3%) 
were hospitalized, among them n = 26 (4.4%) required admission to 
intensive care (ICU) and n = 10 (1.7%) required artificial respiration. 
Patients could require both ICU treatment and artificial respiration. In 
the total sample, the most common underlying chronic conditions were 
cardiovascular disease (16.8%), metabolic disease (11.8%), and 
musculoskeletal disease (11.5%). A history of mental illness was re
ported by n = 83 participants (4.2%). 

There were no differences between groups in underlying chronic 
conditions. Patients who have been infected were younger than those 
with no infection. Table 1 shows demographic and clinical characteris
tics of both study samples. 

3.2. Attrition of survey participants 

We included a total of 1118 (56.2% of the baseline-sample) at T2, 
with 722 (52.2%) from the non-infected sample and 396 (65.3%) from 
the previously infected sample. We were still able to include 692 sub
jects (34.8% of the baseline-sample) at T3, with 462 (33.4%) from the 
non-infected sample and 230 (38.0%) from the previously infected 
sample. Dropout analysis showed a difference in the frequency of 
missing data between samples regarding fatigue, with more responders 
in the previously infected sample than in the non-infected sample (chi2 

(df = 2) = 29.366, p < .001) at both follow-ups. Responders in the non- 
infected sample were younger and more often female. 

Fig. 1. Flowchart of sample recruitment and response. Sample A = non-infected sample, Sample B = previously infected sample.  
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3.3. Longitudinal trajectories of fatigue and associated factors 

At T2, fatigue-scores were higher in the participants after infection 
(M = 21.69, SD = 7.45) as compared to the participants with no infec
tion (M = 20.68, SD = 6.60; t (df = 1116) = − 2.33, p = .02, Cohen’s d =
− 0.15). There were no differences in reported fatigue between these 
groups at T3 (M = 21.81, SD = 7.56 in those who have been infected and 
M = 21.26, SD = 7.02, t (df = 690) = − 0.95, in those who have been not, 
p = .342, Cohen’s d = − 0.08). Women reported more fatigue than men 
at both, T2 and T3 (T2: female M = 22.04, SD = 7.19; male M = 20.01, 
SD = 6.49; t (df = 1163) = − 5.10, p < .001, Cohen’s d = − 0.30; T3: 
female M = 22.59, SD = 7.42 and male M = 20.17, SD = 6.77, t (df =
770) = − 4.71, p < .001, Cohen’s d = − 0.30). Fig. 2 displays categorized 
fatigue severity at both follow-up measurements. Participants who have 
had SARS-CoV-2 infections experienced more severe fatigue at T2 
compared to the control group (chi2 (df = 1) = 12.335, p < .001). 

Fig. 3 shows the course of physical and mental fatigue in both sam
ples over both measurement time points. The samples differ with re
spects to physical fatigue, with those who have been infected reporting 
higher scores as to those non-infected at T2 (M = 12.00, SD = 4.30 vs. M 
= 11.12, SD = 3.70, t (df = 1116) = − 3.50, p < .001, Cohen’s d =
− 0.22). However, there was no difference in physical fatigue at T3 (M =
11.96, SD = 4.35 vs. M = 11.36, SD = 3.86, t (df = 691) = − 1.85, p =
.06, Cohen’s d = − 0.15). Our results show no difference in mental fa
tigue at both time points. At T2, previously infected participants re
ported mental fatigue of M = 9.71, SD = 3.73, the non-infected of M =
9.56, SD = 3.42 (t (df = 1117) = − 0.68, p = .50, Cohen’s d = − 0.04) and 
at T3, the previously infected reported mental fatigue of M = 9.86, SD =
3.78 and the non-infected of M = 9.89, SD = 3.69 (t (df = 693) = 0.113, 
p = .91, Cohen’s d = 0.01). 

3.4. Factors associated with fatigue after six months and one year 

The results of our regression analysis showed that Covid-infection, 
female sex, younger age, higher baseline PHQ-4 and PSQ scores were 
associated with total fatigue at T2, while female sex, higher baseline 
PHQ-4, and PSQ scores were associated with total fatigue at T3 
(Table 2). 

For the fatigue subscales, factors associated with physical fatigue at 
T2 were female sex, Covid-infection, higher baseline PHQ-4 and PSQ 
scores. In addition, female sex, higher baseline PSQ scores were also 

Table 1 
Demographic and clinical characteristics of study participants at baseline (T1, 
May 2020).   

control 
group 

previously 
infected group 

overall p value  

n = 1384 n = 606 n =
1990  

Gender    

chi2 (df = 1) =
0.081, p = .78 

Female, n (%) 713 
(51.5) 

308 (50.8) 1021 
(51.3) 

Male, n (%) 671 
(48.5) 

298 (49.2) 969 
(48.7) 

Age (years) M 
± SD 

48.0 ±
17.4 45.5 ± 15.9 

47.2 ±
17.0 t (df = 1188.8) =

3.004, p = .003 missing, n (%) 6 (0.4) 25 (4.1) 32 (1.6) 

BMI M ± SD 
25.2 ±
4.7 

24.9 ± 4.1 
25.1 ±
4.5 

U = 402,859.50, Z 
= − 0.489, p = .63 

missing, n (%) 20 (1.4) 7 (1.2) 27 (1.4) 
persons in 

housholds M 
± SD 

2.4 ± 1.1 2.6 ± 1.2 
2.5 ±
1.1 

U = 391,569.00, Z 
= − 2.089, p = .04 

missing, n (%) 4 (0.3) 5 (0.8) 9 (0.5) 
smoking    

chi2 (df = 1) =
19.891, p < .001 

yes, n (%) 
222 
(16.0) 

52 (8.6) 
274 
(13,8) 

no, n (%) 1157 
(83.6) 

553 (91.3) 1710 
(85,9) 

missing, n 
(%) 5 (0.4) 1 (0,1) 6 (0,3) 

Chronic disease   

chi2 (df = 1) =
0.924, p = .37 

present, n (%) 
569 
(41.1) 

235 (38.8) 
804 
(40.4) 

absent, n (%) 814 
(58.8) 

370 (61.0) 1184 
(59.5) 

missing, n 
(%) 

1 (0.1) 1 (0.2) 2 (0.1) 

PHQ baseline M 
± SD 2.2 (2.2) 2.3 (2.6) 

2.3 
(2.3) U = 397,509.00, Z 

= − 0.937, p = .35 missing, n (%) 12 (0.9) 11 (1.8) 23 (1.2) 
PSQ baseline M 
± SD 

32.5 
(18.8) 

33.2 (18.8) 32.7 
(18.8) U = 364,618.00, Z 

= − 0.782, p = .43 missing, n (%) 61 (4.4) 42 (6.9) 103 
(5.2) 

Notes. M = Mean, SD = Standard deviation. 

Fig. 2. Categorical fatigue severity in the previously infected and control group at T2 (November 2020) and T3 (July 2021) according to a classification by Hendriks 
et al. [42] * p < .05. 
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associated with physical fatigue at T3. Younger age, higher scores on the 
baseline PHQ-4 and PSQ were found to be associated with mental fa
tigue at T2, as well as higher baseline PHQ-4 and PSQ scores, were found 
to be associated with mental fatigue at T3. For the adjusted models, 
coronary heart disease and respiratory disease were not associated with 
any of the fatigue variables (total, somatic, mental, T2, T3, difference). 
Smoking and mental disorders were associated with most of the out
comes if analyzed separately. Only previous mental disorders were 
associated with the outcomes in the multiple regression models as pre
sented in Table 2. However, results for the covariates did not change 
after inclusion of smoking and mental disease. Results are presented in 
the supplement (Appendix B). 

4. Discussion 

The present study is one of the first controlled population-based 
studies investigating trajectories of fatigue in previously infected as 
compared to non-infected adults during the Covid-19 pandemic. Starting 
shortly after the Covid-19 outbreak in May 2020, we completed follow- 
up analyses with our study sample for more than one year in July 2021 
after the initial data collection. 

While at T2, i.e., six months post-acute infection, the previously 
infected group reported higher total fatigue than the control group, re
ported fatigue scores did not differ between both groups after one year at 
T3. Meanwhile, we found similar scores in mental fatigue in both groups 
during T2 and T3. Covid-infection therefore was associated with total 
and physical fatigue at 6 months-follow-up, but not with mental fatigue 
at any time point. Depression, anxiety or stress at baseline, were asso
ciated with most fatigue trajectory data regarding total, physical and 
mental fatigue. Younger age was associated with total and mental fa
tigue at T2, and female sex was associated with total and physical fatigue 
at T2 and T3. When adjusting for smoking and chronic disease including 
respiratory disease, coronary heart diseases and previous mental disor
ders, it turned out that respiratory disease and coronary heart diseases 
were not associated with any of the fatigue outcomes, while smoking 
and previous mental disorders were associated with most of the out
comes separately. 

Our trajectory data of fatigue within the first year post-acute infec
tion suggests that higher fatigue levels among individuals infected with 
Covid-19 could be present in a period closer to the infection. A recently 
published matched controlled study showed more general tiredness in 
those previously infected than in controls after 90–150 days, which is in 
line with our findings at the first follow-up (T2) [46]. However, our 
findings differ from those of a large Norwegian cohort study, in which 
the increased risk of fatigue was higher in infected than in non-infected 

individuals at 12-months follow-up (T3) [38]. In this study, fatigue was 
measured by only one item [38]. It should be mentioned that total fa
tigue scores increased in both of our samples between T2 and T3. Spe
cifically, the non-infected sample showed a larger increase between T2 
and T3 in physical and total fatigue, while the previously infected 
sample already reported a relatively high total and physical fatigue level 
at T2. This pattern of fatigue development might therefore merely reflect 
general pandemic-related influences on overall well-being and mental 
distress [31–33]. By contrast, non-infected individuals might have 
experienced a more constant increase of fatigue which could be asso
ciated with reactions to recurrent lockdown circumstances and other 
pandemic-related stressors. The tendency for increasing fatigue scores, 
not only in the previously infected but also in the non-infected in
dividuals, has also been reported in studies examining general popula
tion samples without prior infection [34,35,37]. This effect might be 
explained by so-called pandemic fatigue [47], a general tiredness as a 
result of the ongoing pandemic. Our surveys were conducted within the 
first 1.5 years of the pandemic, when people in Germany had to restrict 
themselves, especially in terms of social contacts, travel activities and 
the work environment. Previous studies completed at the beginning of 
the pandemic have shown that these restrictions and lockdowns led to 
higher stress levels [32,48], depressive symptomatology [49] as well as 
generalized anxiety [48] in the general population. When interpreting 
longitudinal development of fatigue in both groups, it is important to 
consider the effect sizes which show that the effect at T3 still reaches 
approximately 2/3 of the effect at T2. 

Taking a closer look at the dimensions of fatigue, previously infected 
individuals reported higher physical fatigue at the first follow-up (T2). 
These results could indicate that physical fatigue represents a larger part 
of the long-Covid syndrome than mental fatigue, at least for a short 
period of time. Our results highlight the need for distinguishing between 
physical and mental fatigue when defining the clinical picture of long- 
Covid. At the same time, the high levels of total and predominantly 
mental fatigue among both previously infected and non-infected in
dividuals suggests that fatigue may be overestimated as the core 
symptom of long-Covid, or at least that this should not exclusively be 
attributed to the post-acute symptoms etiology. 

Younger age was associated with total and mental fatigue at the first 
follow-up in autumn 2020. This age effect is in line with previous data 
on mental health burden in the general population during the pandemic, 
showing a stronger mental health deterioration in young people [34,50]. 
Previous studies have reported that people with younger age experi
enced more depression, anxiety and stress at the beginning of the 
pandemic [51,52]. Female gender, depression and anxiety, as well as 
high perceived stress at baseline were strongly associated with fatigue at 

Fig. 3. Trajectories in physical and mental fatigue in previously infected versus non-infected samples. * p < .05 at T2 for physical fatigue.  
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both follow-ups. These findings are consistent with previous studies 
showing that females [4,23,53], people with higher depression 
[23,53,54] or anxiety, and physically inactive or lonely persons [55] 
were more strongly affected by fatigue. 

Although many studies have found that females report more fatigue, 
it is important to exercise caution when interpreting these results due to 
various factors. These factors include self-report bias, traditional gender 
roles, socialization processes, and the tendency of women to internalize 
and men to externalize distress [56]. 

Covid-infection was associated with total and physical fatigue after 
six months, but not after one year. Overall, evidence from the pattern of 
factors associated with fatigue suggests that, in addition to previous 
Covid-infection, perceived stress and psychological distress may play an 
important role in predicting the long-term course of fatigue. Presumably 
those individuals with a higher vulnerability to mental health issues at 
the beginning of the pandemic (i.e., higher perceived stress, depression, 
anxiety) were more strongly affected by fatigue during the course of the 
pandemic, compared to people without mental health issues. This is also 
supported by results from our regression models when adjusting for 
previous mental disorders. 

4.1. Strengths and limitations 

The major strength of this study is that we conducted a population- 
based study including Covid infected and non-infected individuals 
from the same population. We rely on widely used and validated self- 
report instruments. The first assessment was completed early on in the 
pandemic, allowing us to conduct a longitudinal design with a one-year 
follow-up following a Covid-infection. Moreover, we used the fatigue 
assessment scale as an instrument assessing physical and mental com
ponents of fatigue. A recent review supports the applicability of the FAS 
with good psychometric properties in a range of different conditions and 
populations [42]. However, the thresholds used were originally derived 
from a study population with sarcoidosis [57]. This is a chronic disease 
that can affect patients undergoing immunosuppressive treatment. 
Therefore, the classification should be interpreted with caution for the 
present population. Furthermore, it should be noted that the FAS has not 
yet been validated in the German population. 

Several limitations should nevertheless be noted. We had an attrition 
rate of appr. 65% at T3 assessment. The dropout should be considered 
when interpreting T3 data. We were unable to assess baseline fatigue 
values at the beginning of our study, as fatigue was only identified as a 
potentially relevant long-term symptom of Covid-infections later in the 
pandemic. However, fatigue might have been associated with baseline 
mental health symptoms. [58]. Furthermore, we did not assess cognitive 
function in our survey. However, cognitive impairment is a commonly 
reported symptom after COVID and is associated with mental health 
symptoms [58,59]. Our study was conducted with the prevailing SARS- 
CoV-2 variant Alpha. The impact of infection with other variants on 
fatigue might differ from these findings. We were unable to obtain data 
related to the period of time before the pandemic. Therefore, we have no 
information on pre-Covid fatigue values. We have assessed a history of 
mental health disorder in the sample, however, as a broad category, and 
therefore cannot report on specific diagnoses. Our study included sub
jects from a large city in southern Germany, these results might not be 
generalizable to other locations, and especially rural areas. We had a 
small number of reported infections between T1 and T3 in sample A. 
This might partly be due to self-selection of sample A participants, 
resulting infected people not taking part in the follow-up assessments as 
the study invitation explicitly outlined that we were looking for non- 
infected controls. 

Conclusion 

Our findings suggest that psychological stress at the onset of the 
pandemic is more strongly associated with fatigue than the infection Ta

bl
e 

2 
Li

ne
ar

 R
eg

re
ss

io
n 

A
na

ly
si

s.
   

Sa
m

pl
e 

G
en

de
r 

(f
em

al
e)

 
A

ge
 (

in
 y

ea
rs

) 
PH

Q
-4

 b
as

el
in

e 
PS

Q
 b

as
el

in
e 

 

(p
re

vi
ou

sl
y 

in
fe

ct
ed

)  

B 
95

%
 C

I 
p-

va
lu

e 
B 

95
%

 C
I 

p-
va

lu
e 

B 
95

%
 C

I 
p-

va
lu

e 
B 

95
%

 C
I 

p-
va

lu
e 

B 
95

%
 C

I 
p-

va
lu

e 
R 

Sq
ua

re
 

To
ta

l f
at

ig
ue

 
FA

S 
T2

 
1.

04
 

1.
00

6;
 1

.0
66

 
0.

00
3 

0.
91

 
0.

88
1;

 0
.9

38
 

0.
00

6 
−

0.
03

 
−

0.
03

4;
 −

0.
03

2 
0.

00
2 

1.
06

 
1.

05
0;

 1
.0

67
 

0 
0.

12
 

0.
11

5;
 0

.1
17

 
0 

0.
42

 
FA

S 
T3

 
0.

23
 

0.
20

1;
 0

.2
60

 
0.

52
 

1.
05

 
1.

02
2;

 1
.1

08
 

0.
00

2 
−

0.
01

 
−

0.
01

5;
 −

0.
01

3 
0.

21
 

0.
36

 
0.

35
4;

 0
.3

71
 

<
0.

00
1 

0.
08

 
0.

07
6;

 0
.0

78
 

<
0.

00
1 

0.
16

5 
di

ffe
re

nc
e 

−
0.

81
 

−
0.

83
8;

 −
0.

77
2 

0.
04

 
0.

14
 

0.
10

9;
 0

.1
73

 
0.

71
 

0.
02

 
0.

01
8;

 0
.0

20
 

0.
12

 
−

0.
7 

−
0.

70
6;

 −
0.

68
6 

<
0.

00
1 

−
0.

04
 

−
0.

04
0;

 −
0.

03
8 

0.
00

7 
0.

13
1 

 

Ph
ys

ic
al

 fa
ti

gu
e 

FA
S 

ph
ys

ic
al

 T
2 

0.
91

 
0.

88
8;

 0
.9

23
 

<
0.

00
1 

0.
86

 
0.

86
8;

 0
.9

02
 

<
0.

00
1 

−
0.

01
 

−
0.

00
6;

 −
0.

00
5 

0.
37

 
0.

42
 

0.
41

2;
 0

.4
22

 
<

0.
00

1 
0.

08
 

0.
07

9;
 0

.0
80

 
0 

0.
38

2 
FA

S 
ph

ys
ic

al
 T

3 
0.

34
 

0.
32

4;
 0

.3
59

 
0.

12
 

0.
76

 
0.

74
6;

 0
.7

79
 

<
0.

00
1 

0 
0.

00
1;

 0
.0

02
 

0.
8 

0.
1 

0.
09

7;
 0

.1
08

 
0.

12
 

0.
05

 
0.

04
9;

 0
.0

50
 

<
0.

00
1 

0.
13

9 
di

ffe
re

nc
e 

−
0.

56
 

−
0.

58
4;

 −
0.

54
4 

0.
02

 
−

0.
12

 
−

0.
14

2;
 −

0.
10

4 
0.

6 
0.

01
 

0.
00

7;
 0

.0
08

 
0.

33
3 

−
0.

31
 

−
0.

32
0;

 −
0.

30
8 

<
0.

00
1 

−
0.

03
 

−
0.

03
0;

 −
0.

02
9 

<
0.

00
1 

0.
11

1 
 

M
en

ta
l f

at
ig

ue
 

FA
S 

m
en

ta
l T

2 
0.

13
 

0.
11

4;
 0

.1
46

 
0.

48
 

0.
03

 
0.

00
9;

 0
.0

40
 

0.
89

 
−

0.
03

 
−

0.
02

8;
 −

0.
02

7 
<

0.
00

1 
0.

64
 

0.
63

7;
 0

.6
47

 
0 

0.
04

 
0.

03
6;

 0
.0

37
 

<
0.

00
1 

0.
36

1 
FA

S 
m

en
ta

l T
3 

−
0.

11
 

−
0.

13
0;

 −
0.

09
2 

0.
67

 
0.

29
 

0.
27

0;
 0

.3
07

 
0.

25
 

−
0.

02
 

−
0.

01
6;

 −
0.

01
5 

0.
06

 
0.

26
 

0.
25

4;
 0

.2
65

 
<

0.
00

1 
0.

03
 

0.
02

7;
 0

.0
28

 
0.

00
3 

0.
10

2 
di

ffe
re

nc
e 

−
0.

24
 

−
0.

26
2;

 0
.2

20
 

0.
38

 
0.

26
 

0.
24

4;
 0

.2
84

 
0.

32
 

0.
01

 
0.

01
1;

 0
.0

13
 

0.
16

 
−

0.
38

 
−

0.
38

8;
 −

0.
37

6 
<

0.
00

1 
−

0.
01

 
−

0.
01

0;
 −

0.
00

9 
0.

35
 

0.
07

6 

N
ot

es
. B

 =
un

st
an

da
rd

iz
ed

 r
eg

re
ss

io
n 

co
ef

fic
ie

nt
, F

A
S 
=

Fa
tig

ue
 A

ss
es

sm
en

t S
ca

le
, P

H
Q

-4
 =

Pa
tie

nt
 H

ea
lth

 Q
ue

st
io

nn
ai

re
-4

, P
SQ

 =
Pe

rc
ei

ve
d 

St
re

ss
 Q

ue
st

io
nn

ai
re

, T
2:

 N
ov

em
be

r 
20

20
, T

3:
 J

ul
y 

20
21

. 

M. Schurr et al.                                                                                                                                                                                                                                 



Journal of Psychosomatic Research 178 (2024) 111598

7

itself, and that individuals one year after Covid-infection have fatigue 
levels comparable to non-infected controls. Furthermore, differentiating 
between physical and mental fatigue within the post-Covid context 
could aid in the clarification of long-term Covid syndrome. The present 
results suggest that treatment of mental health problems (e.g. depres
sion, anxiety, stress) may be important treatment targets for people 
suffering from fatigue and post-Covid. 
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