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ARTICLE INFO ABSTRACT

Keywords: Fatigue is one of the most commonly reported symptoms in the context of the post-COVID-19 syndrome. Notably,
COVID-19 fatigue is characterised by overlapping physical and psychopathological symptoms, and questions about its
SAI'{S'COVQ trajectory over time and possible predictors remained unanswered. Thus, in the present study we aim to
FDi:f:sesion investigate the prevalence, the course over time, and the risk factors of post-COVID fatigue.

We included 495 patients recovered from COVID-19. For all of them we collected one month demographic,
clinical and psychopathological characteristics. We evaluated fatigue severity at one, three, six, and twelve-
months according to Fatigue Severity Scale (FSS). We explored the potential predictor of long-term post-
COVID fatigue (six or twelve months FSS) by implementing 5000 non-parametric bootstraps enhanced elastic net
penalised regression.

We found that 22%, 27%, 30%, and 34% of patients self-rated fatigue symptoms in the pathological range at
one, three, six, and twelve months respectively. We detected a worsening of fatigue symptomatology over time.
From the elastic net regression results, only depressive symptomatology at one month (ZSDS and BDI-13) pre-
dicted the presence of post-COVID-19 long-term fatigue. No other clinical or demographic variable was found to
predict post-COVID fatigue.

We suggest that, rather independent of COVID-19 severity, depression after COVID-19 is associated with
persistent fatigue. Clarifying mechanisms and risk factors of post-COVID fatigue will allow to identify the target
population and to tailor specific treatment and rehabilitation interventions to foster recovery.

Post-COVID syndrome

Contributors

MGM conceived the study. MGM, MP, RDL, PRQ and FB contributed
to the inclusion of patients and acquisition of the data. MGM designed
the analysis. MGM and GV carried out the analysis and interpreted the
data, with contributions from MP, RDL, and FB. MGM and GV wrote the
initial draft of the manuscript. All authors contributed to the final
version, gave final approval of the version to be published and agreed to
be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved.

1. Introduction

In December 2021, the global confirmed case count of Coronavirus
Disease (2019) (COVID-19) surpassed 275 million, and the actual case
positive rate is estimated to be much higher than the number of diag-
nosed cases (Havers et al., 2020; Wu et al., 2020a).

More than 30% of individuals affected by COVID-19, who were both
symptomatic and asymptomatic during the acute phase of COVID-19,
have experienced persistent symptoms after recovering (Huang et al.,
2021a; Tenforde et al., 2020). This phenomenon has been termed
Post-Acute Sequelae of COVID-19 (PASC) which refers to long-lasting
symptoms following severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection. PASC is now recognized by the National Insti-
tute for Health and Care Excellence (NICE) (Venkatesan, 2021), the
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Centers for Disease Control and Prevention (CDC) (Centers for Disease
Control and Prevention, 2022), and the World Health Organization
(WHO) (World Health Organization, 2021) even if a clear and shared
definition of this condition is still not established. Fatigue, depression,
and cognitive impairment, along with other enduring neuropsychiatric
and physical manifestations, comprise PACS (Nalbandian et al., 2021).

Fatigue has been consistently reported as one of the most common
and debilitating features of the post-COVID-19 syndrome affecting one
in three COVID-19 survivors (Ceban et al., 2021; Davis et al., 2021;
Marshall, 2020). Post-COVID fatigue was defined as a persistent feeling
of physical and mental tiredness characterised by lack of energy,
weakness, slowed reactions, and drowsiness. Interestingly, it was not
affected by acute COVID severity and persisted over six months after
SARS-CoV-2 infection (Ceban et al., 2021). Frequently reported risk
factors of post-COVID fatigue included female sex, older age, and
pre-existing comorbidities (Ceban et al., 2021). Moreover, the acute
COVID-19 severity and the related intensity of care were also associated
with increasing risk of post-COVID fatigue respectively from asymp-
tomatic patients, to hospitalized patients, and finally in patients
admitted in intensive care unit (ICU) (Al-Aly et al., 2021). Similar
incidence rates of fatigue have been reported in consequence of previous
coronavirus epidemics, including SARS and MERS (Rogers et al., 2020).

Even depressive symptomatology is now recognized as one of the
main enduring symptoms of the PCS. The frequency of depressive
symptoms at different follow-ups after COVID-19 ranges from 20 to
40%, with females and patients with a preexisting psychiatric disorder at
higher risk of presenting post-COVID fatigue. Post-COVID depression
shares psychopathological brain imaging correlates (Benedetti et al.,
2021b) and negative thinking styles (Palladini et al., 2021) as core
features observed in major depression, and affects fatigue syndrome
(Al-Jassas et al., 2022), neurocognitive functioning (Gouraud et al.,
2021; Poletti et al., 2021), and quality of life (Babicki et al., 2021; Poletti
et al., 2021) in PCS.

Persistent post-COVID symptoms could play a detrimental role on
COVID-19 survivors in a self-reinforcing circle of depressive psychopa-
thology, fatigue, and reduction in global functioning. In this context, a
bidirectional association between depression and fatigue has been
largely demonstrated. Thus, questions about the prevalence and longi-
tudinal course of post-COVID fatigue as well as the possible effects of
depression on fatigue and COVID-19 clinical severity on both remained
unanswered. In this context, we aim to i) investigate the prevalence of
fatigue and its trajectory over time and ii) to predict long-term fatigue
symptoms (at six or twelve months) in COVID-19 survivors based on
baseline clinical and psychopathological predictors through a machine
learning approach.

2. Experimental procedure
2.1. Sample and study design

We included 495 COVID-19 survivors recruited between 6 April
2020 and 28 February 2021 in the ongoing COVID-BioB study at IRCCS
San Raffaele Hospital in Milan.

Patients were included if they were hospitalized for clinical and
radiological findings suggestive of COVID-19 pneumonia and if SARS-
CoV-2 infection was confirmed by positive real-time reverse-transcrip-
tase polymerase chain reaction (RT-PCR). Exclusion criteria were
limited to patients under 18 years and difficulty fully understanding self-
report questionnaires due to linguistic barrier or intellectual disability.

After inclusion in the study, depressive psychopathology and clinical
variables were collected for all patients at the one-month follow-up.
Fatigue symptomatology was collected at six and twelve-month follow-
up for patients recruited during the first COVID-19 wave (6 April to 9
June 2020); and at one, three, and six-month follow-up for patients
recruited during the second COVID-19 wave (1 September 2020 to 28
February 2021). The two COVID-19 waves only differed for the rate of
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positive psychiatric history (Supplementary eTable 1).

Globally we included 495 hospitalized COVID-19 survivors (males
326, mean age 57.6 + 11.5) that underwent a psychopathological
evaluation at one month and were evaluated for fatigue symptom-
atology at least at one follow-up time point. In detail, i) 265, 120, 188,
and 158 patients were evaluated at one, three, six, and twelve-month
(some patients with more than one evaluation of fatigue over time)
and were used to estimate the fatigue prevalence; ii) 149, 43, 145, and
158 independent evaluation of fatigue (only the longer follow-up was
considered for patients assessed more than one time) were available at
different time points and were included in the one-way ANOVA to
compare fatigue symptoms in the independent four time point groups;
iii) 42 patients from the first COVID-19 wave had a longitudinal eval-
uation of fatigue at six and twelve months and 70 patients from the
second COVID-19 wave were longitudinally evaluated at one, three, and
six-month and were included in the repeated measure ANOVA to eval-
uate the longitudinal course of symptomatology; iv) finally, 300 patients
were assessed both for depression (ZSDS and BDI) at one month and
fatigue (FSS) at six or twelve months and were included in the elastic net
normal regression for the predictive analysis. The detail of patients se-
lection is available in Fig. 1.

After a complete description and disclosure of the study to the par-
ticipants, written informed consent was obtained. The study was
approved by the Ethics Committee of San Raffaele Hospital (COVID-BioB
protocol NCT04318366) in accordance with the principles in the
Declaration of Helsinki.

2.2. Clinical and psychopathological assessment

At one, three, and six-month follow-up, evaluation was performed in
an outpatient setting by trained psychiatrists in charge using an un-
structured psychiatric interview and validated self-report question-
naires. At twelve-month follow-up, data were collected using encrypted
hyperlinks to an online platform.

Fatigue at one, three, six and twelve-month was assessed using the
Fatigue Severity Scale (FSS). FSS questionnaire includes nine statements
aiming at exploring the severity of fatigue symptoms by asking subjects
to choose for each item the number from 1 to 7 which best applied to
him/her. FSS was originally conceived to differentiate depression from
fatigue, and it proves advantageous to assess fatigue in the aftermath of
COVID-19 (Mazza et al., 2021a; Ortelli et al., 2021). We employed the
standard cut-off (FSS mean score > 4) to determine clinically significant
levels of fatigue (Krupp et al., 1989). Zung Self-Rating Depression Scale
(ZSDS) and Beck Depression Inventory-13 (BDI-13) were used to assess
depressive psychopathology. The ZSDS consists of a 20-item scale
assessing the full spectrum of depressive symptoms) (Zung, 1967). The
commonly accepted cut-off to define depression’s clinical relevance was
used (ZSDS index > 50). The BDI-13 is a self-report questionnaire with
13 items, and each item is rated on a 4-point scale from 0 to 3. BDI-13
was designed to measure the depressive symptoms of an individual
during the past two weeks (Beck et al., 1961). The commonly accepted
cut-off (BDI sum score > 9) was implemented to identify participants
who fell in the pathological range. Both the ZSDS and the BDI-13 have
mainly been employed in several studies investigating COVID-19 trig-
gered depression, with the first scale associated with higher prevalence
due to its ability to detect even mild depression (Deng et al., 2021).

For all patients, we collected: age, sex, education, ethnicity, body
mass index, previous psychiatric history, preexisting treatment with
antidepressants, medical comorbidities (e.g. hypertension, coronary
artery disease, diabetes mellitus, Chronic obstructive pulmonary dis-
ease, renal insufficiency, neoplasm), COVID-19 wave, duration of hos-
pitalization, the need for non-invasive ventilation (NIV), and need of
ICU admission, oxygen saturation level (SpO2) at one month, treatment
with a cytokine blocking agent.
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Fig. 1. Patient selection flowchart.

2.3. Data analysis

Descriptive statistical analyses to compare means and frequencies
between patients showing or not post-COVID fatigue (corrected FSS
score > 4) at one, three, six or twelve-month follow-up were performed
and prevalence of fatigue was calculated at the different time-points.
Levels of significance were corrected for multiple comparisons with
the method of the adaptive linear step-up procedures that control the
FDR, and g-values (FDR-adjusted p-value) were considered.

Then, we investigated the change of fatigue symptoms over time.
Considering that, patients evaluated at the different time points partially
overlapped, and longitudinal evaluation was available only in small
subgroup, we performed two different sets of analyses. First, we inves-
tigated whether fatigue symptoms differed between subjects evaluated
at one, three, six, and twelve-month follow-up considering different time
points as independent groups. Only the longer follow-up was considered
in the analysis for patients assessed more than one time. One-way ana-
lyses of variance (ANOVA) was performed to compare fatigue symptoms
in the independent four groups (one, three, six, and twelve-month follow
up). Second, to investigate fatigue changes over time, we performed a
repeated measure ANOVA only in the subgroup of patients with a lon-
gitudinal evaluation of FSS from the first and second COVID-19 wave.
Bonferroni post hoc test has been performed to investigate differences
between groups.

Finally, we tested the predictive effect of sociodemographic factors,
clinical variable, acute COVID-19 severity, and one-month depressive
symptoms (BDI-13 and ZSDS index mean score) in affecting post-COVID
long-term fatigue (FSS corrected score). To fully test the predictive role
of depression we performed the following sensitivity analyses: i) sensi-
tivity analysis leaving out the item related to fatigue from the ZSDS and
BDI-13 (item 10 for ZSDS and item 12 for the BDI-13) to reduce the risk
of incorporation bias, ii) sensitivity analysis using binary values of ZSDS
and BDI-13 according to conventional cut-off, iii) sensitivity analysis
based on to the presence of depression according to at least ZSDS
index>50 or BDI-13 > 9, iv) sensitivity analysis based on to the presence
of depression according both to ZSDS index>50 and BDI-13 > 9. In order
to predict long-term post-COVID fatigue, we grouped patients with FSS
at six or twelve months; for patients assessed at both time points, only
the twelve-month follow-up was considered in the analysis. First, we

114

explored the effect of each predictor in affecting post-COVID long-term
fatigue by implementing 5000 non-parametric bootstraps enhanced
elastic net penalised normal regression. Before performing the analyses,
all the data were normalised (i.e. min-max normalisation). The applied
regularisations (L1 and L2 penalties) force a shrinkage of the co-
efficients, which can also be estimated to zero. This reduces overfitting
and eliminates irrelevant or redundant variables, increasing model
interpretability and dealing with multicollinearity induced by highly
correlated variables. We optimised the model’s A hyperparameter in the
inner loop, which defines the regularisation weight to minimise ex-
pected deviance. The a hyperparameter was set to 0.5, performing a
pure elastic net model. We implemented a non-parametric bootstrap
procedure (5000 resamples with replacement) in order to provide esti-
mates of coefficients, related 95% confidence intervals, and variable
inclusion probability (VIP), which was the main outcome of the analysis
(Bunea et al., 2011). VIP provides a measure of the stability of co-
efficients as an estimate of the probability of the predictors to be
included in the model. We applied a relative conservative threshold of
85% to VIP (Abram et al., 2016) in order to identify predictors that
enable to discriminate the post-COVID presence of fatigue. In a second
confirmatory step, we modelled the effect of predictors, surviving the
VIP threshold, on long-lasting post-COVID-fatigue (FSS correct score at
six or twelve months) in the context of the General Linear Model also
considering the effect of age and sex as nuisance covariates.

3. Results
3.1. Prevalence of fatigue

At one, three, six, and twelve-month, respectively, 22% (59 out of
265 patients), 27% (32 out of 120 patients), 30% (56 out of 188 pa-
tients), and 34% (54 out of 158 patients) of patients self-rated fatigue
symptoms in the pathological range (Table 1).

Depressive symptoms (ZSDS and BDI-13), female sex, and preexist-
ing antidepressant treatment were consistently associated with the
presence of fatigue at different time points after the correction for
multiple comparisons (Table 1). The severity of acute COVID-19
(duration of hospitalization, need of NIV, and ICU admission) was not
associated with the presence of fatigue as well as the presence of organic
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Table 1
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Complete description of the sample baseline characteristics according to the presence of post-COVID fatigue at one, three, six, and twelve follow-up months. Levels of
significance of the observed differences (Student’s t-test and Chi-square) are reported both as p and g-value (false discovery rate corrected p-value). Patients self-rated
their symptoms on the Beck’s Depression Inventory (BDI) and Zung Self-rating Depression Scale (ZSDS).

One month follow-up (n = 265)

Three months follow-up (n = 120)

FSS<4 (n = FSS>4(n= tory®> p- q- FSS<4 (n= FSS>4(n= tory> p- q-
206) 59) value value 88) 32) value value
Age 56.786 + 56.881 + —0.06 0.952 0.952 57.432 + 58.031 + -0.29 0.772 0.966
10.981 9.624 10.067 9.823
Duration of hospitalization 11.762 + 13.559 + —2.003  0.046 0.087 12.705 + 14.156 + -1.011  0.314 0.524
5.753 7.101 6.754 7.505
Oxygen saturation level at one month  97.534 + 97.661 + —0.808  0.420 0.700 97.602 + 97.594 + 0.043 0.966 0.966
follow-up 1.103 0.921 0.953 1.012
Body mass index 27.915 + 27.785 + 0.172 0.864 0.928 28.078 + 27.245 + 0.791 0.431 0.728
4.916 5.748 4.813 5.853
Year of education 12.893 + 12.678 + 0.368 0.713 0.823 12.534 + 12.375 + 0.196 0.845 0.966
4.027 3.739 4.065 3.499
BDI-13 at one month follow-up 2.524 + 6.542 + -6.577  <0.001 <0.001  3.102 + 6.188 + -3.65 <0.001 0.002
3.606 5.627 3.595 5.251
ZSDS index at one month follow-up 40.051 + 50.216 + —-6.302  <0.001 <0.001 41.307 £ 51.523 + —4.837  <0.001 <0.001
10.873 11.103 10.387 9.779
Males (Females) 139 (67) 30 (29) 5,489 0.019 0.041 69 (19) 15(17) 11,112 0.001 0.003
Treated with cytokine blocking agents 42 (164) 10 (49) 0.344 0.558 0.760 20 (68) 3(29) 2,700 0.100 0.188
Yes (No)
Positive psychiatric history Yes (No) 19 (187) 18 (41) 17,298 <0.001 <0.001 11 (77) 8 (24) 2,751 0.097 0.188
Under conventional antidepressant 12 (194) 18 (41) 27,834 <0.001 <0.001 5(83) 7 (25) 6,837 0.008 0.020
treatment Yes (No)
Intensive care unit for acute COVID-19 16 (190) 3 (56) 0.496 0.481 0.722 12 (76) 4(28) 0.026 0.871 0.966
Yes (No)
Non invasive ventilation for acute 44 (162) 13 (46) 0.012 0.911 0.952 26 (62) 8(24) 0.239 0.625 0.938
COVID-19 Yes (No)
Presence of organic comorbidity Yes 90 (116) 28 (31) 0.264 0.608 0.760 43 (45) 16 (16) 0.012 0.912 0.966
(No)
BDI-13 > 9 Yes (No) 11 (195) 18 (41) 29,812 <0.001 <0.001 6(82) 8 (24) 7,528 0.006 0.018
ZSDS index > 50 Yes (No) 38 (168) 28 (31) 20,639 <0.001 <0.001 16 (72) 19 (13) 19,274 <0.001 <0.001
Six months follow-up (n = 188) Twelve months follow-up (n = 158)
FSS<4 (n = FS$>4(n=  tory> p- q- FSS<4 (n = FS$>4(n=  tory> p- q-
132) 56) value value 104) 54) value value
Age 58.659 + 59.75 + -0.612  0.542 0.542 58.856 + 57.352 + 0.722 0.471 0.544
10.943 11.743 12.263 12.706
Duration of hospitalization 16.644 + 14.482 + 1.182 0.239 0.358 13.269 + 10.426 + 1.448 0.150 0.250
12.303 9.169 12.425 10.177
Oxygen saturation level at one month 97.75 + 97.536 + 1.257 0.210 0.351 97.798 + 97.833 + —0.19 0.849 0.849
follow-up 1.115 0.953 1.056 1.194
Body mass index 27.831 + 28.848 + -1.339  0.182 0.297 27.42 + 28.438 + -1.261  0.209 0.301
4.252 5.803 4.403 5.518
Year of education 12.652 + 12.107 + 0.956 0.341 0.393 12.904 + 13.481 + —0.839  0.403 0.544
3.404 3.944 4.018 4.264
BDI-13 at one month follow-up 2.659 + 5.196 + 4.27  —4.447  <0.001 0.023 2.404 + 4.593 + -3.412  0.001 0.012
3.243 2.858 5.214
ZSDS index at one month follow-up 41.723 + 49.549 + —4.76 <0.001 0.004 42.163 + 46.653 + —2.36 0.019 0.058
9.471 12.075 9.285 14.524
Males (Females) 99 (33) 28 (28) 11,211 0.008 0.023 79 (25) 29 (25) 8,141 0.004 0.019
Treated with cytokine blocking agents 35(97) 11 (45) 1,005 0.316 0.393 24 (80) 4 (49) 4,529 0.033 0.069
Yes (No)
Positive psychiatric history Yes (No) 24 (108) 16 (40) 2,534 0.111 0.238 23 (81) 21 (33) 4,977 0.026 0.065
Under conventional antidepressant 12 (120) 13 (43) 6,803 0.009 0.023 7 (97) 13 (41) 9,670 0.002 0.015
treatment Yes (No)
Intensive care unit for acute COVID-19 15 (117) 4 (52) 0.771 0.379 0.406 4 (100) 4 (50) 0.938 0.333 0.500
Yes (No)
Non invasive ventilation for acute 45 (87) 15 (41) 0.966 0.326 0.393 25 (79) 11 (43) 0.272 0.602 0.645
COVID-19 Yes (No)
Presence of organic comorbidity Yes 55 (77) 30 (26) 2,249 0.134 0.251 47 (57) 21 (33) 0.576 0.448 0.544
(No)
BDI-13 > 9 Yes (No) 9 (123) 11 (45) 6,803 0.009 <0.001 7 (97) 12 (42) 8,063 0.005 0.019
ZSDS index > 50 Yes (No) 27 (105) 25 (31) 11,497 0.001 <0.001 24 (80) 21 (33) 4,363 0.037 0.069

comorbidity. No other clinical and demographical variable was consis-
tently associated with the presence of fatigue. The full description of the
sample at different time points, according to the presence of fatigue, is
summarised in Table 1.

3.2. Change of fatigue symptoms over time

The one-way ANOVA comparing FSS mean scores between different
follow-ups found increased fatigue severity over time (F = 5.741, p <
0.001). Bonferroni post-hoc analysis revealed a significant statistical
difference between one-month FSS vs twelve-month FSS (p = 0.001),
and three-month FSS vs twelve-month FSS (p = 0.041) (Fig. 2).
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Fig. 2. Differences in Fatigue Severity Scale (FSS) mean score at one, three, six,
and twelve-month follow-up considering different time points as independent
groups. One-way analyses of variance and Bonferroni post hoc test revealed
significant statistical differences between groups. * indicates p < 0.05.

Considering the two longitudinal cohorts, we consistently found a
significant increasing trend in fatigue symptoms. Repeated measure
ANOVA showed a significant increase in FSS means over time in the
subgroup of 42 patients from the first COVID-19 wave with a longitu-
dinal evaluation at six and twelve months (six-month FSS 2.624 +
1.461, twelve-months FSS 3.216 + 1.625, F = 11.425, p = 0.001). As
well, a statistical trend suggesting FSS increase over time was found in
the subgroup of 70 patients from the second COVID-19 wave longitu-
dinally evaluated at one, three, and six-month (one-month FSS 3.011 +
1.578, three-month FSS 3.089 =+ 1.599, six-month FSS 3.330 + 1.659, F
= 2.399, p = 0.094). Bonferroni post-hoc test revealed no statistical
difference between groups (Fig. 3).

3.3. Prediction of long-lasting fatigue symptoms

When entering demographical, clinical, and psychopathological
predictors in the elastic net penalised normal regression, we found that
only depressive symptomatology at one month (according to ZSDS and
BDI-13 mean score) significantly predicted the presence of post-COVID-
19 long-term fatigue (Table 2). No other clinical or demographic vari-
able was found to predict post-COVID fatigue. The sensitivities analyses
consistently confirmed the predictive role of depressive psychopathol-
ogy at one month in predicting long-term fatigue (Supplementary eTa-
ble 2). Second-step GLM regression analyses confirmed these findings
showing a central role of depressive psychopathology in affecting post-
COVID fatigue higher BDI-13 scores (b = 0.222, F = 24.755, p < 0.001)
and higher ZSDS index scores (b = 0.288, F = 22.101, p < 0.001) pre-
dicted increased long-term fatigue severity.

4. Discussion

Post-COVID fatigue has been reported to be one of the major com-
plaints during the acute COVID-19 disease as well as in the post-COVID
syndrome. The present findings i) confirm a high prevalence of fatigue at
short, medium, and long-term follow-up after SARS-CoV-2 infection, ii)
highlight a potential worsening of fatigue symptomatology over time,
iii) support a predictive role of acute depressive symptomatology in
inducing long term post-COVID fatigue.

A recent meta-analysis including 68 original studies revealed that
32% of the patients (n = 25,268) experienced fatigue twelve or more
weeks following recovery from SARS-CoV-2 infection (Ceban et al.,
2021). Interestingly, the meta-analysis also showed that fatigue, in
contrast to other persistent symptoms which may be self-limiting (e.g.,
anosmia, ageusia, sleep disorders), appeared to persist and to potentially
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Fig. 3. Longitudinal changes of Fatigue Severity Scale (FSS) mean score over
time at one, three, and six months during the second wave (upper), and at six
and twelve during the first wave (bottom). The repeated measure analyses of
variance (ANOVA) showed significant increasing FSS score from six to twelve
months and a trend of significant increasing FSS score over one, three, and six
months. * indicates p < 0.05.

worsen over time, as evidenced by subgroup analysis reporting similar
proportions of affected individuals at <6 and > 6 months follow-up
(Ceban et al., 2021). Sparse single studies investigating the longitudi-
nal course of post-COVID fatigue reported inconsistent results. Huang
et al. found a decreasing trend from six to twelve-month follow-up
(Huang et al., 2021b). On the contrary, Augustin et al. reported an
increasing prevalence of fatigue from four to seven months after
COVID-19 (Augustin et al., 2021), and Abdelrahman et al. reported
persistent fatigue in 37% of patients during a ten-month longitudinal
follow-up (Abdelrahman et al., 2021). Consistently with this back-
ground, we found persistent fatigue symptoms over twelve months
evaluation with prevalence ranging from 22% at one month to 34% at
twelve months. Interestingly, both the statistical model used to test the
trajectory of fatigue revealed a significant worsening of severity over
time. Considering that chronic fatigue negatively impacts daily and on
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Table 2
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Description of the sample used for the predictive analysis and coefficients estimate for elastic net regression predicting the presence of fatigue at 6 or 12 months follow-
up (Fatigue Severity Scale corrected mean score). Levels of significance of the observed differences (Student’s t-test and Chi-square) is reported both as p and g-value
(false discovery rate corrected p-value). Patients self-rated their symptoms on the Beck’s Depression Inventory (BDI); Zung Self-rating Depression Scale (ZSDS). Bold

represents q < 0.05 and variable inclusion probability >85%.

Predictors Descriptive statistics Elastic net coefficients
Total (n Absence of Presence of t or ¢ p-value  g-value Coefficient ~ Standard 95% 95% Variable
= 300) long-term long-term deviation Lower CI Upper inclusion
fatigue (n = fatigue (n = CI probability
199) 101)
Intercept 0.2748 0.0782 0.1215 0.4281 100.0
BDI-13 mean score at  3.267 + 2.533 + 4.713 + 4.64 —4.854 <0.001 <0.001 0.2010 0.1175 —0.0292 0.4312 94.1
one month follow- 3.813 3.078
up
ZSDS index mean 43.959 41.866 + 48.084 + —4.723  <0.001 <0.001 0.1659 0.1065 —0.0430 0.3747 92.0
score at one month  + 9.467 12.985
follow-up 11.154
Males Yes (%) 201 148 (74%) 53 (52%) 14.528 0.001 0.002 —0.0340 0.0296 —0.0921 0.0240 81.1
(67%)
Under conventional 37 15 (8%) 22 (22%) 12.573 <0.001  0.002 0.0488 0.0439 —0.0371 0.1348 80.3
antidepressant (12%)
treatment Yes (%)
Positive psychiatric 71 38 (19%) 33 (33%) 6.836 0.009 0.017 0.0307 0.0310 —0.0300 0.0914 73.1
history Yes (%) (24%)
Body mass index 27.953 27.604 + 28.641 + -1.731  0.084 0.156 0.0929 0.0947 —-0.0927 0.2786 70.9
+ 4.918 4.401 5.767
Presence of organic 136 90 (45%) 46 (46%) 0.002 0.958 0.958 0.0506 0.0571 —0.0614 0.1626 67.8
comorbidity Yes (45%)
(%)
Treated with 59 45 (23%) 14 (14%) 3.247 0.072 0.123 —0.0211 0.0276 —0.0753 0.0331 61.8
cytokine blocking (20%)
agents Yes (%)
Duration of 13.523 14.271 + 12.05 + 1.624 0.105 0.164 —0.0405 0.0614 —0.1609 0.0798 52.6
hospitalization +11.23 12.074 9.225
Oxygen saturation 97.697 97.704 + 97.683 + 0.152 0.879 0.958 —0.0280 0.0545 —0.1348 0.0788 49.9
level at one month +1.093 1.095 1.095
follow-up
COVID-19 first wave 93 57 (29%) 36 (36%) 1.534 0.251 0.354 0.0070 0.0195 —0.0313 0.0453 45.8
Yes (%) (31%)
Hospitalized for 266 177 (89%) 89 (88%) 0.45 0.831 0.95 —0.0130 0.0312 —0.0743 0.0482 45.3
acute COVID-19Yes  (89%)
(%)
Caucasian Yes (%) 280 189 (95%) 91 (90%) 2.559 0.109 0.164 —0.0031 0.0356 —0.0729 0.0667 42.3
(93%)
Intensive care unit 24 (8%) 18 (9%) 6 (6%) 0.877 0.349 0.465 —0.0075 0.0318 —0.0698 0.0549 42.0
for acute COVID-19
Yes (%)
Year of education 12.77 + 12.839 + 12.634 + 0.433 0.665 0.798 0.0016 0.0387 —0.0742 0.0773 40.7
3.881 3.706 4.223
Non invasive 76 52 (26%) 24 (24%) 0.198 0.656 0.798 —0.0020 0.0204 —0.0419 0.0380 38.1
ventilation for (25%)
acute COVID-19 Yes
(%)
Age 58.69 + 58.653 + 58.762 + -0.076  0.94 0.958 0.0127 0.0484 —0.0821 0.1075 37.7
11.748 11.503 12.274

return to work despite being medically deemed recovered from their
primary illness (Townsend et al., 2020), the reported worsening fatigue
symptom over time highlights the importance of following all patients
diagnosed with COVID-19.

When exploring the effect of potential baseline risk factors in
affecting long-term post-COVID fatigue in a sample of 300 patients, we
found that, among several predictors, only depressive psychopathology
significantly predicted the presence of fatigue six or twelve months after
infection. Accordingly, Al-Jassas et al. showed that in the acute phase of
COVID-19, the appearance of depressive symptoms and physio-somatic
fatigue symptoms is strongly interrelated, as happens in major depres-
sion and ME/CFS (Al-Jassas et al., 2022). Moreover, Townsend et al.
found a significant association between preexisting diagnosis of
depression and the use of antidepressant medications and the presence
of post-COVID fatigue (Townsend et al., 2020). Finally, Grover et al.
showed a strong association between anxiety and depressive symptoms
and post-COVID-19 fatigue (Grover et al., 2021). Our findings, based on
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elastic net penalised regressions, corroborate this piece of literature. The
implemented statistical framework allows managing a large set of highly
correlated predictors, exploring the marginal contribution of each var-
iable. Moreover, thanks to L1 penalty, the elastic net performs an
embedded feature selection directly optimised on the predictive esti-
mated model by a data-driven rule. Interesting, and consistent with
other previous studies (Al-Jassas et al., 2022; Townsend et al., 2020),
there was no association between age, organic comorbidity, COVID-19
severity (duration of hospitalization, intensive care unit, non-invasive
ventilation, oxygen saturation) and post-COVID fatigue. We suggest
that, rather independent of COVID-19 severity, depression after
COVID-19 is associated with persistent fatigue, thus worsening the load
of a non-communicable condition potentially triggered by
infection-related systemic inflammation (Benedetti et al., 2021a; De
Lorenzo et al., 2020; Mazza et al., 2020, 2021b) but then persisting on its
own. It seems that post-COVID fatigue and post-COVID depression
potentially share the same pathophysiological mechanisms possibly
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related to indirect immune-inflammatory mediated damage and neu-
roinflammation (Troyer et al., 2020; Wu et al., 2020b). The causal
relationship between systemic inflammation and post-COVID depression
as well as post-COVID fatigue has been hypothesized and confirmed by
several findings (Benedetti et al., 2021b; Ceban et al., 2021; Mazza et al.,
2020, 2021b). Considering that, apart from fatigue, depressive symp-
toms have also been associated with neurocognitive functioning
(Gouraud et al., 2021; Mattioli et al., 2021; Mazza et al., 2021b; Poletti
et al., 2021) and quality of life (Babicki et al., 2021; Poletti et al., 2021)
in COVID-19 survivors, the reported evidence confirm the central role of
depression, which seems to be one of the most relevant predictors of the
post-COVID syndrome. From a clinical perspective, considering the
alarming prevalence of post-COVID-19 depression ranging from 21%
(Khraisat et al., 2021) up to 45% (Deng et al., 2021), according to cur-
rent literature (Nalbandian et al., 2021) follow-up services for COVID-19
survivors should be implemented irrespectively of acute COVID-19
severity in order to monitor mental health and provide early treat-
ment thus reducing the associated high disease burden.

Our results should be taken in the context of some limitations. First,
the monocentric nature of our study limits the generalizability of the
findings, raising the possibility of population stratification. Second, the
small sample size of patients assessed longitudinally limits our findings’
interpretation and power. Third, during the first wave, we did not
evaluate fatigue since the pandemic beginning; thus, evaluation was
limited at six and twelve months, making it impossible to compare the
fatigue rate between the two waves and to have a complete longitudinal
assessment over the twelve months. Fourth, the lack of a comparison
group of subjects not affected by COVID-19 but experiencing the same
psychological stressful situation (lockdown, fear, doubt, stigma, and
social isolation) did not allow to disentangle the effect of COVID-19
infection from the psychological stressors. Fifth, limited health care
resources forced us to assess psychopathology at 12 months using only
self-rated questionnaires instead of a direct clinical interview. Finally,
we included only hospitalized patients showing clinical and radiological
findings suggestive of COVID-19 pneumonia thus selection bias could
possibly limit the generalization of current results, especially consid-
ering that post-COVID fatigue also occurs after mild acute infection that
don’t require hospitalization.

Further larger multicentric longitudinal studies also exploring the
effect of heterogeneous predictors are needed to overcome these
limitations.

These weaknesses, however, do not bias our findings confirming that
post-COVID-19 fatigue, mainly predicted by depressive psychopathol-
ogy, persists in the months following hospital discharge with potential
worsening over time. This finding has major preventive and clinical
implications. The global burden of COVID-19 infection and the highly
prevalent post-COVID sequelae will require integrated multi-
disciplinary management strategies in the following months and years.
Moreover, prioritisation of follow-up care should be considered for pa-
tients at high risk for post-acute COVID-19, including those who had
severe illness during acute COVID-19 and patients showing depressive
symptomatology. Post-COVID syndrome will affect COVID-19 survivors’
daily functioning and place an additional burden on the healthcare
system. Clarifying the mechanisms and risk factors underlying such
long-term symptomatology is essential to identify target population and
to tailor specific treatment and rehabilitation interventions to foster
recovery.
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