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Abstract

Background: Multicentre studies focussing on specific long-
term post-COVID-19 symptoms are scarce. Objective: The
aim of this study was to determine the levels of fatigue and
dyspnoea, repercussions on daily life activities, and risk fac-
tors associated with fatigue or dyspnoea in COVID-19 survi-
vors at long term after hospital discharge. Methods: Age,
gender, height, weight, symptoms at hospitalization, pre-
existing medical comorbidity, intensive care unit admission,

and the presence of cardio-respiratory symptoms devel-
oped after severe acute respiratory syndrome coronavirus 2
infection were collected from patients who recovered from
COVID-19 at 4 hospitals in Madrid (Spain) from March 1 to
May 31, 2020 (first COVID-19 wave). The Functional Impair-
ment Checklist was used for evaluating fatigue/dyspnoea
levels and functional limitations. Results: A total of 1,142 pa-
tients (48% women, age: 61, standard deviation [SD]: 17
years) were assessed 7.0 months (SD 0.6) after hospitaliza-
tion. Fatigue was present in 61% patients, dyspnoea with ac-
tivity in 55%, and dyspnoea at restin 23.5%. Only 355 (31.1%)
patients did not exhibit fatigue and/or dyspnoea 7 months
after hospitalization. Forty-five per cent reported functional
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limitations with daily living activities. Risk factors associated
with fatigue and dyspnoea included female gender, number
of pre-existing comorbidities, and number of symptoms at
hospitalization. The number of days at hospital was a risk fac-
tor just for dyspnoea. Conclusions: Fatigue and/or dyspnoea
were present in 70% of hospitalized COVID-19 survivors 7
months after discharge. In addition, 45% patients exhibited
limitations on daily living activities. Being female, higher
number of pre-existing medical comorbidities and number
of symptoms at hospitalization were risk factors associated
to fatigue/dyspnoea in COVID-19 survivors 7 months after
hospitalization. ©2021S. Karger AG, Basel

Introduction

Evidence supports that symptoms associated with se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causing COVID-19 [1] are highly heterogeneous
and range from no symptoms to minimal (cough, sneez-
ing, or sore throat), mild (fever, rhinorrhoea, dyspnoea,
or diarrhoea), or severe (pneumonia, acute respiratory
distress syndrome, septic shock, or systemic multiple or-
gan failure) symptoms [2]. The literature about CO-
VID-19 has concentrated on the management of acute
cases at hospitalization periods. However, once the acute
phase has been surpassed, increasing evidence supports
the presence of post-COVID-19 sequelae [3]. Since mil-
lions of people have been infected by SARS-CoV-2, it is
possible that those exhibiting post-COVID-19 symptoms
represent a health-care problem [4].

The number of studies investigating the presence of
post-COVID-19 symptoms is small in comparison with
the explosion of the literature related to the acute symp-
toms and management of COVID-19 [5]. Several studies
have suggested that between 55 and 85% of previous hos-
pitalized COVID-19 survivors’ exhibit post-COVID-19
symptoms 2-3 months after the infection [6-12]. In fact,
a recent meta-analysis published as preprint found an
overall prevalence of 80% of COVID-19 survivors exhib-
iting at least 1 post-COVID-19 symptom, with fatigue
(58%) and dyspnoea (24%) among the top 5 post-CO-
VID-19 symptoms [13]. Another meta-analysis focussed
on respiratory symptoms also reported that fatigue and
dyspnoea are the most prevalent respiratory post-CO-
VID-19 symptoms in hospitalized patients with a preva-
lence of 52% and 37%, respectively, between 3 weeks and
3 months after hospital discharge [14]. However, most
previous single studies [6-12] and those included in these
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systematic reviews [13, 14] did not assess the potential
levels of fatigue or dyspnoea and did not evaluate the
functional limitations related to these sequelae. In addi-
tion, population samples ranged from 120 to 380 partici-
pants, recruited all from a single centre, with follow-up
periods of <3 months [6-14]. To further determine the
relevance of fatigue and dyspnoea as persistent post-CO-
VID-19 symptoms, multicentre studies including a large
number of participants, follow-up periods >6 months af-
ter hospital discharge and potential functional limitations
are needed.

There is preliminary research assessing the fatigue lev-
el and its impact on COVID-19 survivors. Jacobs et al.
[13] investigated the presence of persistent symptoms at
35 days in a sample of 183 COVID-19 patients and re-
ported that fatigue (55%) and dyspnoea (45.3%) were as-
sociated with worse quality of life [15]. This study classi-
fied the levels of fatigue and observed that 40% of the
sample (n = 75) self-rated fatigue as severe [15]. In a sam-
ple of 128 COVID-19 patients, Townsend et al. [16] found
that more than half (52.3%) reported fatigue at a median
follow-up period of 10 weeks after the symptom onset,
which was not associated with the severity of the SARS-
CoV-2 infection (need for inpatient admission, supple-
mental oxygen, and critical care) or laboratory markers.
Again, these 2 studies included small numbers of partici-
pants recruited from just 1 single centre and follow-up
periods <3 months.

This multicentre study reports the largest systematic
assessment to date of fatigue and dyspnoea as persistent
post-COVID-19 symptoms in COVID-19 survivors after
hospital discharge, also evaluating their repercussion on
functional activity of daily living. The aims of this study
were (1) to determine the levels of fatigue and dyspnoea
as post-COVID-19 symptoms in COVID-19 survivors at
6 months after hospitalization; (2) to evaluate functional
repercussions of these symptoms on daily living activities;
and (3) to determine the potential risk factors associated
with fatigue and dyspnoea in hospitalized COVID-19
survivors.

Methods

Participants

This multicentre cross-sectional cohort study was conducted in
Spain from September 1 to November 30, 2020, and included hos-
pitalized patients who had recovered from SARS-CoV-2 infection
at 4 public hospitals in Madrid (Spain) during the first wave
(March-May 2020). Participants should have been positively diag-
nosed of SARS-CoV-2 (ICD-10 code) infection with the real-time
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Table 1. Demographic and clinical data of the sample and by gender

Total sample (n=1,142) Male (n=601) Female (n = 541)
Age, mean (SD), years 61(17) 61.5(16) 60 (17.5)
Gender, male/female, n (%) 601 (52.5)/541 (47.5) - -
Weight, mean (SD), kg* 70 (15) 75(13) 64 (14)
Height, mean (SD), cm* 166 (10) 171 (8.5) 159 (7)
BMI, mean (SD), kg/cm? 25.4 (3.0 25.6 (4.2) 25.3(2.8)
Smoking status, n (%)*
Active 96 (8.5) 65 (10.8) 31(5.7)
None or former 1,046 (91.5) 536 (89.2) 509 (94.3)
Medical comorbidities, n (%)
Hypertension* 291 (25.5) 176 (29.3) 115 (21.3)
Diabetes 145 (13) 90 (15) 55(10.2)
Cardiovascular disease 144 (13) 90 (15) 54(10)
Rheumatological disease 61 (5.5) 37 (6.2) 24 (4.4)
Asma 55(5) 30(5) 25 (4.6)
Obesity 54 (5) 34 (5.6) 20(3.7)
COPD 51 (4.5) 31(5.2) 20 (3.7)
Stroke 29 (2.5) 17 (2.8) 12 (2.3)
Other (cancer, kidney disease) 105 (9) 52 (8.6) 53(9.8)
Days at hospital, mean (SD)* 14(12) 14.6 (12.5) 12.5(11)
ICU admission
Yes/no, n (%)* 80(7)/1,062 (93) 51(8.4)/450(91.6) 29(5.4)/512 (94.6)
Stay at ICU, mean (SD), days 15(13) 15(12.5) 14.5(15)
Cardio-respiratory post-COVID-19 symptoms, n (%)
Fatigue* 695 (61) 329 (54.7) 367 (67.8)
Dyspnoea with activity* 627 (55) 289 (48.1) 338(62.5)
Dyspnoea at rest* 268 (23.5) 114 (19) 154 (28.4)
Chest pain 80(7) 42 (7) 38(7)
Tachycardia-palpitations 77 (6.5) 43(7.1) 34 (6.3)
Cough 24 (2) 12(2) 12(2)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; SD, standard deviation; ICU, intensive care
unit. * Significant differences between males and females.

reverse transcription-polymerase chain reaction assay of nasopha-
ryngeal/oral swab samples and the presence of consistent clinical
and radiological findings at hospital admission. All eligible CO-
VID-19 survivors discharged from the participating hospitals were
included in an anonymous database, and a random selection of 300
patients from each hospital was performed with a piece of online
randomization software. No exclusion criteria were applied to get
the widest COVID-19 survivors’ spectrum, although individuals
with a documented diagnosis of dementia or delirium (or other-
wise unable to conduct the interview) were excluded.

Procedure

Participants who agreed to participate were scheduled for a
telephone interview by trained researchers following the proce-
dures used in population-based survey studies. A specific ques-
tionnaire for this study was developed by a multidisciplinary re-
search team. Clinical (e.g., age, gender, height, weight, and pre-
existing comorbidities) and hospitalization (days at hospital,
symptoms at hospital admission, and intensive care unit [ICU]
admission) data were collected from hospital medical records. Par-
ticipants were systematically asked to report the presence or ab-

Fatigue and Dyspnoea as Main Long-
Term Post-COVID-19 Symptoms

sence of any respiratory/cardiac symptom including dyspnoea, fa-
tigue, cough, chest pain, and palpitations developed after hospital-
ization and whether these symptoms persisted at the time of the
study. It was emphasized that the reported symptoms should have
appeared after hospital discharge. More than one symptom could
be reported by the same participant.

Additionally, due to the similarities between the SARS and CO-
VID-19, we used the items from the Functional Impairment
ChecKklist (FIC), a disease-specific tool used for evaluating the
functional consequences of SARS [17]. The FIC consists of 4 items
assessing symptoms including shortness of breath (dyspnoea) at
rest or with activity, fatigue, and muscle weakness. In this study,
we focussed fatigue and dyspnoea symptoms; therefore, muscle
weakness was excluded from the analysis. Each symptom is classi-
fied on 4 degrees of severity by the patient (0: no, 1: mild, 2: mod-
erate, and 3: severe). We defined mild affectation if the symptom
limited 25% of the patient’ activity, moderate if limited 50%, and
severe when 75% of higher. Further, the FIC also includes other 4
items assessing limitations in occupational, leisure/social activi-
ties, basic, and instrumental activities of daily life [15]. Each item
is also classified on 4 degrees of severity (0: no, 1: mild, 2: moder-
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ate, and 3: severe). Mild affectation was referred when the patient
perceived a 25% of limitation on the activity, moderate when the
limitation was 50%, and severe when perceived as 75% of higher.

Statistical Analysis

The statistical analysis was conducted with STATA 16.1 (Stata-
Corp. 2019. Stata Statistical Software: Release 16; StataCorp LP,
College Station, TX, USA). Data were presented as mean (standard
deviation [SD]) or percentages as appropriate. We compared the
presence of fatigue or dyspnoea levels and the related functional
limitations according to gender and whether the patient had been
admitted to the ICU. Bivariate analyses were conducted to deter-
mine the association between the presence of fatigue or dyspnoea
and functional limitations. Multivariable unconditional logistic
regression prediction and risk models were constructed to identify
those variables related to clinical data (age, gender, height, weight,
and number of pre-existing comorbidities), and hospitalization
data (number of symptoms at hospital admission, days at hospital,
and ICU/non-ICU admission) associated with the presence of per-
sistent post-COVID-19 fatigue and dyspnoea. Adjusted odds ratio
(OR) with 95% confidence intervals (95% CIs) were calculated. A
priori, the level of significance was set at 0.05.

Results

Participants

From 4,401 patients hospitalized at the participating
hospital during the first wave of the pandemic (March 1 to
May 31, 2020), a total of 1,200 participants were randomly
selected and invited to participate. Thirteen patients re-
fused to participate, 10 were not able to be contacted after
3 attempts, and 35 had deceased after hospital discharge. A
total of 1,142 (48% women, mean age: 61, SD: 17 years)
agreed to participate and were included. The most common
symptoms at hospitalization due to SARS-CoV-2 infection
included fever (71%), myalgia (35%), dyspnoea (32%), and
cough (30%). Four hundred and eighty-two (n = 482, 42%)
had no medical comorbidity, 406 (36%) had 1 comorbidity,
174 (15%) had 2 comorbidities, and the remaining 80 (7%)
had 3 comorbidities. Clinical features of the study sample
and by gender are detailed within Table 1.

Participants were assessed amean of 7 (SD, 0.6) months
after hospital discharge. In general, just 212 (18.5%) pa-
tients were completely free of any-type of post-CO-
VID-19 symptom, 238 (21%) reported 1 symptom, 267
(23.5%) had 2 symptoms, and the remaining 425 (37%)
had 3 or more.

Fatigue and Dyspnoea as Long-Term Post-COVID-19

Symptoms

Seven months after hospital discharge, 695 (61%) pa-
tients experienced persistent fatigue, 627 (55%) reported
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dyspnoea with activity, and 268 (23.5%) dyspnoea at rest.
In fact, only 355 (31.1%) patients did not exhibit fatigue
and/or dyspnoea 7 months after hospitalization. Other
symptoms, less prevalent, included chest pain (7%),
tachycardia-palpitations (6.5%), or cough (2%) (Table 1).

Significantly higher proportions of females experi-
enced fatigue (OR 1.75, 95% CI: 1.37-2.24, p < 0.001),
dyspnoea with activity (OR 1.76, 95% CI: 1.39-2.23, p <
0.001), and dyspnoeaat rest (OR 1.70,95% CI: 1.29-2.24),
p < 0.001) when compared with males (Table 1). In con-
trast, the presence of fatigue (OR 0.98, 95% CI: 0.61-1.57,
p=0.963), dyspnoea with activity (OR 1.05, 95% CI: 0.66-
1.93, p = 0.835), or dyspnoea at rest (OR 1.55, 95% CI:
0.94-2.55, p = 0.080) was not significantly different de-
pending on ICU or not admission.

Among 695 patients reporting persistent post-CO-
VID-19 fatigue, 353 (51%) patients experienced it as mod-
erate to severe, whereas the remaining 342 (49%) perceived
it as mild. Among 627 patients presenting dyspnoea with
activity, 282 (45%) described it as moderate to severe, and
the remaining 345 (55%) patients described it as mild. Fi-
nally, from 268 individuals presenting dyspnoea at rest, 69
(26%) described it as moderate to severe, whereas the re-
maining 199 (74%) described it as mild. Females reported
mild, moderate, and severe fatigue more frequently than
males (p <0.001, Table 2). In addition, mild, moderate, and
severe dyspnoea with activity and mild and moderate, but
not severe, dyspnoea at rest were also more frequent in fe-
males than in males (p < 0.001, Table 2). No significant dif-
ferences in the levels of fatigue or dyspnoea (mild/moder-
ate/severe) were observed between patients with and with-
out ICU admission (all, p > 0.1).

Risk Factors Associated with Fatigue and Dyspnoea

The regression model revealed that the presence of fa-
tigue as a persistent post-COVID-19 symptom was sig-
nificantly associated with female gender (OR 1.80, 95%
CI: 1.39-2.32, p < 0.001), the number of medical comor-
bidities (OR 1.21, 95% CI: 1.04-1.42, p = 0.012), and the
number of symptoms experienced at hospital admission
(OR 1.55,95% CI: 1.34-1.80, p < 0.001).

The presence of dyspnoea as persistent symptom was
significantly associated with female gender (at rest: OR
1.84, 95% CI: 1.38-2.47; activity: OR 1.86, 95% CI: 1.45-
2.39; p <0.001), number of days at hospital (rest: OR 1.02,
95% CI: 1.01-1.03, p < 0.001; activity: OR 1.013, 95% CI:
1.001-1.025, p=0.025), number of medical comorbidities
(at rest: OR 1.21, 95% CI: 1.02-1.43, p = 0.02; with activ-
ity: OR 1.34, 95% CI: 1.15-1.56, p < 0.001), and the num-
ber of symptoms at hospitalization (at rest: OR 1.21, 95%
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Table 2. Gender differences in fatigue and dyspnoea symptoms in COVID-19 survivors

Women (n=541), Men(n=601), Adjusted OR
n (%) n (%)
Fatigue (n =695/1,142)
No (n = 447) 174 (32) 273 (45.5)
Mild (n =342) 169 (31.5) 173 (28.5) 1.55(95% Cl: 1.16-2.06), p = 0.003*
Moderate (n = 258) 143 (26.5) 115(19.5) 1.98 (95% Cl: 1.44-2.69), p < 0.001*
Severe (n = 95) 55(10) 40 (6.5) 2.12(95% Cl: 1.36-3.32), p = 0.001*
Dyspnoea on exercise (n = 627/1,142)
No (n =608) 203 (37.5) 312(52)
Mild (n = 345) 183 (34) 162 (27) 1.70 (95% Cl: 1.29-2.24), p < 0.001*
Moderate (n =213) 111 (20.5) 102(17) 1.65 (95% Cl: 1.20-2.28), p = 0.002*
Severe (n = 69) 44 (8) 25 (4) 2.40 (95% Cl: 1.49-4.13), p < 0.001*
Dyspnoea at rest (n = 268/1,142)
No (n =874) 387 (71.5) 487 (81.5)
Mild (n = 199) 111 (20.5) 88 (14.5) 1.63 (95% Cl: 1.19-2.22), p = 0.002*
Moderate (n = 48) 32(6) 16 (2.5) 2.31 (95% Cl: 1.26-4.23), p = 0.007*

Severe (n = 21) 11(2)

10(1.5) 1.39 (95% Cl: 0.58-3.31), p = 0.454

OR, odds ratio; Cl, confidence interval. * Significant differences between males and females.

Table 3. Gender differences in limitations in occupational, leisure/social activities, basic, or instrumental activities

of daily life
Women (n=541), Men(n=601), Adjusted OR
n (%) n (%)
Limitation in occupational activities (n = 258/1,142)
No (n = 884) 397 (73.5) 487 (81.5)
Mild (n = 134) 68 (12.5) 66 (11) 1.24 (95% Cl: 0.85-1.78), p = 0.252
Moderate (n = 68) 42 (8) 26 (4) 1.92 (95% Cl: 1.15-3.20), p = 0.012*
Severe (n = 56) 34 (6) 22 (3.5) 1.88 (95% Cl: 1.08-3.27), p = 0.025*
Limitation in leisure/social activities (n = 369/1,142)
No (n=773) 331(61.5) 442 (74)
Mild (n =223) 117 (21.5) 106 (17.5) 1.41 (95% Cl: 1.04-1.90), p = 0.024*
Moderate (n = 106) 66 (12) 40 (6.5) 2.18 (95% ClI: 1.44-3.32), p < 0.001*
Severe (n = 40) 27 (5) 13(2) 2.75 (95% Cl: 1.40-5.41), p = 0.003*
Limitation in basic activities of daily life (n =217/1,142)
No (n =925) 424 (78.5) 501 (83.5)
Mild (n =132) 64 (12) 68 (11) 1.13 (95% Cl: 0.78-1.63), p = 0.501
Moderate (n =52) 33(6) 19(3) 2.06 (95% Cl: 1.15-3.68), p = 0.014*
Severe (n =33) 20 (3.5) 13 (2.5) 1.82 (95% Cl: 0.89-3.71), p = 0.096

Limitation in instrumental activities of daily life (n = 309/1,142)

No (n =833) 356 (66) 477 (79.5)

Mild (n=181) 101 (18.5) 80 (13) 1.71(95% Cl: 1.24-2.37), p = 0.001*
Moderate (n = 90) 61(11.5) 29 (5) 2.96 (95% Cl: 1.86-4.73), p < 0.001*
Severe (n = 38) 23 (4) 15(2.5) 1.65 (95% Cl: 0.86-3.18), p = 0.131

OR, odds ratio; Cl, confidence interval. * Significant differences between males and females.

CI: 1.02-1.45, p = 0.03; activity: OR 1.37, 95% CI: 1.18-
1.58, p < 0.001). No particular medical comorbidity (e.g.,
hypertension, diabetes, and asthma) was associated as a
risk factor for suffering from fatigue and dyspnoea as per-
sistent post-COVID-19 symptoms.

Fatigue and Dyspnoea as Main Long-
Term Post-COVID-19 Symptoms

Functional Limitations and Disability

Forty-five per cent (n = 508, 55% female) of COVID-19
survivors experienced at least 1 functional limitation with
daily living activities. Two hundred and fifty-eight (n =
258, 22.5%) patients experienced limitations with previous
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Fig. 1. Prevalence of fatigue, dyspnoea at
rest, dyspnoea with activity, and functional
limitations with occupational, social/lei-
sure and instrumental, and basic daily liv-
ing activities in female and male previously
hospitalized COVID-19 survivors.

Limitation instrumental daily
living activities

Limitation basic daily
living activities

Limitation leisure and
social activities

—o— Male (n = 601) —*— Female (n = 541)

Fatigue

Dyspnoea with
exercise

Dyspnoea at rest

Limitation occupational
activities

occupational activities, 369 (32%) with social/leisure ac-
tivities, 309 (27%) with instrumental activities, and 217
(19%) with basic activities of daily living. In general, a
greater proportion of females (OR 1.75, 95% CI: 1.38-2.22,
p <0.001) experienced limitations with daily living activity
than males. In particular, higher proportions of females
showed limitations with occupational activities (144/541,
26% OR 1.50, 95% CI: 1.14-1.98, p = 0.004), leisure/social
activities (210/541, 39%, OR 1.72, 95% CI: 1.34-2.21, p <
0.001), instrumental daily living activities (185/541, 34%,
OR 1.99, 95% CI: 1.53-2.60, p < 0.001), and basic activities
of dailyliving (117/541, 21.5%, OR 1.41,95% CI: 1.05-2.60,
p = 0.022) compared to males (occupational activities:
114/601, 19%; social/leisure activities: 159/601, 26.5%; in-
strumental activities of daily living: 124/601, 20.5%; and
basic activities of daily living: 100/601, 16.5%).

Within those participants showing daily living activity
limitations, 48% (n = 124/258) had moderate to severe
limitations in occupational activities, 39.5% (n = 146/369)
showed moderate to severe limitations in leisure/social
activities and 41.5% (n = 128/309), and 39% (n = 85/217)
moderate/severe limitations for instrumental and basic
daily living activities, respectively. Females reported
moderate to severe limitations in occupational activities,
any limitation in leisure/social activity, mild/moderate
limitations in instrumental activity of daily living, and
moderate limitations in basic activities of daily living
more frequently than males (Table 3). Figure 1 graphs the
differences between female and male patients.
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Additionally, significantly higher proportions of pa-
tients requiring ICU admission reported limitations with
occupational activities (OR 2.16, 95% CI: 1.34-3.48, p =
0.001), leisure/social activities (OR 1.98, 95% CI: 1.26—
3.14, p = 0.003), instrumental daily living activities (OR
2.34,95% CI: 1.48-3.72, p < 0.001), and basic activities of
daily living (OR 2.95, 95% CI: 1.83-4.75, p < 0.001) when
compared to those not requiring ICU admission. In fact,
a greater proportion of patients receiving ICU admission
experienced moderate and severe, but not mild, limita-
tions with daily living activities (occupational: moderate
OR 2.57, 95% CI: 1.20-5.49, p = 0.015-severe OR 5.13,
95% CI: 2.59-10.17, p < 0.001; leisure/social: moderate
OR 2.89, 95% CI: 1.54-5.42, p = 0.001-severe OR 4.33,
95% CI: 1.88-9.98, p < 0.001; instrumental: moderate OR
3.91, 95% CI: 2.10-7.27, p < 0.001-severe OR 6.37, 95%
CI: 2.91-13.94, p < 0.001; and basic: moderate OR 3.72,
95% CI: 1.72-8.07, p = 0.001-severe OR 7.74, 95% CI:
3.49-17.15, p < 0.001) than those not requiring ICU ad-
mission.

Significant positive associations between the presence
of fatigue/dyspnoea (either at rest or with activity) and
limitations on daily living activities (r: 0.359-0.684, all
p <0.001) were found: those patients with higher levels of
fatigue or dyspnoea exhibited more severe limitations on
daily living activities. No significant associations between
the presence of pre-existing comorbidities and functional
limitations were seen (all, p > 0.20).
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Discussion

This study describes the incidence of persistent fatigue
and dyspnoea in the largest multicenter study published
to date and with a long-term follow-up period in hospital-
ized COVID-19 survivors. The results revealed that 70%
of hospitalized COVID-19 survivors exhibited fatigue
and/or dyspnoea 7 months after hospitalization. Further,
45% also reported at least 1 limitation on their daily living
activities. Female gender, number of pre-existing comor-
bidities, and the number of symptoms at hospital admis-
sion were risk factors potentially associated with the pres-
ence of fatigue or dyspnoea 7 months after hospital dis-
charge, whereas the number of days at hospital was just
associated with the presence of dyspnoea.

The presence fatigue or dyspnoea in previously hospi-
talized COVID-19 survivors after hospitalization is con-
sistent with current data, which also reported a high prev-
alence of these symptoms but at shorter follow-up peri-
ods (2-3 months after) [6-16]. Our study confirms that
fatigue and dyspnoea continue being highly prevalent at
long-term after hospital discharge supporting that they
can be persistent post-COVID-19 symptoms. In fact, the
presence of persistent respiratory sequelae after the
SARS-CoV-2 infection is similar to previous data found
in patients who had suffered from SARS or Middle East
respiratory syndrome, who also experienced reduced
lung function and function capacity 6 months after infec-
tion [18]. In fact, the presence of persistent fatigue agrees
with the hypothesis of a post-viral fatigue syndrome as-
sociated to coronavirus infection [19].

Nevertheless, discrepancies are observed in the pres-
ence of fatigue in hospitalized patients after SARS-CoV-2
since a Chinese study has reported that 86% of hospital-
ized patients were symptom-free 1 month after hospital
discharge [20]. Similarly, data from non-hospitalized pa-
tients are also conflicting since Stavem et al. [21] observed
that only 16% of non-hospitalized patients had dyspnoea
between 2 and 6 months after symptom onset, whereas
Goértz et al. [22] found that 90% of non-hospitalized CO-
VID-19 survivors experienced fatigue and/or dyspnoea 3
months after infection. Different reasons including gen-
der, population age, medical comorbidities, racial dispar-
ities [23], or blood type [24] could explain these discrep-
ancies.

In addition to the presence or absence of fatigue and
dyspnoea, it is also important to determine the level of
severity and functional impairment. Around 50% of hos-
pitalized patients self-rated their fatigue as moderate/se-
vere, in agreement with data reported by Jacobs et al. [13].

Fatigue and Dyspnoea as Main Long-
Term Post-COVID-19 Symptoms

Moreover, we differentiated the presence of dyspnoea at
rest and with activity, a distinction that has not been spec-
ified in the former post-COVID-19 literature. Our results
showed that 50% of patients reported dyspnoea with ac-
tivity, but 25% experienced dyspnoea at rest. Differentia-
tion between these 2 situations could be clinically relevant
since the presence of dyspnoea at rest could represent
more severe respiratory sequelae associated with lung
damage than the presence of dyspnoea with activity. This
distinction would be in line with the fact that 25% of hos-
pitalized COVID-19 survivors experienced functional
limitations during daily living activities but at different
levels, for example, social, occupational, instrumental, or
basic. We also observed that limitations during daily liv-
ing activities were associated to the presence of fatigue
and dyspnoea. Current data are similar to those previ-
ously observed by Jacobs et al. [13] who also reported that
fatigue and dyspnoea were associated with worse quality
of life and more difficulty during different daily living ac-
tivities, for example, walking, climbing stairs, or lifting.
Additionally, these authors did not find an association
between any particular pre-existing comorbidity and
post-COVID-19 quality of life, suggesting that functional
limitations seem to be specifically related to COVID-19
[13]. Our results support this assumption since we also
did not observe an association between the number of
pre-existing comorbidities and functional limitations.

Current findings support an impact of persistent post-
COVID-19 respiratory symptoms on function in previ-
ously hospitalized COVID-19 patients. Future studies
should identify which particular daily living activities are
more impaired to better determine appropriate therapeu-
tic physical activity strategies. Determining the exact
mechanisms of post-COVID-19 fatigue and dyspnoea is
beyond the scope of this study, but some hypotheses re-
lated to current findings will be discussed.

It has been hypothesized that prolonged pro-inflam-
matory response (hyper-inflammatory cytokine storm)
associated with SARS-CoV-2 infection may root an atyp-
ical response of the mast cells, promoting the develop-
ment of the plethora of post-COVID symptoms [25]. A
second hypothesis would be related to the presence of
persistent viral replication after the acute phase [26]. A
third hypothesis includes the presence of residual lung
injury. In line with this hypothesis, a recent review has
reported that almost 50% of the patients with COVID-19
present residual abnormalities on the lungs almost 3
months after hospital discharge [27]. In fact, the presence
of residual injury in the lungs could explain the differ-
ences in the prevalence of dyspnoea with exercise (55%),
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which could be related to better functional status, when
compared to the presence of dyspnoea at rest (23.5%). In
addition, the presence of persistent post-COVID-19 re-
spiratory symptoms in subgroups of patients and the dif-
ferences in functional repercussion on daily living activi-
ties would support that different mechanisms are in-
volved at the same time in post-COVID-19.

This study also identified some potential risk factors
associated with persistent post-COVID-19 fatigue and
dyspnoea. Female gender, higher number of comorbidi-
ties, and higher number of symptoms at the acute phase
of the infection were risk factors associated with persis-
tent fatigue and dyspnoea 7 months after hospital dis-
charge. These results agree with those previously report-
ed by Jacobs et al. [13] and Townsend et al. [16] who also
showed higher prevalence of fatigue in female patients.
Interestingly, the prevalence of COVID-19 is similar in
males and females, but males exhibit greater severity [28,
29]. These results would suggest gender differences in the
manifestations of COVID-19, with men exhibiting worse
manifestations during the acute phase but women pre-
senting more persistent symptoms in the long-term. Fu-
ture studies are now needed to investigate the possible
mechanisms underlying these differences.

In agreement with our results, Goértz et al. [22] like-
wise showed that pre-existing comorbidities and the
number of symptoms at the onset of infection were asso-
ciated with the number of persistent symptoms in non-
hospitalized patients; however, these authors did not
specify the presence of fatigue on these associations. We
also observed that the number of pre-existing comorbid-
ities and the number of symptoms at infection onset were
associated with the presence of fatigue and dyspnoea in
hospitalized patients. As it can be observed in Table 1,
hypertension and diabetes were the medical comorbidi-
ties more prevalent in our sample. However, no specific
comorbidity was associated with fatigue or dyspnoea in
our multivariate analysis. In agreement with our results,
recent studies suggest that the presence of respiratory co-
morbidities, such as asthma, is not associated with the
presence of more post-COVID-19 symptoms [30, 31]. It
is possible that SARS-CoV-2 infection can promote per-
sistent post-COVID-19 symptoms, for example, fatigue,
in predisposing individuals with higher number of pre-
existing medical comorbidities. In such a scenario, more
medical comorbidities and the presenting more symp-
toms during the acute phase of the infection could pre-
cipitate a cascade of events in these individuals. It is inter-
esting to note that fatigue has not been found to be asso-
ciated with infection severity or laboratory markers,
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suggesting the absence of a specific immune signature as-
sociated with this post-COVID-19 fatigue [16]. Future
studies should investigate these hypotheses.

These results should be considered according to its
strengths and limitations. Among strengths, firstly, this is
a large multicentre study and with a long-term follow-up
period to date investigating persistent fatigue and dys-
pnoea as post-COVID-19 symptoms. Secondly, we used
a specific-disease questionnaire for evaluating fatigue,
dyspnoea, and limitations on daily activities; although,
we should recognize that this questionnaire has been s
validated for SARS but not for COVID-19. Among the
limitations, we only included hospitalized patients; there-
fore, we cannot extrapolate the current results to non-
hospitalized patients. Thirdly, the number of patients re-
quiring ICU admission was small, so their comparisons
should be considered with caution at this stage. Fourthly,
we used a cross-sectional design; therefore, we do not
have data about the evolution of these symptoms with
time. Fifthly, we included Caucasian, not African or
Asian, participants; therefore, extrapolation of our results
to different ethnicities or races should be not performed.
Finally, we collected self-reported patient outcomes, but
not objective measures, for example, blood oxygen satu-
ration, inflammatory biomarkers, or chest X-ray, which
could help to further define pulmonary impairments in
future studies.

Conclusions

This study found that almost 70% of previously hospi-
talized COVID-19 survivors experience fatigue and/or
dyspnoea 7 months after hospitalization. Further, 45%
also showed any limitation on daily living activity. Female
gender, the number of pre-existing comorbidities, and
the number of symptoms at the acute phase of the infec-
tion at hospital admission were risk factors potentially
associated with fatigue and dyspnoea, whereas the num-
ber of days at hospital was associated with the presence of
dyspnoea. Identification and recognition of post-CO-
VID-19 symptoms will ensure immediate action and
counselling for patients who may otherwise struggle with
unrecognized and unmanaged symptoms.
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