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Abstract
The aim of this study was to determine the relationship between physical fitness, cardiopulmonary function and patient-
reported severity of symptoms in people with post-COVID-19 condition. We examined ambulatory patients (n = 72) with 
post-COVID-19 condition who had a chronic symptomatic phase lasting > 12 weeks from the onset of symptoms, but had 
not been hospitalized for acute COVID-19. A comprehensive medical screening was conducted, including clinical history, 
symptomatology, comorbidities, body composition and physical activity levels. We then identified the relationship between 
physical fitness (cardiorespiratory fitness and muscular strength), cardiopulmonary function (echocardiographic and spirom-
etry parameters) and patient-reported severity of symptoms (fatigue, dyspnea, health-related quality of life, anxiety, and 
depression). Age, body mass index, sex, number of comorbidities and duration of symptoms were included as potential 
confounders. Results showed that greater physical fitness and cardiopulmonary function were associated with lower sever-
ity of symptoms in people with post-COVID-19 condition. Cardiorespiratory fitness, lower-limb muscle strength, maxi-
mal voluntary ventilation and left ventricular ejection fraction account for reducing fatigue and dyspnea. Greater physical 
activity levels were associated with fewer symptoms and less-severe fatigue and dyspnea. In conclusion, preserving better 
cardiopulmonary health and physical condition during the course of the disease—even in mild cases—was related to a lower 
intensity of symptoms in non-hospitalized people with post-COVID-19 condition. It is probable that exercise and physical 
conditioning are valuable pre- and post-COVID-19 countermeasures that could help decrease the severity, not only of acute 
infection, but of post-COVID-19 persistent symptoms and prognosis.
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Introduction

The post-COVID-19 condition refers to individuals who have 
a history of probable or confirmed SARS-CoV-2 infection, 
usually 3 months from the onset of COVID-19, whose symp-
toms last for at least 2 months and cannot be explained by an 
alternative diagnosis [1]. This condition applies to a syndrome 
that includes a plethora of symptoms, such as post-exertional 
fatigue, dyspnea, headache, central nervous system, and neu-
rocognitive impairment [2]. Consequently, people with post-
COVID-19 condition suffer from a decreased quality of life 
[3] and physical activity levels [4], mostly due to intense daily 
fatigue that can occur even during light activities. Estimates 
on the breadth of this health problem are difficult since data on 
the prevalence of the disease vary depending on the diagnosis 
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definition and patient characteristics [5], but the risk of per-
sistent symptoms is present in both hospitalized [6] and non-
hospitalized [7] patients.

Mechanisms underlying the post-COVID-19 condition are 
not completely understood [8, 9] and there is not sufficient 
evidence to fully and confidently support emerging pharma-
cological treatments [10]. Therefore, until a treatment is found, 
effective symptom-maintenance strategies should be adopted 
to help protect people from developing pertinacious symp-
toms and related health and socioeconomic complications after 
acute SARS-CoV-2 infection.

Although not much research exists on preventive strate-
gies, it is suggested that physical exercise may offer protec-
tion in case of COVID-19 infection by improving many of the 
symptoms and reducing the long-term effects of the virus [11]. 
Among other mechanisms, exercise stimulates a systemic anti-
inflammatory environment by decreasing circulating inflam-
matory molecules [12]. In addition, exercise improves immune 
function by improving immunosurveillance against viral and 
bacterial infections [13]. Furthermore, data suggest that exer-
cise may augment vaccine efficacy by increasing the antibody 
titter response as it does in influenza vaccines [14].

Along the same line of thought, physical inactivity and 
low exercise capacity are associated with a higher risk for 
severe COVID-19 outcomes [15, 16]. These findings sup-
port the fact that people with better physical capacity might 
present an important advantage in preserving their health 
status and suffering from less-severe acute manifestations 
after contracting the virus. Furthermore, in the absence 
of structural or functional organ damage [17], the chronic 
nature of symptoms may be explained by impaired exercise 
capacity, reduced muscle mass, and alterations in skeletal 
muscle metabolism [18, 19]. Therefore, improving skeletal 
muscle function and increasing physical activity levels, exer-
cise capacity, and cardiorespiratory fitness before contract-
ing COVID-19 and soon after the acute phase of the infec-
tion, may help better manage the severity of post-COVID-19 
condition.

In this study, we evaluated non-hospitalized people 
with post-COVID-19 condition to identify the relationship 
between physical fitness (physical activity levels, cardiores-
piratory fitness, and muscular strength), cardiopulmonary 
function (echocardiographic and spirometry parameters), 
and patient-reported severity of symptoms (fatigue, dysp-
nea, health-related quality of life, anxiety, and depression).

Materials and methods

Study design and recruitment

This observational cross-sectional study has been con-
ducted according to the STROBE statement. Participants 

were recruited through advertisements on social media or 
via recommendations from general practitioners. Inclusion 
criteria were; subjects aged over 18 years old who had a con-
firmed microbiological diagnosis of COVID-19 by SARS-
CoV2 reverse transcription-polymerase chain reaction on 
an oropharyngeal-nasopharyngeal swab or a positive rapid 
antigen test, who presented a chronic symptomatic phase 
lasting > 12 weeks from the onset of symptoms and had not 
been hospitalized because of the acute COVID-19 infec-
tion. In case of reinfection, patients were recruited if symp-
toms consistent with a post-COVID-19 condition persisted 
after a further 12 weeks. Those with evidence of COVID-19 
pneumonia needed a Brixia score ≤ 5 [20] and to show total 
recovery of pulmonary function and radiological follow-up. 
We excluded pregnant patients, and those who had acute or 
unstable chronic diseases such as unstable myocardiopathy, 
ischemic heart disease, uncontrolled hypertension, uncon-
trolled chronic obstructive pulmonary disease (COPD), or 
major surgery in the past 3 months. Written informed con-
sent was obtained from all study participants. The study was 
approved by an ethical review board (Murcia University Eth-
ics Committee No. 3447/2021).

Measurements

Baseline characteristics

Participants initially completed a clinical evaluation that 
included an interview, physical examination and standard-
ized questionnaire on medical history, conducted by an 
internal medicine specialist (infectious diseases consultant) 
and a cardiology team. The participants were asked about 
the presence of the 22 most frequent symptoms reported 
in the largest population survey of patients with long-term 
COVID-19 carried out in Spain [21]. Body composition and 
body mass index (BMI) were measured by a multi-frequency 
segmental body composition analyzer (Tanita MC-780U, 
Tokyo, Japan). Blood tests (cardiac and muscle injury mark-
ers, coagulation and inflammatory markers), spirometry, 
resting electrocardiogram, and echocardiography were also 
performed to rule out any potential major cardiopulmonary 
issues. Physical activity levels were recorded by patient-
reported Global Physical Activity Questionnaire [22], and 
compared with the most recent World Health Organization 
guidelines for adults [23].

Severity of symptoms

Patient-reported outcomes (PROs) included: Health-related 
quality of life by the 12-item Short Form Survey (SF-12) 
[24], calculating the mental component (MCS) and physi-
cal component scores (PCS). Population-based norms of the 
regional population [25] were used for secondary analyses. 
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Anxiety and Depression, by the General Anxiety Disorder 
7 Questionnaire GAD-7 [26] and the Patient Health Ques-
tionnaire-9 (PHQ-9) [27]. A cut-off score for moderate-
severe depression and anxiety ≥ 10 points was considered 
for secondary analyses. Dyspnea, by the Modified Medical 
Research Council Dyspnea l Scale (mMRC) [28]. A cut-
off score for severe breathlessness ≥ 2 was considered for 
secondary analyses. Fatigue, by the Chalder Fatigue Scale 
(CFQ-11) with the bimodal scoring system [29] and the 
Fatigue Severity Scale (FSS) [30]. Scores of ≥ 4 indicate 
severe fatigue [31]. The DePaul Symptom Questionnaire 
Short Form (DSQ-14 short form) [32] was used to screen 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/
CFS) symptoms by measuring its frequency and severity 
over the past 6 months. Functional limitations after COVID-
19, by the Post-COVID-19 Functional Status (PCFS) scale 
[33].

Physical fitness

Participants completed a submaximal multistage and indi-
vidualized cardiopulmonary exercise test on a cycle ergom-
eter (Ergoline, Ergoselect 200) while wearing heart rate 
(HR) monitors (Polar V800, Kempele, Finland) and report-
ing their rate of perceived exertion (RPE 6–20) according to 
the Ekblom-Bak protocol [34]. Mean heart rate during the 
last minute at the higher work rate was recorded. Maximal 
oxygen consumption  (VO2max) was estimated by sex-specific 
equations and compared against the population norms, fur-
ther adjusted by sex and age [35].

Muscular strength measures included a handgrip test 
using a calibrated digital dynamometer (Takei 5401-C, 
Shinagawa-Ku, Tokyo), the 5-time sit-to-stand test, a 3 s 
isometric knee extension test at 110° of knee flexion angle 
using a force sensor (Chronojump, BoscoSystem, Barcelona) 
recording in Newtons (N) [36], and a progressive submaxi-
mal loading test in Smith machine for the bench press (BP) 
and half squat (HSQ) exercises using a linear velocity trans-
ducer (T-Force, Ergotech Consulting, Murcia, Spain) [37]. 
The progressive loading tests were performed from a starting 
load of 5 kg and increasing up to reaching a target mean pro-
pulsive velocity corresponding to ~ 50% of the 1-repetition 
maximum effort (1RM).

Cardiopulmonary function

A resting echocardiogram was performed following stand-
ard procedures [38] by a team of cardiologists, using the 
same ultrasound system (Philips CX50; Guilford, Eng-
land), methodology, and interpretation in all patients. Left 
ventricular ejection fraction (LVEF) and end-diastolic vol-
umes (LVEDV), tricuspid annular plane systolic excursion 
(TAPSE), and the peak early diastolic velocity and late 

diastolic velocity ratio (E/A) measures were considered for 
secondary analyses [19]. Participants completed a forced 
spirometry test (MetaLyzer 3B-R3, Cortex Biophysik 
GmbH, Leipzig, Germany) following standardized proce-
dures [39]. Data from the forced vital capacity (FVC), forced 
expiratory volume at the end of the first second (FEV1), 
forced expiratory flow rate at the mid-portion of FVC (FEV 
25–75%), and maximum voluntary ventilation (MVV) were 
collected.

Statistical analysis

The required sample size was determined based on the popu-
lation affected by SARS-CoV2 infection in the Region of 
Murcia in October 2020 (21,198 cases), for an estimated 
prevalence of post-COVID-19 syndrome in the non-hospital-
ized population of 1% [40] and assuming a confidence inter-
val of 95% and margin of error of 10%. The estimated size 
was 67 participants. Continuous variables were presented 
as mean and standard deviation (SD) or median and inter-
quartile range (IQR). Binary and categorical variables were 
presented as counts and percentages. When possible, all val-
ues were compared against the population norms, adjusted 
for sex, age, BMI, and/or height. The exploratory analysis 
included Chi-Squared tests and correlations to examine the 
associations between variables, and Student’s t tests were 
used to compare mean differences. Effect size was calculated 
according to Cohen’s d (large 0.80, medium 0.50, and low 
0.20) and Cramer’s V (large 0.50, medium 0.30, and low 
0.10). Multiple linear regression analyses were conducted 
to identify the associations of symptom severity with physi-
cal fitness and cardiopulmonary function outcomes. Regres-
sion models (enter method) were adjusted for age, sex, BMI, 
number of symptoms and number of comorbidities. Mul-
ticollinearity was determined by calculating the variance 
inflation factors, whereby data was excluded if > 5. The 
level of significance was set at p < 0.05. Calculations were 
performed using SPSS 24.0 (IBM Corp., Armonk, NY) for 
Windows.

Results

From 157 participants who expressed interest in the study, 
72 met the inclusion/exclusion criteria and were enrolled 
in the study from February to November 2021. Participant 
characteristics, clinical history, and symptomatology are pre-
sented in Table 1. Since vaccination in Spain on non-priority 
groups was initiated on June 2021, 40 out of 48 (83.3%) 
recruited participants from that time were vaccinated with 
at least one dose.

Women presented a larger number of symptoms (8.7 ± 3.4 
vs. 6.0 ± 2.6, p < 0.001, d = 0.90) and more prevalence of 
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loss of smell/taste (47.0% vs 12.0%, p = 0.005, V = 0.27), 
hair loss (43.0% vs 4.0%, p = 0.002, V = 0.37), chest pain 
(36.0 vs. 8.0%, p = 0.021, V = 0.33) and cough (21.0 vs. 0%, 
p = 0.001, V = 0.30) than men. Those participants who had 
previous psychopathology, presented significantly more fre-
quency of mood disorders (anxiety and low mood, p < 0.01), 
as well as a tendency to neurocognitive limitation in the 

domains consulted [lack of concentration (p = 0.055), poor 
speech skills (p = 0.051), memory loss (p = 0.082) and 
sleep disorders (p = 0.055)]. Thirty-two participants (44%) 
met the WHO physical activity guidelines and presented a 
lower number of symptoms compared to those who did not 
meet the recommendations (6.2 ± 3.2 vs. 9.1 ± 3.2, p < 0.001, 
d = 0.89).

Table 1  Characteristics, 
medical screening, clinical 
history and symptomatology 
of people with post-COVID-19 
condition (n = 72)

a Significant sex differences (p < 0.05)
b Significant association with physical activity levels (p < 0.05)
c Significant association with vaccination (p < 0.05)
d Significant association with previous psychiatric conditions (p < 0.05). Data are means and standard devia-
tion (M ± SD) or frequencies and percentages (n (%))
BMI Body mass index, SDU (Standard Drink Unit) Spanish standard unit is equivalent to 10 g of alcohol, 
COPD Chronic Obstructive Pulmonary Disease

Characteristics Value Characteristics Value

Age (years) 45.5 ± 9.0 Symptom’s length (weeks) 36.3 ± 21.1
Sex Number of symptoms (n) 7.7 ± 3.4 a,b

 Men 25 (34.7) Symptoms (n)
 Women 47 (65.3)  Fatigue 60 (83.3)

Occupational status (n)  Dyspnea 49 (68.0)
 Employed 38 (52.8)  Memory problems or confusion 44 (61.1)
 Sick leave 25 (34.7)  Insomnia or sleep disturbances 42 (58.3)

Unemployed 9 (12.5)  Lack of concentration 41 (56.9)
Body composition  Brain fog 40 (55.5)
 Body mass (kg) 74.7 ± 14.3  Myalgia 40 (55.5)c

 Height (cm) 166.4 ± 9.0  Low mood 38 (52.7)d

 BMI (kg·m−2) 26.9 ± 4.8  Headache 34 (47.2)
 Fat mass (%) 31.7 ± 8.2  Anxiety 31 (43.0)d

 Lean body mass (kg) 49.8 ± 10.5  Loss of smell/taste 25 (34.7) a

Toxic Habits (n)  Hair loss 21 (29.1) a

 Alcohol 8 (11.1)  Dizziness 19 (26.3)
 Drink units (SDU) 3.75 (1.9)  Chest pain 19 (26.3) a

 Active smoker 4 (8.0)  Palpitations 17 (23.6)
 Former smoker 22 (30.5)  Abdominal pain 12 (16.6)

Comorbidity (n)  Diarrhea 11 (15.2)
 Any comorbidity 42 (58.3)  Loss of appetite 11 (15.2)
 Psychiatric conditions 28 (38.8)  Low grade fever 10 (13.8)
 Asthma 11 (15.2)  Weight loss 10 (13.8)
 Hypertension 6 (8.3)  Cough 10 (13.8) a

 Structural heart disease 4 (5.5)  Nausea and/or vomiting 3 (4.1)
 Diabetes 3 (4.1) Evolution (n)
 COPD 2 (2.7)  Fluctuating course 36 (50.0)

Medication (n)  Progressive improvement 53 (73.6)
 Taking medication 49 (69.0)  Vaccination 40 (56.6)
 Antidepressants 21 (29.1)  Reinfection 7 (9.7)
 Benzodiazepines 21 (29.1) Physical activity (min·wk-1)
 Bronchodilators 15 (20.8)  Moderate 268 ± 343
 Thorax X-ray at diagnosis (n) 52 (72.2)  Vigorous 83 ± 213
 Pneumonia (n) 6 (8.3)  Meet OMS recommendations 42 (58.3)

 Sedentary (hours) 6.5 ± 3.6
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The prevalence of clinically significant punctuations of 
depression, anxiety and severe breathlessness were 68.1, 
47.2 and 43.1%, respectively. Severe fatigue by means of 
CSF and FSS scales was presented in 90.3 and 81.7% of 
participants, respectively. Quality of life (physical and men-
tal health domains) were under population values in 87.5 
and 91.7% of the cases respectively. When compared to the 
population norm, 49.2% of cases were below the mean in 
 VO2max and 42.2% in hand grip strength. Regarding the pul-
monary function, FVC, FEF1 and MVV were 66.7, 27.8 and 
60.6% under the expected values.

Results from physical fitness, cardiopulmonary func-
tion, and severity of symptom outcomes are presented in 
Table 2. Patients with a larger number of symptoms reported 
greater severity in all the PROs examined (r from 0.31 to 
0.67; p < 0.003). In turn, people with higher physical activity 
levels reported a lower severity (p < 0.025); in particular, the 
greater the number of moderate and vigorous physical activ-
ity minutes, the lower the scores on the fatigue scales (CFQ-
11, r = − 0.27 and − 0.31), dyspnea (mMRC, r = − 0.27 and 
− 0.24), and depression (PHQ-9, r = − 0.27 and − 0.30). 
Correlations between variables are shown in Fig. 1.

Linear regression analyses adjusted for sex, age, BMI, 
number of comorbidities and number of symptoms (Table 3) 
identified significant negative associations (p < 0.024, 
R2 > 0.28) between physical fitness, cardiopulmonary func-
tion, and the severity of particular symptoms. mMRC was 
negatively associated with  VO2max, the final HR of the Ekb-
lom-Bak test, MVV, and LVEF%. FSS was associated with 
HSQ-50%1RM, and MVV. Bimodal CFQ-11 was associated 

with final RPE score and FVC. DSQ-14 was associated with 
RPE, MVV, and LVEF. The analysis of cofounder variables 
confirmed the exploratory correlation results, showing that 
the larger the number of symptoms, the greater the sever-
ity in all the models explored (p < 0.037). No significant 
relationships were found for anxiety (PHQ-9) or depression 
(GAD-7) scales.

Discussion

This study examined the relationships between cardiorespi-
ratory fitness and the severity of post-COVID-19 symptoms 
in an ambulatory cohort of people with persistent symptoms. 
The main contributions were: (1) better physical condition-
ing was associated with less-severe symptoms  (VO2max and 
leg strength correlates with dyspnea and fatigue, respec-
tively); (2) higher physical activity levels were associated 
with a smaller number of symptoms; (3) the number of 
symptoms influenced the perception of their intensity (the 
larger the number, the more the severity); (4) physical con-
ditioning tests may provide a detailed evaluation of patients 
with a post-COVID-19 condition even if the usual comple-
mentary medical tests (spirometry, echocardiogram and 
chest X-ray) are normal.

The epidemiological characteristics of the patients 
participating in the study are comparable to the outpa-
tients with post-COVID-19 condition previously described 
[7, 41, 42]. To date, our cohort includes out-of-hospital 
patients with longer-lived persistent symptoms. The 

Table 2  Physical fitness, cardiopulmonary function and severity of symptoms in people with post-COVID-19 condition (n = 72)

Data are means and standard deviation (M ± SD) or frequencies and percentages (n (%))
HR Heart rate.  VO2max: Maximum oxygen uptake estimated by sex-specific equations [34]. HG Handgrip, BP Bench Press, HSQ Half Squat, 
FVC Forced ventilatory capacity, FEV Forced expiratory volume, MVV Maximum voluntary ventilation, LVEF Left Ventricular Ejection Frac-
tion, RV-TAPSE Right ventricular- Tricuspid Annular Plane Systolic Excursion, LVEDV Left Ventricular End Diastolic Volume, E/A ratio early 
diastolic velocity (E), late diastolic velocity (A), CFQ-11 Chalder Fatigue Scale, FSS Fatigue Severity Scale, DSQ-14 The DePaul Symptom 
Questionnaire, PCFS Post-COVID-19 Functional Status scale, mMRC Modified Medical Research Council dyspnea scale, PCS Physical health 
component score, MCS Mental health component score, PHQ Patient Health Questionnaire, GAD Generalized Anxiety Disorder scale

Physical fitness Value Cardiopulmonary function Value Severity of symptoms Value

Initial work rate (W) 73.4 ± 23.7 FVC (L) 3.7 ± 0.9 CFQ-11 8.0 ± 3.0
Higher work rate (W) 98.6 ± 25.9 % FVC 95.8 ± 14 FSS 5.3 ± 1.4
Initial RPE 12.5 ± 2.0 FEV-1 (L) 3.1 ± 0.8 DSQ-14 55.3 ± 18.4
Initial HR (b·m−1) 121.3 ± 13.9 % FEV-1 104.8 ± 17.1 PCFS 2.4 ± 0.9
Final HR (b·m−1) 143.6 ± 16.0 FEV/FVC 84.5 ± 7.2 mMRC 1.4 ± 0.9
Final RPE 15.1 ± 1.5 FEV 25–75% (L·s−1) 3.7 ± 1.2 SF-12 PCS 35.9 ± 11.1
VO2max (ml·kg·min−1) 35.8 ± 10.4 MVV (L) 102.2 ± 38.4 SF-12 MCS 41.8 ± 12.0
Sit-to-stand (s) 7.6 ± 2.8 % MVV 87.2 ± 23.1 PHQ-9 12.1 ± 5.6
Handgrip (kg) 32.8 ± 10.1 LVEF (%) 61.6 ± 5.1 GAD-7 9.4 ± 5.2
BP-50% 1RM (kg) 17.3 ± 9.3 RV-TAPSE (mm) 24.0 ± 3.1
HSQ-50% 1RM (kg) 17.8 ± 14.2 LVEDV  (cm−3m−2) 48.4 ± 10.1
Leg extension (N) 416.9 ± 148.9 E/A  (cms−1) 1.3 ± 0.5
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female: male ratio and the mean number of symptoms are 
similar to those previously described [43]. This suggests 
that, regardless of the current epidemiological situation, 
of the characteristics of health systems, social and cultural 
influences, post-COVID-19 condition is understood in the 
same way all over the world.

One of the direct consequences of the persistence of 
symptoms is the undoubted impact on quality of life, 
since work activities (sick leave and unemployed repre-
sents almost a half of the sample), leisure activities, and 
daily life are interfered with. Physical and mental health 
domains were below the norm in most of participants 
(87.5 and 91.7% respectively), similar to earlier studies 
(83.3% reported moderate-to-poor self-reported health 
after 6 months) [44]. Physical activity, in particular, has 
been seriously compromised [45], especially during 2020, 
coinciding with the first and second waves of COVID-19, 
when 72% of our patients were diagnosed.

Our findings reflected that higher physical fitness 
and cardiopulmonary function were associated with 
lower severity of symptoms (Table 3). People with post-
COVID-19 syndrome who met the global physical activ-
ity guidelines presented less symptoms. In turn, having 
fewer hours of moderate and/or vigorous physical activity 
increased the severity of manifestations. Because physi-
cal activity levels are conditioned by peoples’ physical 
and cardiopulmonary capacity, a worse physical condition 
seems to negatively affect the symptomatic perception, 
mainly in the case of dyspnea and post-exercise fatigue. 
Negative correlations and strength of associations between 
the number of symptoms and physical fitness, strength, and 
cardiopulmonary health might suggest a causal relation-
ship. Therefore, people with mild COVID-19, who develop 
severe or limiting clinical symptoms in the persistent 
phase, would not necessarily be more physically limited 
by the symptoms themselves, but would be moderated by 

Fig. 1  Heatmap shows the correlation between severity of symptoms, physical fitness, and cardiopulmonary function in people with post-
COVID-19 condition (n = 72). Crossed (X) squares mean non-significant associations (p > 0.05)
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how fit they were when they acquired the disease. Ongoing 
randomized control trials [46] will try to prove that bet-
ter pre-existing or acquired cardiopulmonary fitness and 
strength benefits from a lower intensity of symptoms.

In support of these findings, previous studies demon-
strated that patients with mild forms of acute illness and 
post-COVID-19 condition presented evident physical 
restrictions on maximal [47] and submaximal [47, 48] exer-
cise capacity and an increased ventilatory inefficiency [49]. 
The estimated loss of cardiopulmonary fitness  (VO2max) 
in young, healthy, well-trained subjects with mild forms 
of COVID-19 has been estimated at approximately 10% 2 
months after the acute phase [50]. Accordingly, dyspnea and 
fatigue in individuals with post-COVID-19 condition could 
be explained by a reduced oxygen diffusion in peripheral 
circulation even in the absence of cardiac, pulmonary, or 
major ventilatory limitations, as suggested earlier [18, 19, 
49, 51]. Other mechanisms involved in the poor tolerance 
to effort have turned out to be the presence of chronotropic 
incompetence and insufficient increase in systolic volume 
during effort [51, 52].

In our cohort, lung function, on average, was within the 
expected normal limits, but we cannot rule out that ventila-
tory limitations may have partly influenced exercise intoler-
ance, as over six out of ten patients were under normal MVV 
population norms. This suggests that physical decondition-
ing of the inspiratory pump and poor respiratory muscle 
endurance can justify the presence of dyspnea and fatigue as 
a moderately strong linear relationship exists between MVV 
and mMR and FSS respectively.

The perception of symptoms may be influenced by a 
deteriorated mental health status although we did not find 
this relationship in our linear regression models. Our study 
suggested that our non-hospitalized patients with post-
COVID-19 condition are likely to suffer from moderate 
anxiety and depression and other neurocognitive symptoms, 
especially if they had a prior history of both conditions. A 
clinically significant level of depressive, anxiety, and post-
traumatic stress symptoms related to several symptoms were 
reported by others in patients with mild COVID-19 [53].

The possibility that these patients present multisystem 
involvement (pulmonary, cardiac, muscular or central nerv-
ous system) advises a multidisciplinary approach. The high 
symptom burden and psychological and functional limita-
tions of post-COVID-19 condition patients demonstrates 
that prompt and proactive identification of these individu-
als is warranted [9]. As aerobic capacity and lower extrem-
ity strength tests appear to be reliable markers of symp-
tom burden and intensity of post-COVID-19 dyspnea and 
fatigue, we propose to incorporate physical fitness measures 
to assess health status in addition to conventional cardiopul-
monary tests (spirometry and echocardiography) in these 
individuals.

As others have previously proposed [9], early and indi-
vidualized rehabilitation is key to functional recovery after 
COVID-19. It is reasonable that a better physical condition 
may influence the evolution of the SARS CoV-2 infection, 
favoring a better prognosis, even in a complex syndrome 
like the post-COVID-19 condition. According to our find-
ings and available literature, we propose an exercise program 
based on resistance and cardiovascular training, combined 
with inspiratory muscle exercises, to improve health mark-
ers that mostly determine the presence of symptoms. Hence, 
future studies are warranted to determine whether exercise 
may constitute a cost-efficient alternative for the treatment 
of the post-COVID-19 conditions sequelae.

Limitations

As it is a limited-size, single-center project, the results 
may not be directly applicable to other population cohorts. 
As such, we cannot generalize our results to all COVID-
19 patients, irrespective of the age, disease severity or 
need for hospitalization. Furthermore, participants did 
not undergo an exercise stress test before infection, so 
changes from their baseline values were not assessed and 
the impact of pre-existing cardiopulmonary impairments 
is unknown. Although all patients had a follow-up chest 
X-ray, only one third (20/72, 27, 8%) underwent a chest 
CT-scan, therefore the residual lesions not previously 
appreciated could be partly responsible for the symptoms, 
in particular, dyspnea. However, none of the participants 
presented residual lesions in the chest CT performed.

Conclusions

Poor cardiopulmonary fitness and muscle strength were 
associated with greater severity of persistent symptoms in 
patients with post-COVID-19 condition. Higher levels of 
physical activity were associated with a smaller number of 
symptoms. Improving the physical condition and strength 
of patients through an early, tailored exercise intervention 
could be an effective strategy to better manage the post-
COVID-19 condition.
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