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Purpose. To evaluate the influence of previous levels of physical activity on hemodynamic, vascular, ventilatory, and functional
outcomes after coronavirus disease 2019 (COVID-19) hospitalization. Methods. Sixty-three individuals with COVID-19 had their
clinical status and previous levels (12 month) of physical activity (Baecke Questionnaire of Habitual Physical Activity) assessed at
hospital admission. Individuals were then allocated to lower levels of physical activity (ACTLOWER; N = 22), intermediate levels of
physical activity (ACTINTERMEDIATE; N = 22), or higher levels of physical activity (ACTHIGHER; N = 19) groups, according to
tertiles of physical activity. Resting hemodynamic (heart rate and brachial/central blood pressures) and vascular (carotid-femoral
pulse wave velocity, augmentation index, and brachial artery flow-mediated dilation) variables, pulmonary function (spirometry),
respiratory muscle strength (maximal respiratory pressures), and functional capacity (handgrip strength, five-time sit-to-stand,
timed-up and go, and six-minute walking tests) were measured at 30 to 45 days after hospital discharge. Results. ACTLOWER
showed lower levels (P < 0:05) of forced vital capacity, forced expiratory volume in the first second, maximal voluntary ventilation,
and maximal expiratory pressure than ACTHIGHER. ACTLOWER also had lower (P = 0:023) walking distance (~21%,) and lower
percentage of predicted walking distance (~20%) at six-minute walking test during follow-up than ACTINTERMEDIATE. However,
hemodynamic and vascular variables, handgrip strength, five-time sit-to-stand, and timed-up and go were not different among
groups. Conclusion. ACTLOWER showed impaired ventilatory parameters and walking performance when compared with
ACTHIGHER and ACTINTERMEDIATE, respectively. These results suggest that previous levels of physical activity may impact
ventilatory and exercise capacity outcomes 30 to 45 days after COVID-19 hospitalization discharge.

1. Introduction

The pandemic of coronavirus disease 2019 (COVID-19) is a
public health emergency, with an unprecedented contagious
and mortality worldwide [1]. For example, over 28 million

cases and over 645 thousand deaths of COVID-19 have been
reported in Brazil (as of February 2022) [2]. At the regional
level, over 4 million cases and over 192 thousand hospitaliza-
tions were confirmed in São Paulo state [2]. In the city of
Bauru (São Paulo state, Brazil), there was over 80 thousand
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confirmed cases, with a mortality rate of 1.7% [2]. Although
most cases of COVID-19 are mild, nearly 20% of patients
requires hospitalization due to severe manifestations of
viral pneumonia, such as dyspnea and respiratory failure
[3]. COVID-19 can also cause several extrapulmonary
manifestations [4], including injuries in the liver, kidney,
heart, vessels, and other organs, mainly in hospitalized
patients [5]. The multiorgan injuries and the immobility/
isolation during hospitalization can negatively influence
posthospitalization recovery period, resulting in reduction
of physical fitness, which may negatively impact the func-
tional capacity [6]. In addition, administration of myotoxic
medications can promote deconditioning and muscle atro-
phy [7]. Indeed, skeletal muscle tissues exhibit robust
expression of angiotensin-2 converting enzyme [8]. Conse-
quently, skeletal muscle weakness, fatigue, and pain are
common symptoms of COVID-19 [9, 10].

Not surprisingly, a multitude of symptoms and abnor-
malities may persist for several weeks or months after the res-
olution of COVID-19 acute phase [11]. Previous studies have
reported several sequelae and/or persistent symptoms after
hospital discharge, such as respiratory (including serious
ones as pulmonary fibrosis) and cardiovascular (chest pain,
myocarditis, Postural Orthostatic Tachycardia Syndrome…)
disorders, physical deconditioning, fatigue, dyspnea, poly-
neuropathy and myopathy, dysphagia, arthralgia, cognitive
disturbances, and decline in quality of life [11, 12]. Studies
assessing factors that may influence and/or reduce long-
term consequences of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection are thus welcome.

Regular practice of physical activity (any bodily move-
ment produced by skeletal muscles that results in energy
expenditure) is robustly documented as a preventive and
therapeutic strategy for several chronic diseases, including
those associated with severe COVID-19 and its outcomes
[13, 14]. Additionally, regular physical activity improves sev-
eral parameters of immune function [15, 16]. In this context,
high levels of physical activity have been associated with a
lower risk of severe COVID-19 outcomes and mortality
[17–20]. Indeed, physical activity and functional capacity
are associated with lower complications and better recovery
to several clinical conditions [21, 22]. Thus, it is reasonable
to speculate that previous levels of physical activity may
affect COVID-19 sequelae and persistent symptoms.

It is important to note that post-COVID-19 sequelae will
potentially dominate medical practice for years [23]. Reha-
bilitation recommendations for pulmonary, cardiac, muscu-
loskeletal, neurological, and psychological sequelae should
be at the forefront of guiding care for the affected population
[23]. In middle-aged and older adults, mild to moderate
COVID-19 was significantly associated with worsening of
mobility and impairments in physical functioning outcomes,
even in the absence of hospitalization [24]. A possible reason
for these is that the integration and health of pulmonary,
cardiovascular, and musculoskeletal systems dictate individ-
ual’s functional capacity [25], and the multisystemic charac-
teristics of COVID-19 thus affect it negatively.

However, according to our knowledge, little is known
about the influence of previous levels of physical activity in

functional capacity and health status after COVID-19 hospi-
talization. This knowledge is important for a better under-
standing of the effects of COVID-19 on cardiovascular,
respiratory, and musculoskeletal systems, as well as for
predicting physical and functional prognostic after hospital-
ization discharge. Thus, the present prospective cohort study
was aimed at evaluating the possible influence of previous
levels of physical activity on hemodynamic, ventilatory,
and functional outcomes after COVID-19 hospitalization
discharge.

2. Methods

2.1. Population and Study Design. This is a prospective,
single-center, cohort study, nested whiting a clinical trial
(Brazilian Register of Clinical Trials identifier: RBR-9y32yy)
testing the acute and chronic cardiorespiratory and func-
tional capacity changes in individuals who were hospitalized
due to COVID-19. All participants were assessed in a hospi-
tal ward setting (clinical status, coexisting chronic diseases,
demographic characteristics, self-reported body weight and
height, ethnicity, hemodynamic, and physical activity status),
within 72 hours of admission and at 30 to 45 days after hos-
pital discharge (clinical status, hemodynamic and vascular
variables, pulmonary function, respiratory muscle strength,
and functional capacity). Clinical outcomes during hospital-
ization were also assessed through medical record.

Inclusion criteria included the following: (1) laboratory-
confirmed COVID-19 diagnosis, with SARS-CoV-2 detected
by reverse transcriptase-polymerase chain reaction (RT-
PCR) test; (2) stable hemodynamics with no use of vasoac-
tive drugs at hospital admission; and (3) Glasgow Coma
Scale score of 15 and breathing spontaneously at hospital
admission. Pregnant or lactating women, as well as partici-
pants with pacemakers, or who have absolute contraindica-
tions for physical activity/exercise (i.e., acute myocardial
infarction, unstable angina, uncontrolled cardiac arrhyth-
mias, symptomatic severe aortic stenosis, uncontrolled
symptomatic heart failure, acute pulmonary embolism/pul-
monary infarction, acute myocarditis/pericarditis, or acute
aortic dissection) at follow-up evaluation were not included.
One-hundred and twenty-one consecutive individuals
hospitalized due to suspected COVID-19 at the Hospital
State of Bauru (São Paulo state, Brazil), from July 2020 to
February 2021, accepted to participate in the study. Thirteen
individuals were not included due to negative RT-PCR test.
Three individuals were also not included for not matching
inclusion criteria at follow-up analysis, and 42 individuals
were lost to follow-up due to different reasons. Thus, 63
individuals underwent baseline and follow-up assessments
and were included in final analysis. Participants were then
allocated to lower levels of physical activity (ACTLOWER;
N = 22), intermediate levels of physical activity (ACTINTER-

MEDIATE; N = 22), or higher levels of physical activity
(ACTHIGHER; N = 19) groups, according to tertiles of phys-
ical activity measured at hospital admission. The assessed
variables were compared among groups (Figure 1). Study
procedures were approved by the Research Ethics Com-
mittee at School of Sciences of São Paulo State University
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(CAAE: 32134720.4.1001.5398). All participants received a
detailed description of the study and provided their writ-
ten informed consent before enrollment in the study.

2.2. Clinical Assessment. Baseline assessments included a
bedside clinical anamnesis and physical examination (within
72 hours of hospital admission) to obtain demographic char-
acteristics, detailed history of disease with time since first
symptoms, comorbidities, and use of oxygen therapy.
Follow-up clinical assessment included an ambulatory (30
to 45 days after hospital discharge) anamnesis to obtain per-
sistent symptoms and body weight and height measure-
ments (Ramuza™ anthropometric scale; Ramuza Indústria
e Comércio de Balanças Ltda., Santana do Parnaíba-SP, Bra-
zil). Body mass index (BMI) was calculated as weight/height2

(kg/m2), and patients were classified into normal weight
(BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2),
and obesity (BMI ≥ 30:0 kg/m2) [26]. Current smokers were

defined as patients who were smoking at the time of study or
had stopped smoking during the last month prior to the
study. Vital signs such as body temperature (Medior infrared
thermometer model MD-33520, Zhejiang Mondial Elec-
tronic Technology Co., Ltd., Taizhou, Zhejiang, China),
respiratory rate, blood pressure (Omron HEM 7200™,
Omron Healthcare Inc., Dalian, China), heart rate (Polar™
H10 heart rate sensor; Polar Electro Inc, Kempele, Finland),
and pulse oxygen saturation (SpO2) (G-Tech™ Led finger
oximeter; Accumed Produtos Médico Hospitalares Ltda.,
Duque de Caxias-RJ, Brazil) were assessed at rest, both at
baseline and during follow-up.

2.3. Levels of Physical Activity. Levels of physical activity
were assessed at baseline, during clinical anamnesis, by
Baecke Questionnaire of Habitual Physical Activity previ-
ously validated to the Brazilian population [27]. Briefly,
the questionnaire assessed levels of physical activity in

ACTintermediate (N=22)

Enrollment Assessed for eligibility (N =121) 

In hospital assessment
(within 72 h of admission)

■ Demographic characteristics
■ Bed-side clinical anamnesis
■ Vital signs
■ Previous level of physical activity

Not included (N=16)
■ Negative RT-PCR (N=13)
■ Hemodynamic instability (N=2)
■ Age>80 yrs. (N=1)

Lost to follow-up (N=42)
■ Death (N=6)
■ Post-operatory (N=1)
■ Declined to participate (N=33)
■ Did not answered the phone calls 

(N=2)

ACTlower (N=22) ACThigher (N=19)

Follow-up assessment
(30 to 45 days after hospital discharge)

■ Clinical status
■ Hemodynamic and vascular variables
■ Pulmonary function and respiratory 

muscle strength
■ Functional capacity

Follow-up

Analysis Assessed (N=63) 

Physical activity level Allocation

Figure 1: Flowchart of the study recruitment. RT-PCR: Reverse transcriptase-polymerase chain reaction; ACTLOWER: Lower levels of
physical activity group; ACTINTERMEDIATE: Intermediate levels of physical activity group; ACTHIGHER: Higher levels of physical activity
group.
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the past 12 months through three dimensions: occupa-
tional (8 questions), sport and physical exercises in leisure
(4 questions), and leisure-time (4 questions) physical activ-
ity. Scores in each dimension range on a five-point Likert
scale (from never to always), generating scores from 1 to
5, where higher scores indicate a higher physical activity
level. A total activity index was obtained by summing all
scores (maximum score = 15), which was used to allocate
participants in the three groups.

2.4. Arterial Stiffness and Central Pressure. Arterial stiffness
and central pressure were assessed during follow-up, after
clinical assessment, using a noninvasive automatic device
(Complior Analyse™ PWV and Central Pressure Analysis ™;
Alam Medical, Saint-Quentin-Fallavier, France), as previ-
ously described [28]. Briefly, with the participants at rest
in supine position, common carotid and femoral arteries
pressure waveforms were recorded noninvasively using a
pressure-sensitive transducer. The distance between the
recording sites (D) was measured in a straight line with a flex-
ible meter and inserted in the equipment’s software before
waveforms measurements. Carotid-femoral pulse-wave
velocity (PWV, calculated as PWV =D/t, where (t) means
pulse transit time), augmentation index (AIx, ratio of aug-
mentation pressure expressed as the difference between the
second and first pressure peaks in the pulse wave), and cen-
tral pressure (assessed directly from the carotid pressure
waveform, using mean and diastolic pressures to calibrate
the carotid signal) were automatically calculated. Pressure
waveforms were measured during 10 to 15 cardiac cycles,
and the mean was used for the final analysis. All measure-
ments were performed by an experienced observer that was
blinded to participants’ group assignment.

2.5. Endothelial Function. The endothelium-dependent
function was assessed, after arterial stiffness/central pres-
sure assessment, using the noninvasive and standardized
method of flow-mediated dilation (FMD) [29]. An ultra-
sound device (SonoSite M-Turbo™; Fujifilm Inc., Bothell,
Washington, USA) was used to evaluate blood flow veloc-
ity and brachial artery diameter, which were recorded con-
tinuously for 1 minute precuff inflation and 3 minutes
postcuff release during hyperemia. All assessments were
performed by an experienced operator (blinded to partici-
pants’ group assignment) with more than 100 scans/year,
which is suggested to maintain competency with the
FMD method [30]. The recommendations for individuals’
preparation, technique execution and data acquisition were
respected [30]. Doppler blood flow and artery diameter
analyses in B-mode video images were performed using
an edge-detection and wall tracking software (Brachial
Analyzer for Research, Medical Imaging Applications,
Coralville, Iowa, USA). The endothelial function was
determined by the following formula: FMD ð%Þ = ðpeak
diameter – baseline diameterÞ/baseline diameter × 100 [31].

2.6. Pulmonary Function Testing and Respiratory Muscle
Strength. The pulmonary function testing (spirometry) was
performed without bronchodilator and using a calibrated

and validated portable spirometer (SpiroPro®, Jaeger, Höch-
berg, Germany), as previously described [28]. Forced vital
capacity, forced expiratory volume in one second (FEV1),
and peak expiratory flow were obtained by asking to the
individual an inspiration until total lung capacity and a
quick and intense expiration for at least 6 seconds. At least
three trials were performed, and the largest values of forced
vital capacity and FEV1 were determined. All maneuvers
were checked for acceptability and reproducibility criteria
[32]. Absolute forced vital capacity and FEV1 were adjusted
to predicted values according to the Brazilian Guidelines for
Pulmonary Function Testing [33]. Maximal voluntary venti-
lation was calculated indirectly using the formula: 37:5 ×
FEV1 + 15:8 [33].

Respiratory muscle strength was measured by analog
manovacuometer (Commercial Médica™, São Paulo-SP,
Brazil). The maximal inspiratory pressure was measured
with scale of ±120 cm H2O, from residual volume up to
the total lung capacity. The maximal expiratory pressure
was measured from the total lung capacity, with the patient
being instructed to fully inhale and exhale with maximum
effort. At least three consecutive trials were carried out, with
an interval of one minute between them. The value consid-
ered was the highest among the three measurements (except
if it was the last) [34]. These variables were measured during
follow-up, after pulmonary function testing, with partici-
pants at seated position.

2.7. Functional Capacity–Different Aspects of Functional
Capabilities. Functional capacity was assessed through mus-
cle strength (handgrip strength), functional tests [five-time
sit-to-stand (FTSTS) and timed-up and go (TUG)], and
walking performance [six-minute walking test (6MWT)],
as previously described [28] and briefly detailed below.

Handgrip strength: handgrip strength was measured dur-
ing follow-up (after pulmonary function assessment), using
a hydraulic dynamometer (Jamar™; Bolingbrook, Illinois,
USA). To perform the measurement, the patient was at
seated position, with the elbow flexed at 90 degrees and wrist
in neutral. Three measures were performed for each hand,
and the greater of the two averaged values was recorded as
the final grip strength value [35].

FTSTS: lower limb muscle strength/power was measured
during follow-up, after handgrip strength assessment, by the
FTSTS test, as previously described [36].

TUG: balance/agility was measured during follow-
up, after FTSTS test, by the TUG test, as previously
described [36].

6MWT: the 6MWT was performed during follow-up,
after TUG test, on a 30m length flat surface, using cones
and measure tape to mark the ground [37], and following
the recommendations of the European Respiratory Society/
American Thoracic Society [38]. Blood pressure (Omron
HEM 7200™, Omron Healthcare Inc., Dalian, China) was
measured before, immediately after, and after 2min of
recovery. Heart rate (Polar™ H10 heart rate sensor; Polar
Electro Inc, Kempele, Finland) and SpO2 (G-Tech™ Led fin-
ger oximeter; Accumed Produtos Médico Hospitalares Ltda.,
Duque de Caxias-RJ, Brazil) were measured before, every
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2min of exercise (2, 4, and 6min), and at 1min of recovery.
The average of heart rate and SpO2 measured every 2min of
exercise was considered exercise heart rate and exercise
SpO2, respectively. Absolute (total distance walked during
test) and relative (percentage of predicted distance) [39]
values were used to assess walking performance. The preva-
lence of partial oxygen desaturation during the exercise
phase was measured as a reduction ≤4% in SpO2 during
any moment of walking when compared to preexercise
levels.

2.8. Statistical Analysis. Data are reported as mean (95%
confidence interval). Data normality and homoscedasticity
were tested using Shapiro-Wilk and Leveneʼs tests, respec-
tively. Chi-square was used to indicate difference among
groups in categorical variables. One-way ANOVA and Krus-
kal Wallis were used to indicate differences among groups in
normally distributed and nonnormally distributed variables,
respectively. The Bonferroni and Dunn’s post hoc analyses
were used to identify significant differences indicated by
one-way ANOVA and Kruskal Wallis, respectively. Statisti-
cal software SPSS 17.0™ (SPSS Inc., Chicago, IL, USA) was
used to perform the statistical analyses. The level of signifi-
cance was set at P < 0:05.

3. Results

The clinical characteristics and detailed description of the
groups at baseline are presented in Table 1. Total, occupa-
tional, sport, and leisure levels of physical activity were
significantly different among groups (P < 0:001). There was
no significant difference among the groups for almost all
other variables at baseline. Exception for age and hyperten-
sion prevalence, with the ACTHIGHER being younger than
ACTLOWER (~11 years, P = 0:01), and with lower prevalence
of hypertension in ACTHIGHER (26%) than both ACTLOWER
(64%) and ACTINTERMEDIATE (55%).

During follow-up, 83% of the participants had at least
one persistent symptom of COVID-19, with no significant
difference among the groups (Table 2). The six most
frequent COVID-19-related persistent symptoms were
fatigue (68%), dyspnea (40%), cough (25%), myalgia (22%),
headache (19%), and chest pain (16%). Resting cardiovascu-
lar (brachial and central blood pressure and heart rate and
arterial stiffness) and respiratory parameters (respiratory
rate and SpO2) were not different among groups and were
within normal ranges. FMD was also not different among
groups. Absolute levels of forced vital capacity, FEV1, and
maximal voluntary ventilation were lower (P < 0:05) in the
ACTLOWER than in the ACTHIGHER (forced vital capacity:
~23%, P = 0:022; FEV1: ~24%, P = 0:017; maximal voluntary
ventilation: ~21%, P = 0:017). However, relative levels (% of
predicted) of forced vital capacity and FEV1 were not differ-
ent among the groups. Absolute levels of maximal inspira-
tory pressure were lower in the ACTLOWER than in the
ACTHIGHER (~31%, P = 0:035), and absolute levels of maxi-
mal expiratory pressure were lower in the ACTLOWER than
in the ACTHIGHER (~34%, P = 0:017) and tended to be lower
in the ACTINTERMEDIATE than in the ACTHIGHER (~26%,

P = 0:074). However, only relative levels (% of predicted)
of maximal expiratory pressure were significant different
among the groups, where lower levels were found in the
ACTLOWER than in the ACTHIGHER (~26%, P = 0:044).

Performance and physiological response to 6MWT were
also different among groups during follow-up. ACTLOWER
had lower walking distance (~21%, P = 0:023) and lower
percentage of predicted walking distance (~20%, P = 0:023)
than ACTINTERMEDIATE (Figures 2(a) and 2(b)). Preexercise
heart rate, blood pressure, and SpO2, as well as blood
pressure response during exercise and recovery were not sig-
nificantly different among groups (Figures 2(c)–2(e)). How-
ever, it was found a tendency toward lower heart rate during
exercise (~17 bpm, P = 0:06) and recovery (~11 bpm, P =
0:062) in the ACTLOWER than in the ACTINTERMEDIATE
(Figure 2(c)), as well as a tendency toward lower exercise
SpO2 (~4%, P = 0:075) in the ACTLOWER than in the
ACTHIGHER (Figure 2(e)). Although the ACTLOWER showed
lower walking distance (~16%), percentage of predicted
walking distance (~12%), exercise heart rate (~13 bpm),
and recover heart rate (~8 bpm) than the ACTHIGHER, these
differences were not statistically different. The same
occurred with the exercise SpO2, where the lower levels
(~3%) observed in the ACTLOWER than in the ACTINTER-

MEDIATE were not statistically different. The prevalence of
partial oxygen desaturation during the exercise phase of
6MWT was higher in the ACTLOWER (41%), followed by
the ACTINTERMEDIATE (32%) and ACTHIGHER (16%),
respectively. However, these differences were not statistically
different (P = 0:211). There were no significant differences
among groups in handgrip strength, TUG, and FTSTS dur-
ing follow-up (Figure 3).

4. Discussion

COVID-19 results in a broad array of pulmonary and extra-
pulmonary clinical manifestations with functional capacity
impairment (e.g., mobility decline, reduced exercise toler-
ance, lung damage, circulatory limitation, muscle weakness,
and myopathy) [40–42]. Previous studies have shown that
high levels of physical activity are associated with a lower
risk of acute severe COVID-19 outcomes (i.e., hospitaliza-
tion, ICU admission, IMV, cardiovascular events…) and
mortality [16–20]. However, to our knowledge, this is the
first prospective cohort study assessing the role of previous
levels of physical activity on cardiovascular, ventilatory,
and functional outcomes after COVID-19 hospitalization
discharge.

The present study showed that absolute levels of forced
vital capacity, FEV1, maximal voluntary ventilation and
maximal inspiratory pressure, as well as absolute and relative
levels of maximal expiratory pressure were lower in the
ACTLOWER than in the ACTHIGHER. In addition, ACTLOWER
also showed lower 6MWT distance and percentage of pre-
dicted 6MWT distance than ACTINTERMEDIATE. Indeed, a
tendency toward lower exercise and recovery heart rate in
the ACTLOWER than in the ACTINTERMEDIATE, as well as a
tendency toward lower exercise SpO2 in the ACTLOWER than
in the ACTHIGHER were also found during follow-up. On the
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other hand, resting respiratory, hemodynamic, vascular, and
functional (FTSTS and TUG) parameters were not different
among the groups during follow-up.

The participants’ respiratory variables at rest were not
different among the groups and were whiting normal clinical
parameters during follow-up (Table 2). Compared with
baseline, all groups increased SpO2 (~3.5%) and decreased
respiratory rate (~5.6 bpm). Resting hemodynamic and vas-
cular variables were also within normal limits and were not
different among the groups, suggesting that the previous
levels of physical activity did not affect resting respiratory,
hemodynamic, and vascular parameters 30 to 45 after hospi-
tal discharge. However, although the parameters were not
significantly different among the groups, ACTHIGHER pre-
sented lower levels of brachial and central blood pressures,
and pulse-wave velocity (Table 2), which is probably due
to the lower prevalence of hypertension in this group.

Previous longitudinal study showed that increases in
systemic inflammation are associated with declines in lung
function [43]. Individuals with severe COVID-19 have
presented a cytokine storm [44], independently if admitted

or not admitted to the intensive care unit during hospital-
ization. The inflammatory response and accumulation of
proinflammatory cytokines may contribute to muscle wast-
ing by stimulating protein catabolism, affecting respiratory
muscles, and potentially contributing to impaired pulmo-
nary function [45]. Thus, a reduction in respiratory vari-
ables may be expected in individuals hospitalized due to
COVID-19 and may be referred as symptoms of fatigue
and weakness in the postacute phase. These are the most
prevalent persistent symptoms with 64% to 68% of preva-
lence [46–48], which is in line with the 68% of fatigue
prevalence we found during follow-up, which were not
significantly different among the groups.

We found normal levels of FEV1/FVC ratio (>80%) in
all groups during follow-up. However, there were signifi-
cant differences between ACTLOWER and ACTHIGHER in
several spirometry parameters. Absolute levels of FEV1
(~24%), forced vital capacity (~23%), and maximal volun-
tary ventilation (~21%) were lower in the ACTLOWER than
in the ACTHIGHER. FEV1 and forced vital capacity are
parameters associated with restrictive ventilatory disorders

Table 1: Participants’ characteristics at baseline.

Variables
Physical activity groups (tertile)

P
Lower (N = 22) Intermediate (N = 22) Higher (N = 19)

Age (yr) 58 (53–62) 52 (47–57) 47 (41–53)∗ 0.013

Gender (male/female) 8/14 10/12 10/9 0.575

Race (N , white/black/mixed/indigenous) 17/4/0/1 17/3/1/1 11/4/4/0 0.233

BMI (kg/m2) 34.3 (30.9–37.7) 32.8 (30.2–35.4) 32.4 (28.8–35.9) 0.638

Tabagism (N , never/current/former) 7/1/4 16/2/4 15/2/2 0.900

Comorbidities [N (%)] 16 (73) 15 (68) 10 (53) 0.376

CVD [N (%)] 5 (23) 5 (23) 1 (5) 0.099

DM [N (%)] 6 (27) 4 (18) 1 (5) 0.179

Dyslipidemia [N (%)] 2 (9) 2 (9) 1 (5) 0.875

Hypertension [N (%)] 14 (64) 12 (55) 5 (26) 0.048

Hypothyroidism [N (%)] 4 (19) 2 (9) 0 (0) 0.141

Obesity [N (%)] 16 (73) 14 (64) 13 (68) 0.811

Respiratory disease [N (%)] 4 (18) 2 (9) 2 (11) 0.626

Other diseases [N (%)] 5 (23) 5 (23) 2 (11) 0.527

Hospital stays (days) 7.8 (5.7–9.9) 7.9 (5.2–10.7) 5.3 (4.1–6.4) 0.083

Adverse events [N (%)] 5 (23) 2 (9) 1 (5) 0.202

ICU admission [N (%)] 4 (18) 2 (9) 1 (5) 0.394

IMV [N (%)] 0 (0) 2 (9) 0 (0) 0.146

Cardiovascular events [N (%)] 2 (9) 0 (0) 0 (0) 0.146

Non-cardiovascular events [N (%)] 1 (5) 1 (5) 0 (0) 0.640

Physical activity levels

Total 5.8 (5.5–6.1) 7.2 (7.1–7.5)∗∗ 8.9 (8.6–9.3)† < 0.001

Occupational 2.4 (2.1–2.8) 2.8 (2.6–3.1)∗∗ 3.4 (3.0–3.7)† 0.001

Sport 1.9 (1.7–2.1) 2.3 (2.0–2.7)∗∗ 2.7 (2.5–3.0)† < 0.001

Leisure 1.6 (1.5–1.8) 2.1 (1.9–2.3)∗∗ 3.1 (2.8–3.4)† < 0.001

Ordinal data are presented as mean (95% confidence interval). BMI: Body mass index; CVD: Cardiovascular disease; DM: Diabetes mellitus; ICU: Intensive
care unit; IMV: Invasive mechanical ventilation. Asterisk denotes significant difference from lower physical activity group ð∗P = 0:01; ∗∗P < 0:001Þ; dagger
denotes significant difference from lower and intermediate physical activity groups (P < 0:001).
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that may be caused by several factors such as alterations in
lung parenchyma, pleura, chest wall, or neuromuscular
apparatus [49]. In our study, patients in the ACTLOWER and
ACTHIGHER did not require mechanical ventilation during
hospitalization. According to a recent study, patients with
moderate or severe COVID-19 mainly developed mild-to-
severe pulmonary fibrosis, and the severe lung inflammation
(IL-6 levels in the acute stage) has been associated with more
extensive and severe residual pulmonary fibrosis [50]. A good
finding was that chest high-resolution computed tomogra-
phy showed that the affected area was significantly improved
30 days after discharge compared with at discharge [50]. We
did not assess IL-6 levels at the acute stage or chest high-
resolution computed tomography at the follow-up. Further-
more, the age difference between the ACTLOWER and
ACTHIGHER may be a confounding factor.

On the other hand, a study assessing the association of
physical activity with pulmonary function in adults found
that physically active individuals showed higher levels of
forced vital capacity and FEV1 than physically inactive indi-
viduals [51]. Endurance-trained individuals had greater
maximal voluntary ventilation, which is an adaptation to
maintain a greater and prolonged ventilation for meeting
the gas exchange demands of exercise [52]. Thus, it is possi-
ble that the present lower spirometry parameters in the
ACTLOWER than in the ACTHIGHER is a consequence of the
previous levels of physical activity, suggesting that lower pre-
vious levels of physical activity can make the patients more
susceptible to complications after COVID-19 hospitalization
discharge.

Previous study assessing 379 patients after 4 months of
COVID-19 hospitalization found a decreased respiratory

Table 2: Clinical, hemodynamic and respiratory variables during follow-up.

Variables
Physical activity groups (tertile)

P
Lower (N = 22) Intermediate (N = 22) Higher (N = 19)

Days after hospital discharge 38 (34–41) 37 (33–40) 35 (33–38) 0.608

Persistent symptoms [N (%)] 18 (82) 18 (82) 16 (84) 0.974

Heart rate (bpm) 76 (70–81) 85 (78–92) 79 (71–86) 0.110

SpO2 (%) 96 (95–97) 97 (96–97) 96 (96–97) 0.444

Respiratory rate (bpm) 17 (15–19) 17 (15–19) 15 (13–17) 0.131

Brachial blood pressure

Systolic (mmHg) 135 (124–146) 129 (122–137) 122 (115–129) 0.114

Diastolic (mmHg) 80 (74–87) 84 (79–89) 76 (71–81) 0.145

Central blood pressure

Systolic (mmHg) 129 (116–141) 122 (111–133) 114 (107–120) 0.146

Diastolic (mmHg) 80 (73–86) 83 (78–88) 77 (72–82) 0.275

Arterial stiffness

Pulse-wave velocity (m/s) 9.2 (8.0–10.4) 8.5 (7.8–9.2) 7.8 (6.8–9.0) 0.167

Aix 15.2 (8.1–22.3) 12.9 (5.0–20.1) 13.6 (5.2–22.0) 0.903

Vascular measures

FMD (mm) 0.25 (0.21–0.28) 0.26 (0.23–0.30) 0.29 (0.21–0.36) 0.509

FMD relative (%) 5.69 (4.68–6.70) 6.43 (5.35–7.50) 6.55 (5.02–8.08) 0.515

Pulmonary function

Forced vital capacity (l) 3.11 (2.68–3.54) 3.52 (3.13–3.91) 4.08 (3.38–4.78)∗ 0.026

Forced vital capacity relative (% predicted) 91 (83–99) 99 (91–107) 103 (91–114) 0.158

FEV1 (l) 2.56 (2.24–2.89) 2.95 (2.66–3.23) 3.37 (2.76–3.98)∗ 0.021

FEV1 relative (% predicted) 95 (86–104) 103 (94–111) 103 (91–116) 0.403

FEV1/forced vital capacity (l) 84 (79–88) 84 (82–87) 82 (78–86) 0.641

Maximal voluntary ventilation (l) 112 (100–124) 126 (115–137) 142 (119–165)∗ 0.022

Peak expiratory flow (l/s) 5.27 (4.19–6.36) 7.13 (5.83–8.43) 7.07 (5.47–8.67) 0.066

Maximal inspiratory pressure (cmH2O) 53 (41–65) 69 (57–80) 77 (60–94)∗ 0.034

Maximal inspiratory pressure relative (% predicted) 54 (43–65) 67 (59–75) 70 (56–85) 0.094

Maximal expiratory pressure (cmH2O) 53 (40–67) 59 (46–71) 80 (66–94)∗° 0.015

Maximal expiratory pressure relative (% predicted) 54 (43–66) 57 (48–66) 73 (61–84)∗ 0.032

Ordinal data are presented as mean (95% confidence Interval). FEV1: Forced expiratory volume in the first second; SpO2: Peripheral oxygen saturation.
Asterisk denotes significant difference from lower physical activity group (∗P < 0:05). Circle denotes tendency toward difference from intermediate
physical activity group (°P = 0:074).
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muscle strength, with the participants showing relative max-
imal inspiratory and expiratory pressures at 58% and 79% of
predicted levels, respectively [53]. ,Our findings also showed
decreased respiratory muscle strength in all groups (relative
maximal inspiratory and expiratory pressures below 80% of
predicted levels). The possible reasons for these decreased
respiratory muscle strength after hospital discharge include
(a) deconditioning as a result of immobility during hospital
stay; (b) indirect damage to musculoskeletal tissue, including
respiratory muscles [54]; (c) direct damage to diaphragmatic
myofibers as a result of viral invasion via angiotensin-2 con-
verting enzyme [55]; and (d) limited physical activity sec-
ondary to social distancing and lockdown [56]. However, it
is important to note that the relative maximum expiratory
pressure was ~26% lower in the ACTLOWER than in the
ACTHIGHER in the present study, suggesting that a previous

higher level of physical activity may be a better predictor of
respiratory muscle strength, despite of the above-mentioned
interferences.

Although there are several gaps regarding the knowledge
about exercise capacity and health status post-COVID-19
hospitalization, several studies have suggested an important
impact of physical activity levels and COVID-19 disease out-
comes [17–20]. In addition, the previous experience with
SARS, a severe viral respiratory syndrome similar to
COVID-19, showed that patients who contracted this
pathology had variables degrees of cardiorespiratory, quality
of life, and muscle performance abnormalities after 1-year of
follow-up. Indeed, 23.7% showed a reduction in exercise
capacity even one year after hospital discharge, when com-
pared to the predicted levels for healthy individuals at same
age [57]. In the present study, we found lower levels of
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6MWT distance (~21%) and percentage of predicted 6MWT
distance (~20%) in the ACTLOWER than in the ACTINTER-

MEDIATE during follow-up. Indeed, the lower levels of
6MWT distance (~16%) and percentage of predicted
6MWT distance (~12%) in the ACTLOWER than in the
ACTHIGHER deserve attention, despite of the absence of sta-
tistically significance. Interestingly, higher muscle strength
and respiratory function did not result in significant
6MWT distance in the ACTHIGHER. One possible explana-
tion may be the multisystemic characteristic of COVID-19.
The performance of functional tests requires the integration
of multiple physiologic systems and may not be affected only
by the respiratory system. The combined effect of detraining
and COVID-19 sequelae may influence the capacity to per-
form exercise [58], and both respiratory and leg muscles are
vulnerable to a wide range of systemic disorders that can lead
to impaired strength and mobility [59]. Another important
point to be considered is our small sample size.

It is also important to note that we found a tendency
toward lower exercise and recovery heart rate in the
ACTLOWER than in the ACTINTERMEDIATE, as well as a ten-
dency toward lower exercise SpO2 in the ACTLOWER than
in the ACTHIGHER during follow-up. Interestingly, the prev-
alence of partial oxygen desaturation during the exercise
phase of 6MWT was not statistically different among the
groups (P = 0:211), it was also higher in ACTLOWER (41%)
than both ACTINTERMEDIATE (32%) and ACTHIGHER
(16%). These findings suggest that the previous lower levels
of physical activity may result in worse exercise capacity
during COVID-19 recovery and consequently make the
patient more susceptible to complications.

Previous study with survivors from COVID-19 pneumo-
nia showed that reduced oxygen content and extraction sec-
ondary to anemia and myopathic changes, rather than
respiratory, pulmonary, vascular, or cardiac impairments,

were the main contributors to reduced exercise capacity
on the day before hospital discharge [7]. In line with the
role of peripheral factors on exercise capacity, fatigue or
muscle weakness was the most common persistent symp-
toms (63%) after 6 months COVID-19 onset [60]. In this
context, it is possible that a suboptimal oxygen extraction
may be associated with the lower 6MWT walking distance
and percentage of predicted distance found in the
ACTLOWER. It has been suggested that the combined effect
of detraining and COVID-19 symptoms may influence the
arousal of postviral fatigue syndrome, thus influencing the
capacities to perform exercise [58]. According to the pres-
ent findings, the previous level of physical activity is also
an important factor affecting exercise capacity 30 to 45
days after COVID-19 hospitalization discharge. Therefore,
it is reasonable to suggest that the practice of physical
activity should be intensified during COVID-19 pandemic,
for both general population and individuals recovering
from COVID-19, as a measure of reducing the risk of pul-
monary and exercise capacity abnormalities.

Finally, our study has some limitations. First, the small
sample size in each group does not warrant similar results
in other COVID-19 populations, mainly those with higher
prevalence of comorbidities. Second, we assessed individuals
that were hospitalized in a single hospital and that were in
the first infection and not vaccinated. In addition, until the
end of data collection, there was no record of circulation of
viral variants in the participating hospital. These factors
may limit extrapolations to other healthcare settings,
patients that are vaccinated or at second infection, as well
as infected for recent variants. Third, we also did not assess
biomarkers at the follow-up, which can be used to quantify
immunologic dysfunction and cardiovascular risk. There-
fore, we were unable to determine whether exercise capacity
was impaired only due to abnormalities in cardiorespiratory
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and muscle performance, or also by a dysregulation in
inflammatory or immune responses.

5. Conclusions

ACTLOWER showed impaired ventilatory and walking perfor-
mance 30 to 45 days after hospital discharge due to COVID-
19 hospitalization, when compared with ACTHIGHER and
ACTINTERMEDIATE, respectively. However, resting respira-
tory, hemodynamic, vascular, and functional (FTSTS and
TUG) parameters were not different among the groups dur-
ing follow-up. Future studies assessing the long-term impact
of previous levels of physical activity on ventilatory and exer-
cise capacity outcomes, as well as its clinical consequences,
are welcome.

Data Availability

The data used to support the findings of this study are avail-
able through the corresponding author upon reasonable
request.

Additional Points

Highlights. (i) Previous levels of physical activity were not
associated with resting heart rate, resting blood pressure
(brachial and central), arterial stiffness, endothelial function,
handgrip strength, and five-time sit-to-stand and timed-up
and go performance. (ii) Individuals in the lowest tertile of
physical activity showed impaired forced vital capacity,
forced expiratory volume in the first second, and maximal
expiratory pressure and walking performance, when com-
pared with individuals in the higher and intermediate tertiles
of physical activity. (iii) Previous levels of physical activity
appear to impact ventilatory and walking performance out-
comes 30 to 45 days after COVID-19 hospitalization
discharge
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