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Abstract
The purpose of this study was to verify the influence of physical activity level on the length of hospital stay in older men 
recovered from COVID-19. In total, 126 older men diagnosed with COVID-19 were admitted to the hospital between Sep-
tember and December 2020. Among them, 70 survived, of which 39 older men were included in the study. Within 30 days 
after discharge, patients answered the International Physical Activity Questionnaire to measure their physical activity level 
through phone contact, with questions corresponding to the week before symptom onset. Clinical and laboratorial data from 
admission, days between onset of symptoms and admission, length of stay, computed tomography abnormalities, and the 
need for the intensive care unit were collected. The groups (active × sedentary) were compared using the Student t test or 
Mann–Whitney test for quantitative data and chi-square test was used for categorical data. There is no difference between 
the groups in characteristics of admission (p > 0.05), except by potassium level. Active older men had a shorter length of 
stay (6.50 ± 3.46 vs 11.48 ± 7.63 days; p = 0.03), disease duration (15.71 ± 4.84 vs 21.09 ± 7.69 days; p = 0.02), and lower 
frequency of lung damage when compared to their sedentary counterparts. In conclusion, being physically active prior to 
infection can attenuate length of hospital stay in older men with COVID-19.

Keywords  Hospitalization · Exercise · Aging · Coronavirus · Questionnaire

Introduction

Novel Coronavirus (SARS-CoV-2), which causes the sys-
temic disease COVID-19, has become a major public health 
problem around the world, since the outbreak in Wuhan, 
China, in December 2019. In March 2022, almost two years 
later, approximately 6 million people died from this disease 
around the world. Concomitantly, several studies were devel-
oped to understand the disease, risk factors, and prognostic 
indices [1, 2].

In general, COVID-19 is an acute curable disease with a 
mortality rate of about 2%. The risk of mortality increases 
for adults over 60 years and people diagnosed with chronic 
diseases [1]. When severe, COVID-19 causes massive alveo-
lar damage and progressive respiratory failure, which can 
lead to acute respiratory distress syndrome (ARDS), very 
similar to another coronavirus pneumonia, such as acute 
respiratory syndrome [3].

People with severe symptoms of the disease may present 
functional declines at the cardiorespiratory level, requiring 
hospitalization, in a clinical bed or intensive care unit (ICU) 
for days, weeks, or months, as well as requiring the use of 
invasive mechanical ventilation (to reestablish respiratory 
function), especially in the presence of ARDS [1].

Several measures to protect and contain the number of 
cases have been imposed, mainly social distancing [4]. How-
ever, social distancing can induce a relevant physical activ-
ity level decline, which increases sedentary behavior and 
the resulting negative health consequences [5–7]. In addi-
tion, before the COVID-19 outbreak and social distancing 
measures, there was already a high prevalence of sedentary 
behavior in Brazil and in the world [8].
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Previous studies have shown that physically active peo-
ple have a lower risk of cardiorespiratory disease [9] and 
low-grade inflammation [10]. Furthermore, physically active 
people have a lower incidence and days of duration of viral 
infections [11]. Regular exercise induces antiatherogenic 
adaptations, increases insulin sensitivity, improves cardiac 
autonomic activation, and improves immune function. Some 
of these benefits are provided through the release of muscle-
derived myokines during exercise, although all mechanisms 
are not completely understood [11–13].

Some conditions are related to a greater risk of develop-
ing critical disease, mostly older age, obesity, and/or previ-
ous comorbidities [14, 15], which could determine a greater 
length of stay in hospital. Similarly, laboratory examinations 
and clinical features on admission are related to severe cases 
[16, 17]. Furthermore, some studies that have investigated 
the relationship of physical activity and COVID-19 out-
comes, and they showed greater risk of hospitalization and/
or severe cases in sedentary people when compared to physi-
cally active [18–20], but among hospitalized patients, the 
benefits were not observed [21]. Nevertheless, an association 
between physical activity level and COVID-19 outcomes 
could be showed in stratify group, especially in individuals 
with a higher risk, such as elderly men.

However, to our knowledge, there are no data on whether 
a higher physical activity level in older men who were 
infected with COVID-19 and needed hospital admission 
is related to faster recovery compared to sedentary older 
men. Therefore, the purpose of this study was to verify the 

influence of physical activity level and length of stay in older 
men recovered from COVID-19.

Materials and methods

Subjects

This is a descriptive, cross-sectional and quantitative study. 
Older men diagnosed with COVID-19 who were admitted to 
clinical or intensive care units at the University Hospital of 
the State University of Ponta Grossa (HU-UEPG) between 
September and December 2020 participated in the study. 
Therefore, 126 men over 60 years were admitted to HU-
UEPG after being diagnosed with COVID-19 by quantitative 
PCR viral test (qPCR) or blood test (serology) and remained 
hospitalized for at least one day. The exclusion criteria were: 
(1) patients who died, (2) with cognitive impairment or dis-
eases, (3) with memory disturbances, and (4) with absence 
of phone contact after six unsuccessful calls within 30 days.

Among the 126 older men admitted, 87 were excluded (56 
died, 25 due to absence of phone contact, 3 due to inability 
to answer questions, and 3 refused to participate) (Fig. 1). At 
the end, 39 older men were included in the study.

The procedures were approved by Human Research Eth-
ics Committee of State University of Ponta Grossa (protocol: 
40051120.8.0000.0105) and all participants were informed 
about the aim and study protocols and signed an informed 
consent form.

Fig. 1   Flowchart of study 
design
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Study design

Within 30 days after discharge, the patients answered a 
physical activity level questionnaire through phone contact. 
During the phone contact, the patients were asked to answer 
International Physical Activity Questionnaire (IPAQ) ques-
tions corresponding to the week before their COVID-19 
symptoms began. Furthermore, clinical data and laborato-
rial results from hospital admission, days between onset of 
symptoms and admission, length of stay, computed tomog-
raphy (CT) abnormalities, and the necessity for an ICU stay 
were collected.

IPAQ

The instrument used to assess the practice of physical activ-
ity before the hospitalization period was the IPAQ Long-
Portuguese version, validated for Brazilians [22]. However, 
only Sections 2 (transport) and 4 (leisure) were used, to 
avoid overestimating physical activity level [23]. Follow-
ing the script previously established and adapted for phone 
contact, all patients answered questions corresponding to 
the week before their COVID-19 symptoms began, to col-
lect data from a regular week. Subsequently patients were 
classified and separated into two groups: active (≥ 150 min.
week−1 total activity or ≥ 600 MET min.week−1) and sed-
entary (those who did not meet the criteria to be considered 
active) [24].

Admission data

Hospital admission data were collected from electronic 
medical records and divided into two categories: clinical 
characteristics and laboratorial results. Data collected on 
clinical characteristics were: age, weight, height, heart rate, 
respiratory rate, body temperature, blood pressure, oxygen 
therapy, and comorbidities which was considered previ-
ous diagnosed chronic disease. Laboratorial exams were: 
complete hemogram, blood gas analysis, C-reactive protein, 
d-dimer, creatinine, urea, potassium, and sodium.

Outcomes

The primary outcomes of the study were length of stay 
in hospital and total duration of disease. Additionally, the 
period from the onset of symptoms until admission was 
recorded. The secondary outcomes were need for the inten-
sive care unit, medications used, and CT abnormalities. CT 
findings were considered: peripheral, bilateral ground glass 
opacity with or without consolidation or visible intralobu-
lar lines; multifocal ground glass opacity of rounded mor-
phology with or without consolidation or visible intralob-
ular lines; reverse halo or other findings of organizing 

pneumonia [25]. The exams were evaluated by a radiolo-
gist and were considered mild CT-abnormalities: < 25%, 
moderate CT-abnormalities: 25–50%, and accentuated 
CT-abnormalities: > 50%.

Statistical analysis

Normal distribution was verified with the Shapiro–Wilk test. 
Quantitative variables are represented by mean and standard 
deviation. The groups (active × sedentary) were compared 
using the Student t test for normally distributed data and 
Mann–Whitney test for non-normally distributed data. Cat-
egorical variables are represented by absolute and relative 
frequency. To compare groups, the chi-square test was used 
and the Fisher exact test when necessary. The data analysis 
was performed using SPSS v.25 software and significance 
level was set at p < 0.05.

Results

Clinical characteristics of the patients, comorbidities, oxy-
gen therapy on admission to the hospital, and laborato-
rial exams are presented in Table 1. There were no differ-
ences between the groups in these data (p > 0.05), except 
for potassium level, which was higher in the active group 
(4.50 ± 0.20 mEq/L vs 4.30 ± 0.5 mEq/L; p = 0.04).

Physical activity level of the groups is demonstrated in 
Table 2. As expected, the IPAQ (min.week−1) and MET 
(min.week−1) were significantly higher in the active group 
in comparison to the sedentary group (p < 0.001).

The interval from symptom onset until admission to the 
hospital was equivalent between the groups (p = 0.72). The 
length of stay was lower in the active (6.50 ± 3.46 days) 
when compared to the sedentary group (11.48 ± 7.63 days; 
p = 0.03). Consequently, the total duration of disease was 
also lower in the active group (15.71 ± 4.84 days) vs. seden-
tary group (21.09 ± 7.69 days; p = 0.02) (Table 3).

In secondary outcomes, there were no differences 
between the groups in need for the intensive care unit and 
medications used (p > 0.05). The active group presented a 
lower frequency of moderate and severe lung abnormalities 
on the CT compared to the sedentary group (p = 0.01).

Discussion

The present study aimed to verify whether there is an 
influence of physical activity level on the length of stay in 
hospital due to COVID-19 in older men. The associations 
observed were that physically active older men spent less 
time in hospital, as well as which the disease duration was 
shorter when compared to their sedentary counterparts. 
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Furthermore, physically active men demonstrated less pul-
monary impairment on the CT.

To our knowledge, this is the first study to analyze the 
influence of physical activity level on the length of stay in 

older men recovered from COVID-19. This group was strati-
fied due higher risk of death. It was observed that sedentary 
older men have a longer length of stay and total duration of 
disease than physically active. Woolcott et al. [26] also dem-
onstrated that physically active older men tend to present a 
shorter length of stay in hospital when compared to seden-
tary older men, independent of previous chronic diseases. 
Langsetmo et al. [27] evaluated 1283 hospitalized older men 
and showed that a higher physical activity level was associ-
ated with a shorter total duration of acute/post-acute care 
stays. Furthermore, Grande et al. [28] observed in a meta-
analysis that exercise reduced the severity of acute respira-
tory infection and number of symptom days, and Tavakol 
et al. [29] showed that physically active people have lower 
COVID-19 severity. These results indicate that an active life-
style has beneficial effects in general diseases, respiratory 
infections, and now, in COVID-19. In a pandemic scenario, 
faster recovery is important to guarantee availability of clini-
cal beds and reduce public health costs.

A shorter length of stay is related to faster clinical recov-
ery [30] and a prolonged length of stay can be associated 
with functional, neuromuscular, and cardiorespiratory 
impairment [31, 32], due to the extended time (approxi-
mately 90–95%) sitting and on bed rest in hospital [33]. 
The present study observed that sedentary older men have 
prolonged clinical recovery. Previous studies evaluated the 
relationship between cardiorespiratory fitness and recovery, 
clinical complications, and mortality in older men undergo-
ing major surgery. It was shown that cardiorespiratory fitness 
is a predictor of clinical complications, length of stay, and 
mortality [34–36]. Similarly, it was observed that exercise 

Table 1   Characteristics of participants classified as physically active 
and sedentary

Values in mean ± standard deviation or frequency
BMI body mass index, HR heart rate, RR respiratory rate, SBP systolic 
blood pressure, DBP diastolic blood pressure
*p < 0.05

Clinical characteristics Active (n = 14) Sedentary (n = 25) p

Age (y) 67.36 ± 5.90 66.48 ± 5.33 0.52
Weight (kg) 82.14 ± 9.73 79.40 ± 12.30 0.48
Height (m) 1.69 ± 0.08 1.70 ± 0.07 0.69
BMI (kg.m−2) 28.71 ± 3.06 27.40 ± 4.05 0.16
HR (bpm) 75.86 ± 12.60 85.27 ± 14.24 0.05
RR (bpm) 19.85 ± 2.12 23.42 ± 7.70 0.27
SBP (mmHg) 132.00 ± 18.60 129.27 ± 23.18 0.47
DBP (mmHg) 81.00 ± 10.16 84.41 ± 12.69 0.51
Body temperature (ºC) 36.28 ± 0.53 36.44 ± 0.63 0.52
Comorbidities
 0 (%) 4 (28.57) 11 (44.00) 0.18
 1–2 (%) 10 (71.63) 11 (44.00)
 3+ (%) 0 (0.00) 3 (12.00)

Most common comorbidities
 Hypertension (%) 7 (50.00) 10 (40.00) 0.55
 Diabetes (%) 5 (37.70) 6 (24.00) 0.46

Oxygen therapy admis-
sion

 Room air (%) 4 (28.57) 6 (24.00) 0.64
 Nasal cannula (%) 5 (35.71) 5 (20.00)
 Non-rebreather mask 

(%)
4 (28.57) 11 (44.00)

 Invasive ventilation 
(%)

1 (7.14) 3 (12.00)

Laboratorial exams
 SaO2 (%) 93.54 ± 3.30 94.49 ± 4.15 0.09
 pH 7.41 ± 0.05 7.43 ± 0.06 0.44
 pO2 (mmHg) 69.55 ± 10.47 74.31 ± 17.56 0.44
 pCO2 (mmHg) 34.09 ± 4.89 33.45 ± 4.35 0.63
 HCO3 (mEq/L) 21.73 ± 2.79 22.02 ± 2.57 0.83
 C-reactive protein 

(mg/L)
15.08 ± 11.18 15.49 ± 10.45 0.92

 d-dimer (ug/ml) 2.18 ± 2.71 2.25 ± 2.80 0.68
 Creatinine (mg/dL) 1.01 ± 0.29 1.32 ± 1.24 0.44
 Urea (mg/dL) 57.36 ± 22.27 61.64 ± 42.81 0.78
 Potassium (mEq/L) 4.50 ± 0.20 4.30 ± 0.56 0.04*
 Sodium (mEq/L) 135.93 ± 2.84 136.84 ± 3.94 0.45
 Hemoglobin (g/dL) 13.89 ± 1.72 13.59 ± 2.08 0.65
 Leukocytes (1000/µl) 8.15 ± 3.49 8.83 ± 3.34 0.63
 Platelets (1000/µl) 249.85 ± 96.23 230.00 ± 68.13 0.29

Table 2   Physical activity level between the groups

Values in mean ± standard deviation
*p < 0.05

Physical activity 
level

Active (n = 14) Sedentary 
(n = 25)

p

IPAQ (min.
week−1)

403.57 ± 521.36 27.80 ± 43.06  < 0.001*

MET (min.
week−1)

1441.18 ± 1815.84 96.42 ± 148.53  < 0.001*

Table 3   Primary outcomes

Values in mean ± standard deviation
*p < 0.05

Outcomes Active (n = 14) Sedentary (n = 25) p

Onset of symptom until 
admission (days)

9.21 ± 3.53 9.61 ± 3.00 0.72

Length of stay (days) 6.50 ± 3.46 11.48 ± 7.63 0.03*
Disease duration (days) 15.71 ± 4.84 21.09 ± 7.69 0.02*
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training before surgery reduced postoperative complications, 
length of stay, and hospital resource utilization [30, 37]. This 
evidence demonstrates that physically active people tend to 
have faster recovery after hospital admission. In the COVID-
19 scenario, the present study corroborated these previous 
results and showed that physically active older men recov-
ered more quickly.

No significant differences were found in most clinical 
characteristics of admission, comorbidities, oxygen ther-
apy, and laboratorial exams, except for potassium level. 
Even with similar clinical characteristics at admission, the 
physically active group had a lower length of stay in hospi-
tal and total duration of disease. Immunological optimiza-
tion provided by physical exercise seems to have been the 
factor that differentiated these individuals and promoted 
shorter hospital stays. Previous studies have observed that 
moderate exercise improves immune system function, such 
as lower levels of circulating inflammatory cytokines and 
increased neutrophil phagocytic activity, in both acute and 
chronic exercise [38–41]. In contrast, sedentary and fragile 
older people have a poor immunological response, reflecting 
in a higher risk of admission to the hospital and mortality 
[42–44]. Souza et al. [20] observed that physical activity 
levels are associated with a lower prevalence of COVID-
19-related hospitalizations and reinforce protect role main-
tain active lifestyle. However, it is suggested that in patients 
who needed hospitalization could be more related to clinical 
characteristics, in which in our study it was not different, 
independent of physical activity level. Notwithstanding, to 
be physically active is auxiliary to avoid negative outcomes, 
length of stay and disease duration.

The influence of previous chronic diseases in harmful 
outcomes related to COVID-19 hospitalizations has been 
shown in other studies [1, 14]. In contrast, physically active 
people trend to have more stable chronic diseases, such as 
hypertension and diabetes [45–47], lowering the risks of 
hospitalization due to COVID-19 [19, 20]. The present study 
points to association between physical activity level and 
length of stay due to COVID-19 in older men matched by 
comorbidities. Therefore, it is plausible to hypothesize that 
to be physically active previous hospitalization would mini-
mize the risks of problems related to uncontrolled chronic 
disease during hospitalization due to COVID-19 and to favor 
a better recovery, but this hypothesis still needs to be under-
stood more (Table 4).

Electrolyte disturbance is a multifactorial problem, and 
in a COVID-19 scenario can be related to severe cases of 
disease [48]. Serum potassium level can be influenced by a 
wide variety of factors, such as medicines (e.g., diuretics) 
and diet. Deficiency (< 3.5 mEq/L) or an excessive level 
(> 5.5 mEq/L) can cause adverse health consequences [49]. 
In the current study, it was observed that the potassium level 
was higher in active older men in comparison to sedentary 

older men, but values in both groups were within the nor-
mal range (4.5 ± 0.20 mEq/L vs 4.30 ± 0.56 mEq/L, respec-
tively), which would not compromise the study results.

Among the medications used in the patients, there were 
no differences between active and sedentary groups. All the 
patients used dexamethasone and there was no difference in 
azithromycin use. Dexamethasone is a corticosteroid used in 
a wide range of conditions due to its anti-inflammatory and 
immunosuppressant effects. In the COVID-19 scenario, this 
medicine is used in patients with inflammatory lung dam-
age [50]. Azithromycin is an antibiotic used to treat chest 
infections, such as pneumonia. In the COVID-19 scenario, 
this medicine can be used in patients with bacterial infection 
associated with Sars-CoV-2 [51].

Previous studies have shown that physical inactivity 
is associated with a higher risk of hospitalization, severe 
COVID-19 outcomes, and death [19, 20, 29]. In the present 
study, there was no difference between the groups in the 
need for the ICU (p = 0.06). A plausible reason for the equal-
ity is that the men who died were excluded, since it would 
be impossible to collect their data. It is reasonable to specu-
late that the majority of people who died were sedentary, 
but the present study is unable to answer this affirmation. 
However, Sallis et al. [19] and Lee et al. [52], both with a 
larger database from US and South Korea, respectively, have 
demonstrated that physical activity was associated with a 
reduced risk for severe COVID-19 and death. Sallis et al. 
[19] observed inactive patients with COVID-19 had a great 
risk of death (OR 2.49, 95% CI 1.33–4.67) when compared 
with active patients. Similarly, Lee et al. [52] showed that 
physically active participants had a lower risk of COVID-
19-related death (aRR 0.24; 95% CI 0.05–0.99) when com-
pared to insufficiently active participants.

Sedentary older men have a higher frequency of moderate 
and severe abnormalities on the CT than active older men. 
Pulmonary damage is associated with COVID-19 severity. 
Both direct viral infection and inflammation due to cytokine 

Table 4   Secondary outcomes

Values in absolute and relative frequency
ICU intensive care unit, CT computed tomography
*p < 0.05
# 12 patients in active group were submitted to CT

Outcomes Active (n = 14) Sedentary (n = 25) p

Needed to ICU (%) 1 (7.14) 9 (36.00) 0.06
Dexamethasone (%) 14 (100.00) 25 (100.00) 1
Azithromycin (%) 5 (35.71) 6 (24.00) 0.43
CT-abnormalities#

 Mild (%) 7 (58.33) 3 (12.00) 0.01*
 Moderate (%) 2 (16.67) 13 (52.00)
 Accentuated (%) 3 (25.00) 9 (36.00)
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storm can cause lung damage [53]. Some authors have dem-
onstrated that physical exercise has an anti-inflammatory and 
immunomodulator effect [13], indicating a probable benefi-
cial effect in infectious diseases. Higher physical activity 
level is associated with lower inflammatory markers, in turn, 
higher inflammatory markers level is associated with higher 
risk of cytokine storm,hence, it is probable that cytokine 
storm observed in COVID-19-severe patients would be 
attenuated in physically active individuals, and consequently 
in sedentary one, the lung damage would be more severe 
[54]. Thus, the present study suggests that physical activity 
level could be associated with severity of COVID-19, with 
a shorter length of stay in hospital due to lower lung dam-
age. However, further studies are necessary to confirm this 
hypothesis.

Therefore, promoting actions that stimulate the practice 
of physical exercises under conditions of social distance in 
older men could help to reduce the negative consequences 
of the COVID-19 pandemic and in-hospital length of stay. 
Guidelines and strategies for practicing physical exercises at 
home have been widespread on social networks and have been 
the subject of study. The role of web-based physical activity 
interventions with online supervision is not a novelty, but it 
has gained a lot of notoriety during the pandemic [55]. Evi-
dence shows that web-based physical interventions can help 
to modify behavior and adherence to physical exercises that 
are directly related to increased cardiorespiratory and neu-
romuscular capacity, such as walking, climbing stairs, and 
moderate- to high-intensity resistance exercises [56].

The present study has strengths and some limitations. 
These data were collected directly from the medical records, 
with the phone contact used only to identify physical activity 
level; however, this is an observational study, and the results 
should be interpreted with caution. Physical activity was not 
measured directly by a device (e.g., accelerometer); how-
ever, this is a retrospective measure, relating to the period 
before symptom onset. Moreover, the IPAQ has been widely 
used in studies and correlates with direct measures [57]. 
Besides that, in COVID-19 scenario, the non-standard use of 
IPAQ was performed in other studies [58, 20]. Furthermore, 
our sample is a stratified group and these results cannot be 
extrapolated for other populations (e.g., women and adult 
young men). Finally, there were samples losses because of 
the absence of phone contact, which limited inclusion of a 
larger sample.

Conclusion

In conclusion, being physically active prior to infection can 
be associated with lower length of stay in hospital and the 
resulting deleterious effects, and promote faster recovery 

in older men hospitalized with COVID-19; however, a 
cause–effect analysis is still necessary.

These findings are interesting in the pandemic scenario 
and reinforce the need to promote and evaluate physical 
activity, which can be used to screen and stratify risk popu-
lations. Furthermore, being physically active may be a tool 
to protect ourself and mitigate unfavorable outcomes after 
infection.
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