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ABSTRACT 35 

Among the people most affected by coronavirus disease 2019 (COVID-19) are 36 

those suffering from hypertension (HTN). However, pharmacological therapies for 37 

HTN are ineffective against COVID-19 progression and severity. It has been 38 

proposed that exercise training (EX) could be used as post-COVID treatment, 39 

which does not rule out the possible effects during hospitalization for COVID-19. 40 

Therefore, we aimed to determine the impact of supervised EX on HTN patients 41 

with COVID-19 during hospitalization. Among a total of 1,508 hospitalized COVID-42 

19 patients (confirmed by PCR), 439 subjects were classified as having HTN and 43 

were divided into two groups: EX (n=201) and control (n=238) groups. EX (3 to 4 44 

times per week during all hospitalizations) consisted of aerobic exercises (15 to 45 45 

min) (i.e., walking); breathing exercises (10 to 15 min) (i.e., diaphragmatic 46 

breathing, pursed-lip breathing, active abdominal contraction); and musculoskeletal 47 

exercises (8–10 sets of 12–15 repetitions/week) (lifting dumbbells, standing up and 48 

sitting, lumbar stabilization). Our data revealed that the EX (clinician: patient, 1:1 49 

ratio) intervention was able to improve survival rates among controlled HTN 50 

patients with COVID-19 during their hospitalization when compared to the control 51 

group (chi-squared: 4.83; hazard ratio: 1.8; 95% CI: 1.117 to 2.899; p=0.027). 52 

Multivariate logistic regression analysis revealed that EX was a prognostic marker 53 

(odds ratio: 0.449; 95% CI: 0.230 to 0.874; p=0.018) along with sex and invasive 54 

and non-invasive mechanical ventilation. Our data showed that an intrahospital 55 

supervised EX program reduced the mortality rate among HTN patients suffering 56 

from COVID-19 during their hospitalization. 57 
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New & Noteworthy 58 

In the present study, we found that exercise training improves the survival rate in 59 

hypertensive COVID-19 patients during their hospitalization period. Our results 60 

provide strong evidence for the therapeutic efficacy of exercise training as a 61 

feasible approach to improving the outcomes of COVID-19 patients who suffer 62 

from hypertension during their hospitalization. 63 
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INTRODUCTION 76 

The current coronavirus disease-2019 (COVID-19) pandemic is caused by severe 77 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). Several risk 78 

factors affect the severity and prognosis of COVID-19, which promote the adoption 79 

of individualized adaptation of personalized treatment, prevention, and focused 80 

nursing (3). Case series and retrospective cohort studies initially explored the 81 

associations of epidemiological and comorbidity factors with the severity and 82 

prognosis of COVID-19 (4). The health comorbidities of most concerns among 83 

COVID-19 patients are obesity, diabetes, and hypertension (HTN), which are 84 

highly prevalent in Latin America and the Caribbean (5-7). Indeed, it has been 85 

reported that the prevalence of HTN is 20.9, 16.0, and 14.5% in Mexico, Chile, and 86 

Argentina, respectively (8). 87 

Among the patients most affected by COVID-19 are those who suffer from HTN, 88 

and it has been shown that HTN could increase mortality risk among COVID-19 89 

patients (9, 10). In addition, older people >60 years of age suffer some degree of 90 

HTN, and the British Heart Foundation and the Health Service Executive in Ireland 91 

have declared these patients “at risk” of suffering the more severe consequences 92 

of COVID-19 (11, 12). Although there are effective pharmacological therapies for 93 

HTN, these are ineffective against COVID-19, even though most people who 94 

receive them are elderly individuals who suffer from HTN (11, 13) 95 

One of the more critical nonpharmacological treatments against several 96 

pathophysiological conditions is exercise training (EX) (14). A recent meta-analytic 97 

Downloaded from journals.physiology.org/journal/jappl at Bibliotheque Du CHUV (130.223.101.059) on February 3, 2023.



review of data from 1,853,610 adults shows that individuals who engage in regular 98 

physical activity (i.e., by achieving at least 500 MET-min/week of physical activity) 99 

have a lower likelihood of SARS-CoV-2 infection, COVID-19 hospitalization, severe 100 

COVID-19 illness, and COVID-19-related death than physically inactive individuals, 101 

independent of design and instrument used (15). It has been also proposed that 102 

EX could be utilized as post-COVID treatment, which does not rule out the 103 

plausible positive effects during COVID-19 hospitalization (16, 17). However, the 104 

possible impact of an intrahospital supervised EX intervention on the survival rate 105 

of HTN patients has not yet been described. Therefore, we aimed to determine the 106 

effects of supervised EX on HTN patients with COVID-19 during their 107 

hospitalization. 108 

METHODS 109 

Study Population 110 

We retrospectively (ethical approval #550211-20) assessed the effects of an 111 

intrahospital supervised EX program for controlled HTN patients with COVID-19 112 

(confirmed by positive PCR) on the probability of survival during hospitalization. 113 

Among 1,508 hospitalized COVID-19 patients, 439 subjects were classified as 114 

having HTN and divided into two groups: EX (n=201) and control (n=238) groups. 115 

All patients were classified as having severe illnesses. The degree of severity was 116 

defined based on the 3M™ International Refined Diagnosis-Related Group system 117 

(IR-DRGs). Of note, during the development of this study, no patient was 118 

vaccinated against COVID-19. 119 
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Exercise training Protocol 120 

The EX protocol (Table 1) was based on the recommendations of the proposed 121 

cardiac rehabilitation protocol (16). EX started when patients were stabilized 122 

considering the following parameters at rest: fraction of inspired O2 ≤60%; O2 123 

saturation ≥90%; respiratory frequency ≤40 breaths/min; positive end-expiratory 124 

pressure ≤10 cmH2O; systolic blood pressure (BP) ≥90 and ≤195 mmHg; mean 125 

arterial BP ≥65 and ≤110 mmHg; heart rate ≥40 and ≤120 beats/min; body 126 

temperature ≤38.5 °C; Richmond Agitation-Sedation Scale score from -2 to 2; 127 

intracranial pressure <20 cmH2O; and venous blood lactate <4 mmol/L. In addition, 128 

patients with arrhythmias, myocardial ischaemia, venous thrombosis, pulmonary 129 

embolism, aortic constriction, or renal disease were excluded. 130 

***Table 1 near here*** 131 

Anthropometrics 132 

Before exercise training, all patients were subjected to anthropometric and 133 

cardiorespiratory assessments. Body weight was estimated to the nearest 0.1 kg 134 

using a digital scale (BF-350, Tanita, IL, USA). Body height was measured using a 135 

wall-mounted stadiometer (HR-200, Tanita, Japan) and recorded to the nearest 0.1 136 

cm. Body mass index (BMI) was calculated as body weight/body height2 (kg/m2). In 137 

addition, the participants were instrumented and positioned in the supine position, 138 

and core temperature, oxygen saturation using a pulse oximeter placed on the 139 

index finger or the thumb (SpO2) (BK-PO2, BiOBASE, China), and respiratory 140 

frequency (Rf) were measured. 141 
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Blood pressure measurement 142 

Systolic and diastolic blood pressure (SBP and DBP, respectively) were assessed 143 

at baseline before the EX-intervention. From the SBP and DBP, we calculated the 144 

mean arterial blood pressure (MABP) (1/3 of SBP + 2/3 of DBP) and pulse 145 

pressure (PP) (SBP-DBP). Blood pressure (BP) and heart rate (HR) were 146 

determined using an automated blood pressure monitor (Omron® HEM 7114, 147 

Omron Healthcare Inc., Lake Forest, IL, USA). Readings were taken from the left 148 

arm in triplicate (2-minute intervals between measurements) and after 15 minutes 149 

of rest with the subjects seated. 150 

Medications 151 

The medication information of each patient was obtained from the medical folders. 152 

The most commonly used medications among the patients were i) thiazide 153 

diuretics; ii) calcium antagonists; iii) angiotensin-converting enzyme (ACE) 154 

inhibitors; iv) angiotensin receptor blockers (ARBs); v) beta-adrenergic blocking 155 

agents (Table 2). Of note, there were significant differences in the consumption of 156 

beta-adrenergic blockers. 157 

***Table 2 near here*** 158 

Data Analysis 159 

Data are shown as mean ± standard deviations (SDs) or min-max. The survival 160 

data were analyzed by the log-rank Cox test and a multivariate logistic regression 161 
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model. The alpha value was set to p<0.05. Analysis was performed with GraphPad 162 

Prism 9.2 (USA, La Jolla, CA). 163 

RESULTS 164 

Prior to the EX-training intervention, we did not observe significant differences in 165 

age, temperature, body weight, body height, BMI, Rf, SpO2, SBP, DBP, PP, MABP, 166 

or HR (all p >0.05) between groups (Table 3). 167 

***Table 3 near here*** 168 

Importantly, our data revealed that an intrahospital supervised (clinician: patient, 169 

1:1 ratio) cardiovascular rehabilitation EX intervention was able to improve the 170 

probability of survival among controlled HTN patients with COVID-19 during their 171 

hospitalization when compared to the control group (chi-squared: 4.83; hazard 172 

ratio: 1.8; 95% CI: 1.117 to 2.899; p=0.027) (Figure 1). In addition, EX was able to 173 

reduce lethality among HTN patients suffering from COVID-19 (EX, survival: 185 174 

[92.03%]; deaths: 16 [7.96%] vs. control, survival: 176 [73.94%]; deaths: 62 175 

[26.05%]). Multivariate logistic regression analysis revealed that EX was a 176 

prognostic marker (odds ratio: 0.448; 95% CI: 0.230 to 0.873; p=0.018) along with 177 

sex (odds ratio: 3.121; 95% CI: 1.576 to 6.178; p=0.001), non-invasive mechanical 178 

ventilation (NIMV, odds ratio: 5.964; 95% CI: 3.093 to 11.497; p<0.001) and 179 

extracorporeal membrane oxygenation (ECMO, odds ratio: 0.055; 95% CI: 0.024 to 180 

0.125; p<0.001) (Table 4).  181 

***Figure 1 near here*** 182 
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***Table 4 near here*** 183 

DISCUSSION 184 

The main finding of the present study was that an intrahospital supervised exercise 185 

training intervention was able to promote an improvement in the survival rate of 186 

HTN patients with COVID-19 during their hospitalization. Our data suggest that an 187 

intrahospital supervised EX program is a feasible approach to improve the 188 

outcomes of COVID-19 patients who suffer from hypertension during their 189 

hospitalization. 190 

COVID-19 and chronic diseases 191 

Most COVID-19 patients admitted to the intensive care unit (ICU) suffer from 192 

several comorbidities, which are risk factors for hospitalization (18). Being 193 

overweight and obesity are related to decreased oxygen saturation resulting from 194 

reduced ventilation at the base of the lungs. Notably, it is estimated that 47.6% of 195 

obese patients are infected with COVID-19, and 68.6% are ventilated because they 196 

are critically ill (19). Our data indicate that COVID-19 patients with HTN display a 197 

similar body weight and body mass index (∼28 kg/m2), which is classified as 198 

overweight. Accordingly, it is possible to speculate that this morphological 199 

characteristic partially explains our participants' ICU hospitalization. 200 

Hypertension (HTN) and COVID-19 201 

Hypertension is the leading cause of premature death worldwide and is associated 202 

with an estimated global medical cost of $370 billion per year (20). The American 203 
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College of Cardiology, in conjunction with the American Heart Association in 2017, 204 

proposed a BP ≥ 130/80 mm Hg as a new threshold for the diagnosis of 205 

hypertension (21). Given the high prevalence of HTN and its negative health 206 

consequences, strategies other than pharmacological treatment become 207 

necessary for managing this condition. For this reason, nonpharmacological 208 

interventions aimed at lifestyle changes, mainly physical exercise, are of 209 

fundamental importance (22). 210 

HTN is strongly associated with COVID-19 infection and mortality rates (23, 24). 211 

One of the first-line drugs that are frequently used to treat HTN is ACE-2 inhibitors 212 

and angiotensin receptor blockers (ARBs). Paradoxically, chronic administration of 213 

ACE-2 inhibitors positively regulates ACE-2 receptor expression, leading to 214 

increased susceptibility to contracting SARS-CoV-2 in HTN patients (25). 215 

Increased expression of ACE-2 receptors at the pulmonary level leads to increased 216 

infection susceptibility, increasing the risk of severe lung injury and respiratory 217 

failure during COVID-19 (25). The participants in our study used ARBs as a 218 

treatment for HTN, which could explain, in part, the severity of the 219 

pathophysiological state promoted by COVID-19 in these participants with HTN. 220 

Accordingly, the Department of Epidemiology of China showed that HTN was the 221 

most frequent comorbidity among COVID-19 patients (12.8%). Notably, the overall 222 

mortality rate was 2.3%, and the most affected were those older than 80 years 223 

(14.8%). Mortality by sex was 2.8% for men and 1.7% for women (26). In our 224 

study, we observed that sex was a prognostic marker for mortality, which could be 225 

explained by the fact that the combination of aerobic exercise and muscular 226 
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strength improves fat-free mass in men more than women (36). Our data indicate 227 

that the lethality was 26.05% among COVID-19 patients with HTN, which was 228 

markedly improved by the exercise training intervention (7.96%), suggesting that 229 

EX could be a feasible treatment approach for COVID-19+HTN patients. All the 230 

evidence demonstrates that HTN is one of the most recurrent comorbidities and 231 

has the most substantial negative implications during COVID-19 infection, 232 

suggesting that it is necessary to seek alternatives, such as exercise training, for 233 

the treatment and follow-up of COVID-19 patients with HTN at baseline. 234 

COVID-19, hypertension, and exercise 235 

It has been shown that aerobic physical exercise positively impacts BP levels and 236 

should be one of the fundamental pillars of a training program for patients with 237 

HTN (27). International recommendations support engaging in 150-300 minutes of 238 

moderate-vigorous physical activity per week plus two days of muscular resistance 239 

training. Among the primary modalities with proven benefits in reducing BP are 240 

aerobic exercises, muscular strength exercises, and isometric exercises 241 

(28,29,41,42). Mechanistically, nitric oxide-dependent exercise training has been 242 

proposed as one of the more essential adaptations following an exercise training 243 

period. It has been demonstrated that after one bout of exercise, an improvement 244 

in vascular function was observed 1 to 24 hours post-exercise, which persisted 24 245 

to 48 hours post-exercise training (43, 44). Notably, the improvement of vascular 246 

function after regular exercise is the protection against increases in BP in 247 

hypertension patients (43, 44). In addition, another mechanism related to BP 248 

reduction following exercise training is the decreased sympathetic drive, evidenced 249 
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by reduced plasma norepinephrine and renin activity, as well as decreased renal 250 

and muscular sympathetic activity (45, 46, 47). 251 

Regarding exercise intensity, Lopes et al. 2020, compared differences between low 252 

training intensity (<30% FCR) vs. moderate intensity (60% FCR), concluding that 253 

both training intensities generate benefits on BP control (39). Previously, Eicher et 254 

al. (2010) demonstrated that a single physical exercise session was able to reduce 255 

BP levels independently of the intensity (low, moderate, and vigorous) (40). 256 

Therefore, the training performed by the subjects during hospitalization could have 257 

beneficial effects on BP even if they were performed at very low intensity. Thus, 258 

our results demonstrate that low-intensity exercise could impact not only the 259 

cardiovascular system but also the mortality rate in COVID-19 patients suffering 260 

from hypertension.  261 

A recent series of systematic reviews demonstrated the need for early 262 

rehabilitation of COVID-19 patients admitted in the recovery phase after severe 263 

respiratory failure due to COVID-19 (30). Compared with patients with mild 264 

sequelae resulting from COVID-19, neuromotor rehabilitation, home rehabilitation, 265 

and telerehabilitation are recommended, in addition to light sports activities such as 266 

yoga and tai chi (31). For outpatient management of mild infections, pulmonary 267 

rehabilitation, education, airway clearance techniques, physical exercise, breathing 268 

exercises, and others can be considered (32). Light activities such as yoga and tai 269 

chi that coordinate postural movements with breathing have been recommended 270 

(33). Our results showed that an EX-intervention markedly improved the mortality 271 

rate among COVID-19 patients with HTN, suggesting that light exercise could be 272 
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considered a first-line treatment for COVID-19 patients suffering from HTN.  273 

In the management of acutely hospitalized patients, physical exercise is 274 

recommended as a fundamental component in pulmonary rehabilitation; it should 275 

begin with bed mobility for very deconditioned patients and ramp up to walking for 276 

ambulatory patients, in addition to considering respiratory exercises to increase 277 

thoracic expansion, improve diaphragmatic incursion and techniques for bronchial 278 

cleansing (34). The goal of rehabilitation should be to obtain an oxygen saturation 279 

(SpO2) above 90% with supplemental oxygen to maintain the target SpO2 (34). Of 280 

note, our EX-intervention considered several variables to preserve the stability of 281 

the patients. 282 

Exercise and Immune Function 283 

Exercise-focused therapies could help to improve the immune system by reducing 284 

oxidative stress related to pro-inflammatory markers as well as enhancing the 285 

body's immune response to a viral or bacterial agent. The called "cytokine storm" is 286 

a common term used to describe the extreme and complex inflammatory response 287 

to a viral infection that also could occur during SARS-CoV2 infection. The 288 

inflammatory response is disproportionate, resulting in hypercytokinemia triggering 289 

acute respiratory distress syndrome (ARDS), and in the worst cases, death (37). It 290 

is assumed that elevated cytokine levels could increase blood viscosity, further 291 

increasing the possibility of thromboembolism or vascular coagulation (38). We 292 

could interpret that our results could be partly explained by the reduction of low-293 

grade systemic inflammation, together with a reduction of the "cytokine storm," 294 
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which would result in a reduction of mortality in the experimental group. 295 

Limitations 296 

The study has limitations due to its retrospective design, and the inclusion of 297 

subjects in the training protocol depended exclusively on the criteria of the 298 

physician on duty, which increases the risk of bias in the intervention. However, the 299 

physician on duty evaluated the following parameters for patient inclusion: oxygen 300 

saturation, systolic blood pressure, and symptomatology. In addition, there was no 301 

follow-up after discharge from the intensive care unit to home. In addition, our 302 

patients displayed a pharmacological heterogeneity, which could affect our results. 303 

In fact, we observed a significant difference between groups regarding beta-304 

adrenergic blocking agents, which have promoted adverse effects in COVID-19 305 

patients (48, 49). Thus, our results did not discard the possible role of the 306 

pharmacological profile on the patient's outcome. 307 

CONCLUSIONS 308 

Our data suggest that physical exercise is a feasible approach to increase the 309 

probability of survival of HTN patients with COVID-19 during hospitalization. 310 

However, the study results raise questions that should be investigated in the future, 311 

such as the mechanisms inherent to physical exercise, which are directly related to 312 

reducing mortality. As a practical application, the exercise protocol used in this 313 

study may be helpful in the clinical management of COVID-19 patients in the ICU. 314 

This study represents an advance in the treatment of COVID-19; however, it is 315 

recommended that in future research, different exercise modalities be linked during 316 
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hospitalization as a result of COVID-19 to evaluate the effectiveness of different 317 

types of exercises. Further research in this area is recommended, which could 318 

benefit this target population in the medium and long term. 319 
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 513 

 514 

FIGURE LEGEND 515 

Figure 1. Intrahospital exercise training increases the probability of 516 

survival in hypertensive COVID-19 patients. Of note, the EX was able to 517 

promote a significant reduction in the probability of survival in HTN patients 518 

suffering from COVID-19 during their hospitalization. Log-rank Cox test, Chi-519 

squared: 4.83; Hazard ratio: 1.8; 95% CI: 1.117 to 2.899; p=0.027. 520 

 521 
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INTRAHOSPITAL SUPERVISED EXERCISE 
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CONCLUSION low-intensity exercise training improves 

survival rate in COVID-19 hypertensive patients. 
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TABLES 1 

Table 1. Exercise training (EX) intervention characteristics. 2 

  Modality Volume Intensity Frequency 

Cardiopulmonary Aerobic exercises 

(walk, 

walk in eight, 

military march, and 

walk on tiptoe and 

heels) 

10-15 minutes 

for the first 3-4 

sessions and 

incrementally 

increase. 15-

45 min each 

session 

Borg dyspnea 

score ≤ 4; scale 

for fatigue (must 

not exceed a 

score of 11–12) 

1-2 times 

per day, 3-4 

times a 

week 

Breathing 

exercises 

Diaphragmatic 

breathing, Pursed 

lip breathing, 

Active abdominal 

contraction 

2-3 times/day, 

daily: 

10-15 minutes 

for the first 3-4 

sessions 

Borg dyspnea 

score ≤ 4; scale 

for fatigue (must 

not exceed a 

score of 11–12) 

1-2 times 

per day, 3-4 

times a 

week 

Musculoskeletal Musculoskeletal 

(Lifting dumbbells, 

standing up and 

sitting, lumbar 

stabilization) 

Resistance 

exercises 

8–10 sets of 12–

15 

repetitions/week 

1-2 times 

per day, 3-4 

times a 

week 

The following parameters were constantly evaluated during EX: 3 

 Saturation: must remain above 92–93% during the whole exercise. 4 
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Heart rate: must not increase more than 20 beats per minute from the baseline 5 

heart rate during mild intensity exercise (patient’s pharmacological therapy should 6 

also be carefully considered, especially the use of beta-blockers that limit the 7 

physiological increase in frequency during exercise). 8 

Systolic blood pressure: must be ≥90 mmHg and ≤195 mmHg,  9 

Symptomatology: with the use of the Borg scale for dyspnea (must not exceed a 10 

score of 4) and of the rate of perceived exertion (RPE) scale for fatigue (must not 11 

exceed a score of 11–12). 12 

The exercise training protocol was based on previous recommendations (35). 13 
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Table 2 Hypertensive medication profile. 1 

  HTN 
N = 238 

HTN+EX 
N= 201 

p-value 

Thiazide Diuretics n = 67 (28.15%) n = 26 (12.93%) 0.007 

Calcium Antagonist n = 57 (23.94%) n = 35 (17.41%) 0.236 

Angiotensin Converting enzyme (ACE) n = 27 (11.34%) n = 18 (8.95%) 0.617 

Angiotensin receptor Blockers (ARBs) n = 92 (38.65%) n = 64 (31.84%) 0.439 

Beta-Adrenergic Blocking Agents n = 51 (21,42%) n = 15 (7.46%) 0.002 

No medication reported n = 2 (0.84%) n = 0 (0.00%) 0.215 

Data are shown as the number of subjects (n) and % of total patients. The 2 

medication was classified accordingly to its action mechanism. Data were analyzed 3 

using Mann-Whitney non-parametric test. A p<0.05 was considered significant. 4 

 5 
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Table 3. Pre-exercise resting parameters. 1 
 2 

  HTN n=238 HTN+EX n=201   

  F, n=94 (40%)/M, n=144 (60%) F, n=99 (49%)/M, n=102 (51%)   

  Mean ± SD Min-max Mean ± SD Min-max p-value 

Age (y) 66.22 ± 14.10 24 – 96 64.18 ± 14.32 28 – 99 0.963 

Temperature (°C) 36.70 ± 0.79 35 – 39 36.73 ± 0.73 35 – 40 0.751 

Body weight (kg) 80.70 ± 15.39 46 – 118 77.50 ± 11.10 55 – 100 0.507 

Body height (cm) 167.20 ± 9.17 148 – 184 164.10 ± 9.77 150 – 180 0.316 

BMI (kg/m2) 28.81 ± 5.60 18 – 42 28.71 ± 3.90 21 – 33  0.991 

Rf (breaths/min) 24.33 ± 7.53 10 – 59 23.45 ± 6.53 7 – 69 0.210 

SpO2 (%) 93.68 ± 7.54 50 – 100 94.74 ± 4.80 65 – 100 0.091 

SBP (mmHg) 141.10 ± 26.00 85 – 195 143.51 ± 22.80 103 – 190 0.541 

DBP (mmHg) 75.51 ± 14.70 44 – 115 76.60 ± 10.81 58 – 105 0.605 

PP (mmHg) 60.01 ± 22.10 16 – 140 58.40 ± 18.32 24 – 116 0.226 

MABP (mmHg) 95.50 ± 15.30 62 – 141 95.80 ± 15.07 60 – 154 0.971 

HR (beats/min) 79.42 ± 16.61 26 – 152 76.76 ± 14.03 40 – 120 0.086 

Data are shown as mean ± standard deviation and minimum to maximum values. 3 
HTN: hypertension; EX: exercise training; F: female; M: male; BMI: body mass 4 
index; Rf: respiratory frequency; SpO2: arterial oxygen saturation; SBP: systolic 5 
blood pressure; DBP: diastolic BP; PP: pulse pressure; MABP: mean arterial BP; 6 
HR: heart rate. Data were analyzed using Mann-Whitney non-parametric test. A 7 
p<0.05 was considered significant. 8 
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Table 4. Multiple logistic regression. 1 

Variable Odds ratio 
Standard 

error 95% CI |Z| p-value 

EX 0.448 0.153 0.230 to 0.873 -2.360 0.018 

Sex (male) 3.121 1.087 1.576 to 6.178 3.270 0.001 

Steroids 0.949 0.325 0.485 to 1.858 -0.150 0.881 

Antibiotic 1.457 0.509 0.733 to 2.893 1.080 0.282 

Anticoagulant 1.152 0.424 0.559 to 2.371 0.380 0.701 

Insulin 0.488 0.305 0.143 to 1.664 -1.150 0.252 

IMV 2.287 0.965 0.999 to 5.233 1.960 0.050 

NIMV 5.964 1.997 3.093 to 11.497 5.330 <0.001 

ECMO 0.055 0.022 0.024 to 0.125 -6.990 <0.001 

EX: exercise training; IMV: invasive mechanical ventilation; NIMV: non-invasive 2 
mechanical ventilation; ECMO: extracorporeal membrane oxygenation. The 3 
significance was set to p<0.05. 4 

 5 

 6 

 7 

 8 

 9 

 10 
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