Baseline physical activity is associated with reduced mortality and disease outcomes in COVID-19: A systematic review and meta-analysis 
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Abstract
Objective: Among COVID-19 patients, physically active individuals may be at lower risk of fatal outcomes. However, to date, no meta-analysis has been carried out to investigate the relationship between physical activity (PA) and fatal outcomes in patients with COVID-19. Therefore, this meta-analysis aims to explore the hospitalization, intensive care unit (ICU) admissions, and mortality rates of COVID-19 patients with a history of PA participation before the onset of the pandemic, and to evaluate the reliability of the evidence. 
Methods: A systematic search of MEDLINE/PubMed, CINAHL, Scopus, and medRxiv was conducted for articles published up to January 2022. A random-effects meta-analysis was performed to compare disease severity and mortality rates of COVID-19 patients in physically active and inactive cases. 
Results: Twelve studies involving 1,256,609 patients (991,268 physically active and 265,341 inactive cases) with COVID-19, were included in the pooled analysis. The overall meta-analysis compared with inactive controls showed significant associations between PA with reduction in COVID-19 hospitalization (RR= 0.58, 95% CI 0.46 to 0.73, P=0.001), ICU admissions (RR= 0.65, 95% CI 0.52 to 0.81, P=0.001) and mortality (RR= 0.47, 95% CI 0.38 to 0.59, P=0.001). The protective effect of PA on COVID-19 hospitalization and mortality could be attributable to the types of exercise such as resistance exercise (RR= 0.27, 95% CI 0.15 to 0.49, P=0.001) and endurance exercise (RR= 0.41, 95% CI 0.23 to 0.74, P=0.003), respectively. 
Conclusion: PA is associated with decreased hospitalization, ICU admissions, and mortality rates of patients with COVID-19. Moreover, COVID-19 patients with a history of resistance and endurance exercises experience a lower rate of hospitalization and mortality, respectively. Further studies are warranted to determine the biological mechanisms underlying these findings.
Keywords: COVID-19, Physical activity, Exercise, Meta-analysis.
Abbreviations: COVID-19, coronavirus disease 2019; PA, Physical activity; ICU, Intensive care unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analyses; MET, Metabolic Equivalent of Task; RR, risk ratio; CI, confidence interval. 
1. Introduction
The rapid spread of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to 282 million confirmed cases and 5.4 million deaths 1. A high rate of transmission of SARS-CoV-2 and mortality owing to COVID-19 is mainly due to emerging new variants, which make efforts less effective in the fight against the virus. 2 However, a variety of public health interventions such as government policy, mask-wearing, and vaccination have been implemented worldwide to mitigate and control the spread of the outbreak of COVID-19 disease 3. Restrictive measures to prevent the spread have resulted in difficulties for the population to maintain healthy lifestyles such as the engagement in recommended levels of physical activity (PA)4. Meyer  et al, 5 reported 30% reduction in PA during COVID-19 quarantine independent of sex and age. Specific home-based PA recommendations have been recently published in an attempt to take advantage of both quarantine and staying physically active 6,7. Adherence to government PA guidelines during the COVID-19 pandemic has been strongly recommended. Studies have shown that potential outcomes from leading an unhealthy lifestyle, such as hypertension, diabetes, obesity, and cardiovascular disease increase the risk of SARS-CoV-2 infection as well as the severity and mortality rate 8. Importantly, obesity and hypertension were the most prevalent disorders reported in hospitalized and deceased patients due to COVID-19 9-11. 
Several studies have shown that a baseline sedentary lifestyle increases the mortality of hospitalized patients with COVID-19 12-19. Moreover, engaging in healthy lifestyle behaviors may protect against the most severe consequences of COVID-19 disease including systemic inflammation, and reduced quality of life 12,20,21. Importantly, an unhealthy lifestyle has been considered a risk factor for COVID-19 hospital admission 15. Different mechanisms may explain the protective effect of PA on COVID-19 outcomes and disease severity 14. Regular PA improves immune function, and regularly active individuals have a lower incidence, intensity of symptoms, and mortality from COVID-19 and other various viral infections 22-25. Moreover, regular PA reduces the risk of systemic inflammation, which is considered the primary contributor to lung damage in COVID-19 patients 26. Additionally, it has a protective impact on COVID-19 risk factors such as obesity and hypertension 9,14. Furthermore, we previously reported that a sedentary lifestyles increase the risk of COVID-19 severity and mortality 16. Further, high hospitalization rates have been reported in patients with less cardiorespiratory fitness 27. 
Given this mortality risk in physically inactive COVID-19 patients, this meta-analysis aims to explore the hospitalization, ICU admissions, and mortality rates of COVID-19 patients with a history of PA participation before the onset of the pandemic.

2. Methods
The present study was carried out in accordance with methodological guidelines from the Cochrane Handbook for Systematic Reviews 28. The present study’s findings were reported in accordance with the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) statement (Supplementary Material S1) 29.

2.1. Search strategy
Relevant studies were systematically searched in electronic databases including MEDLINE/ PubMed, CINAHL, Scopus, and medRxiv by two researchers (MA and FM) up to January 2022. The search strategy was as follows: (“severe acute respiratory syndrome coronavirus 2” or “novel coronavirus” or “COVID-19” or “2019-nCoV” or “SARS-CoV-2”) and (“survival” or “fatal outcome” or “mortality” or “death” or “hospitalization” or “intensive care”) and (“physical activity,” or “exercise training,” or “physical training,” or “exercise activity”) (Supplementary Material S2). Furthermore, we searched all reference lists of included studies for any other eligible articles. Language restriction was not considered.

2.2. Eligibility Criteria
The Eligibility criteria followed the PICOs question 30. In prospective and cross-sectional studies, we included studies that examine the relationship between PA and COVID-19 clinical outcomes and have reported at least one of the following outcomes: COVID-19 related mortality, hospitalization, and ICU admission. Furthermore, editorials, letters, commentaries, and abstracts with insufficient data were excluded from the present meta-analysis. 

2.3. Data extraction
First, titles and abstracts of all retrieved articles were screened by two investigators (M.A., F.M.) for relevance. Second, the relevant full-text articles were reviewed for inclusion and the following data were extracted from eligible studies, where available: study design, country, PA documentation, age and gender, relative outcomes, and comorbidity factors. In all stages, discrepancies were resolved through discussion before conducting meta-analysis. 


2.4. Quality assessment
The Newcastle–Ottawa Scale (NOS) was used to assess the quality of studies. The NOS for cohort studies includes 3 domains (quality of selection, comparability, quality of outcome, and adequacy of follow-up), with a maximum score of 9 points 31. Studies with NOS scores of 0 to 3, 4 to 6, and 7 to 9 were considered low, moderate, and high quality, respectively 32.
2.5. Subgroup analysis
We also performed a subgroup analysis to determine the effect of PA levels on our study outcomes based on Metabolic Equivalent of Task (MET) minutes per week. Low and moderate-vigorous PA levels were classed as achieving less than or equal to 500 and higher than 500 MET-min per week, respectively 13,16,33. Additionally, we performed another subgroup analysis to determine the effect of PA induced-adaptation on our study outcomes based on types of exercise related to endurance exercise, resistance exercise, and combined training adaptations.

2.6. Statistical analyses
All meta-analyses were conducted using Review manager (Version 5.4, The Nordic Cochrane Centre, Copenhagen, The Cochrane Collaboration, 2014). Dichotomous outcomes were pooled and expressed as risk ratios (RRs) with 95% confidence intervals (CI) 34. The pooled analysis results were classified based on study types into two categories, prospective cohorts and cross-sectional and the pooled RRs were estimated using the random-effect model. Heterogeneity was calculated using Cochran’s Q statistics and I2. I2 from zero to 24%, 25 to 49%, 50 to 74% and 75 to 100% were interpreted as low, moderate, substantial and considerable heterogeneity 34. Funnel plots with Egger weighted regression test were used for assessing publication bias using STATA version 16. Finally, the overall pooled prevalence of the respective outcomes was re-estimated by the one study removed methods to perform sensitivity analysis.

3. Results
3.1. Study identification and characteristics
A total of 1956 potentially relevant articles were identified in our literature search. Four hundred and sixty studies remained after removing duplicates. After screening titles and abstracts, 1397 research articles were excluded. Of 33 obtained research articles, another 21 articles were excluded (no sufficient data (n=8); editorial or news (n=2) and reviews (n=11); Supplementary Table S2) 35. Finally, twelve articles met the eligibility criteria and were included in the meta-analysis (Figure 1). The characteristics of the included studies are listed in Table 1. Twelve studies involving 1,256,609 cases (991,268 physically active cases and 265,341 physically inactive cases) were included in the meta-analysis. Publication ranged from 2020 to 2021 and the majority of these were from European countries, Iran, China, US, Korea, and Brazil; Characteristics of comorbidity for different groups among the included studies were reported in four studies 16-19 and are listed in Table 2. All included studies were of high quality with NOS scores equal to or greater than 7 (Table 3). The designs of the included studies were as follows: cohort (n = 6) and cross-sectional (n = 6) and we performed a subgroup analysis based on different study types. 

3.2. Physical activity and the risk of COVID-19 hospitalization
Six studies involving 441,651 cases (360,605 physically active cases and 81,046 control cases) reported COVID-19 hospitalization8,14,15,18,36,37. Overall, PA was significantly associated with a reduction in COVID-19 hospitalization compared with control (RR= 0.58, 95% CI 0.46 to 0.73, P=0.00001). Significant heterogeneity was observed among the included studies (I2=92%, P=0.00001) (Figure 2A). According to the study types, the pooled main effect of PA on COVID-19 hospitalization in cohort and cross-sectional studies were RR, 0.58 (95% CI: 0.38, 0.89; P=0.01) and RR, 0.57 (95% CI: 0.43, 0.77; P=0.0003), respectively. Subgroup analysis of PA-induced adaptation according to the type of exercise showed that endurance exercise positively affected COVID-19 hospitalization, but it did not reach a statistically significant difference (RR= 0.90, 95% CI 0.35 to 2.34, P=0.83). Resistance exercise was significantly associated with reduction in COVID-19 hospitalization (RR= 0.27, 95% CI 0.15 to 0.49, P=0.0001; Figure 2B). 

3.3. Physical activity and risk of COVID-19 ICU admissions
Six studies involving 130,774 cases (77,435 physically active cases and 53,339 control cases) were included 8,14,16-19. The random-effect model showed that PA was associated with reduction in COVID-19 ICU admissions compared with control (RR= 0.65, 95% CI 0.52 to 0.81, P=0.0001). The value of I2=73% indicated that significant heterogeneity exists in the included studies (P=0.0001) (Figure 3A). The pooled main effects were comparable for the different study designs: RR = 0.67, 95% CI: 0.51, 0.89; P=0.005 (cohort studies) and RR = 0.60, 95% CI: 0.43, 0.86; P=0.004 (cross-sectional studies). Subgroup analyses that stratified studies based on different PA-induced adaptation showed that the positive effects of endurance and resistance exercises on COVID-19 ICU admissions did not reach a statistically significant difference (RR= 0.78, 95% CI 0.45 to 1.35, P=0.38 and RR= 0.75, 95% CI 0.50 to 1.13, P=0.17; respectively). Whereas aerobic plus muscle strength training was significantly associated with a reduction in COVID-19 ICU admissions (RR= 0.53, 95% CI 0.38 to 0.74, P=0.0002; Figure 3B). Subgroup analyses that stratified studies based on different PA levels, showed no difference between low and moderate-vigorous levels on the decreased risk of COVID-19 ICU admissions (RR= 0.66, 95% CI 0.49 to 0.89, P=0.006 and RR= 0.62, 95% CI 0.48 to 0.80, P=0.0003, respectively). Although, stratifying studies based on different PA levels decreased heterogeneity to I2=0% (P=0.80, Figure 3C). 

3.4. Physical activity and risk of COVID-19 mortality
In total, nine studies involving 867,978 cases (670,357 physically active cases and 197,621 control cases) were included within this meta-analysis 8,12-14,16-19,38. There was a statistically significant association between PA with reduction in COVID-19 mortality compared with control (RR= 0.47, 95% CI 0.38 to 0.59, P=0.00001). The heterogeneity between studies was high, I2=78% (P=0.00001) (Figure 4A). The RRs observed in the cohort and cross-sectional studies were 0.50 (95% CI: 0.39, 0.64, P=0.00001), and 0.41 (95% CI: 0.23, 0.72, P=0.002), respectively (Figure 4B). Subgroup analyses of PA-induced adaptation demonstrated a positive association between endurance exercise with reduction in COVID-19 mortality (RR= 0.41, 95% CI 0.23 to 0.74, P=0.003). In addition, resistance exercise did not have a significant effect on reducing COVID-19 mortality (RR= 0.13, 95% CI 0.01 to 2.06, P=0.15). The positive effect of combined training in reducing COVID-19 mortality, did not reach a statistically significant level (RR= 0.23, 95% CI 0.06 to 0.97, P=0.05), (Figure 4C). Subgroup analyses that stratified studies based on different PA levels in cohort and cross-sectional studies showed no difference between low and moderate-vigorous levels on the risk of COVID-19 mortality (in cohort studies: RR= 0.67, 95% CI 0.54 to 0.84, P=0.0004 and RR= 0.56, 95% CI 0.49 to 0.64, P=0.00001, respectively; in cross-sectional studies: RR= 0.42, 95% CI 0.24 to 0.75, P=0.003 and RR= 0.34, 95% CI 0.21 to 0.54, P=0.00001, respectively). By stratifying studies based on different PA levels, heterogeneity decreased to I2=0% in both cohort (P=0.43) and cross-sectional studies (P=0.95, Figure 4D).
3.5. Sensitivity analysis and publication bias
In  sensitivity analyses, the overall pooled estimates of the respective outcomes obtained in each analysis closely resembled the preliminary associations. Further, funnel plots were checked for the included studies, which suggested no noticeable bias in the present meta-analysis (Figure 5). Additionally, Begg’s correlation rank and Egger’s regression did not show significant publication bias (Table 4). 

4. Discussion
In this study, we performed pooled analyses to estimate the hospitalization, ICU admissions, and mortality rates of COVID-19 patients based on  prior PA engagement. This study is the first meta-analysis to comprehensively compare disease severity in COVID-19 patients according to previous PA levels. The present meta-analysis indicates that PA decreases the risk of hospitalization, ICU admissions, and mortality rates of patients with COVID-19. Moreover, patients with low PA intensity had comparable outcomes with those who had moderate to vigorous activities, suggesting any amount of PA may be beneficial. Furthermore, subgroup analysis showed that the protective effect of PA on COVID-19 hospitalization and mortality is strongest for  resistance exercise and endurance exercise, respectively.
Previous studies have demonstrated that PA reduces the incidence of non-communicable and chronic diseases and the mortality in infectious diseases 39,40. The beneficial effects of regular PA on the immune system have been considered one of the main underlying mechanisms in reducing severe outcomes in both chronic and infectious diseases and their subsequent hospitalization 41-43. Additionally, regular PA has been shown to boost innate immune system responses, including the production of macrophages, natural killer cells, and neutrophils 25,44. More importantly, there is an improvement in acquired immune system function including T cells and antibody responses following regular PA 45,46. In addition to the direct effects of PA on the immune system, the metabolic regulation as a result of participating in regular PA can also improve the innate immune system's response to pathogens 47. Taken together, these mechanisms partly explain the relationship between PA and COVID-19 severe outcomes in the present meta-analysis.
In addition to the beneficial effects on the immune system, PA also brings cardiorespiratory and musculoskeletal adaptations 48. According to the present results, increased muscle strength was associated with a reduced risk of COVID-19 hospitalization. Considering the effects of age on increasing hospitalization 49 and the observed anti-sarcopenia effects of PA 50, participating in regular PA can promote muscle strength while maintaining muscle mass, which effectively prevents the occurrence of severe cases of disease 50,51. Interaction between exercised skeletal muscle and the immune system may be owing to the production of anti-inflammatory cytokines such as IL-6 52. Moreover, in some progressive diseases such as some types of cancer, the maintenance of muscle mass has been associated with more effective immune responses to fight against the severe outcomes of the disease 53,54. Taken together, the present findings and discussed mechanisms indicate that improved muscle strength may be protective from hospitalization in COVID-19 disease. However, more studies are needed to investigate this issue.
In the present meta-analysis, PA was associated with reducing the risk of ICU admission and mortality in COVID-19 patients. Moreover, the risk of mortality was associated with a lower baseline physical fitness. It has been suggested that preexisting health conditions are a major cause of mortality in COVID-19 55. Christensen et al. (2021) have also suggested that although cardiorespiratory fitness may not predict COVID-19 infection, it was a predictor of disease progression and mortality 56. The current study results also support the relationship between the rate of mortality and aerobic fitness. Also, based on the present meta-analysis results, combined exercises may reduce ICU admission rate, which may effectively reduce mortality risk. It seems that cardiorespiratory and muscular adaptations following regular combined exercise training can effectively prevent severe cases and mortality from COVID-19 disease.
Based on the present meta-analysis results, there is no significant difference between low and high levels of PA in ICU admission and mortality rates in COVID-19 patients. Although some studies suggested a link between higher levels of PA and a reduction in COVID-19 mortality, according to the European Cardiovascular Disease Prevention Guidelines, 500-100 MET per week is enough to reduce the risk of cardiovascular diseases 57. Moreover, according to the J-shaped theory of the immune system, long-term high-intensity exercise training can also effectively suppress immune system responses and develop upper respiratory infections 58. Taken together, even moderate to low levels of PA can reduce the risk of severe COVID-19 and mortality. Although, more studies in this field can be helpful.
An important issue raised just after the outbreak of COVID-19 is the decline in PA levels. A population-based study has shown that PA decreased by up to about 27.3% just 30 days after the onset of the COVID-19 pandemic 59. The potential risks of decreased PA in communities and new variants of the virus  (e.g. delta and omicron) requires attention, as the present meta-analysis results indicate that PA is associated with the risk of COVID-19 severe outcomes. General recommendations should continue to seek to improve the level of PA to counteract with possible new strains.
Findings from the present meta-analysis must be interpreted in light of its limitations. First, because most of the studies included in our analysis did not report comorbidities associated with severe COVID-19 outcomes, the association of PA with adverse COVID-19 outcomes may be more exaggerated than indicated by the estimates. More prospective and well-organized studies are warranted to determine the leading cause of hospitalization and mortality in COVID-19 patients and evaluate the impact of different etiologies and clinical factors on prognosis. Second, most of the included studies used the International Physical Activity Questionnaire to measure PA behavior and have not provided enough information about the types of PA and the possibility to reduce COVID-19 outcomes. Third, overall pooled analyses indicated a relationship between PA and COVID-19 severe outcomes. However, our results did not reach statistically significant levels in some analyses likely owing to the paucity of included studies in relation to  PA type and COVID-19 severe outcomes. Therefore, further studies should consider evaluating the impact of specific types of PA on COVID-19 outcomes. Finally, definitions used for the intensity of PA varied between studies and should be consistent in future studies. 

5. Conclusion
In this meta-analysis, we showed that PA decreases the hospitalization, ICU admission, and mortality rates of COVID-19 patients. Additionally, COVID-19 patients with a history of resistance and endurance exercises experience a lower rate of hospitalization and mortality, respectively. The findings of this meta-analysis suggest that public health authorities should continue to encourage people to participate in recommended levels of PA during the COVID-19 pandemic while following public health safety guidelines. 
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Figure Legends
Figure 1. PRISMA flow diagram of study selection.
Figure 2. Forest plot of the relationship between physical activity and the risk of COVID-19 hospitalization based on different (A) study type and (B) physical activity- induced adaptations. 
Figure 3. Forest plot of the relationship between physical activity and the risk of COVID-19 ICU admissions based on (A) study type, (B) physical activity- induced adaptations and (C) physical activity levels. 
Figure 4. Forest plot of the relationship between physical activity and the risk of COVID-19 mortality based on (A) study type, (B) physical activity- induced adaptations and physical activity levels in cohort (C) and (D) cross-sectional studies. 
Figure 5. Funnel plots for publication bias on fatal outcomes of COVID-19.
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Table 1. General characteristics of included studies.  
	Study
	Design
	Country
	Physical activity documentation
	Age (year)
	Gender
	COVID-19 diagnosis
	Outcome

	
	
	
	
	
	
	
	Group (n) 
	Hospitalization, n (%)
	ICU admissions, n (%)
	Mortality,
n (%)

	Ahmadi et al. 2021 12
	Community-based cohort 
	UK
	International physical activity questionnaire
	56.5 ± 8.1

	F= 255 838
M= 212 731
	RT-PCR
	Inactive (92 221)
Insufficient (140 609)
Sufficient (232 603)
	NR
	NR
	112 (12%)
115 (0.08%)
160 (0.06%)

	Cho et al. 2021 13
	Nationwide case-control 
	Korea
	Self-reported questionnaire
	50.7 ± 14.3

	F= 3832
M= 2456
	RT-PCR
	Physically inactive (1313)
Light (1752)
Moderate (861)
Vigorous (2362)
Moderate to vigorous (3223)
	NR
	NR
	31 (33.7%)
27 (29.3%)
4 (4.3%)
13 (14.1%)
17 (18.5%)

	de Souza et al. 2021 36
	Cross-sectional 
	Brazil
	International physical activity questionnaire
	18-80

	F= 658
M= 371
	RT-PCR
	None (485)
1 times/week (192)
≥2 times/week (261)
	36 (13.8%)
19 (9.9%)
36 (7.4%)
	NR
	NR

	Ekblom‑Bak et al. 2021 14
	Case-control 
	Sweden
	Self-reported questionnaire
	49.9 ± 10.7

	F= 254
M= 603
	RT-PCR
	Never/irregular (293) 
1–2 times/week (254)
≥3 times/week (232)
	181 (36%)
157 (32%)
159 (32%)
	67 (43%)
49 (31%)
41 (26%)
	45 (36%) 
48 (38%)
32 (26%)

	Halabchi et al. 2021 8
	Cross-sectional
	Iran
	Electronic health record
	492.3 ± 11.9

	F= 2629
M= 2065
	RT-PCR
	Inactive (4445)
Active (249)
	820 (18.4)
28 (11.2)
	58 (1.3)
2 (0.8)
	79 (1.8)
0 (0)

	Hamer et al. 2020 15
	Community-based cohort 
	UK
	International physical activity questionnaire
	57.1 ± 9.0

	F= 173 038
M= 214 071
	RT-PCR
	None (68 913)
Insufficient (108 707)
Sufficient (209 489)
	186 (27%)
192 (17%)
382 (18%)
	NR
	NR

	Hamrouni et al. 2021 38
	Prospective cohort
	UK
	International physical activity questionnaire
	37-73

	F= 135 884
M= 123 603
	RT-PCR
	Low (47 827)
Moderate (105 564)
High (106 006)
	NR
	NR
	109 (27%)
150 (38%)
138 (34%)

	Lee et al. 2021 16
	Nationwide cohort 
	Korea
	Personal medical interview
	20-60 

	F= 37 272
M= 39 123
	RT-PCR
	Insufficient training (41 293)
Resistance training (18 994)
Endurance training (5036)
Combined training (11 072)
	NR
	273 (21.1)
25 (16.7)
109/561 (19.4)
39/291 (13.4)
	32 (2.5)
0 (0.0)
11 (2.0)
2 (0.7)

	Maltagliati et al. 2021 37
	Cross-sectional 
	27 European countries
	Self-reported questionnaire
	69.3 ± 8.5

	F= 1763
M= 1376
	RT-PCR
	Hardly ever or never (1167)
1 times/week (541)
>1 times/week (1161)
1-3 times/month (270)
	36 (54%)
10 (15%)
15 (23%)
5 (/%)
	NR
	NR

	Salgado-Aranda et al. 2021 17
	Retrospective cohort 
	Spain
	Rapid physical activity questionnaire
	54.3±10.7

	F= 236
M= 284
	RT-PCR
	Inactive (297)
Active (223)
	NR
	26 (8.8%)
14 (6.3%)
	41 (13.8%)
4 (1.8%)

	Sallis et al. 2021 18
	Retrospective observational 
cohort
	US
	Electronic health record

	47.5 ±16.97

	F= 29 992
M= 18 447
	RT-PCR
	Consistently inactive (6984)
Some activity (38 338)
Consistently meeting PA guidelines (3118)
	732 (10.5%)
3405 (8.9%)
99 (3.2%)
	195 (2.8%)
972 (2.5%)
32 (1%)
	170 (2.4%)
590 (1.5%)
11 (0.4%)

	Yuan et al. 2021 19
	Cross-sectional
	China
	Personal medical interview
	61.8±13.6
	F= 80; M= 84
	RT-PCR
	Inactive (103)
Active (61)
	NR
	26 (25.2)
3 (4.9)
	6 (5.8)
0 (0.0)



Table 2. Characteristics of comorbidity for different groups among the included studies.  
	Study
	Comorbidity factor

	
	Group (n) 
	BMI, mean (SD)
	Diabetes, n (%)  
	CVD, n (%)
	Hypertension, n (%)  
	COPD, n (%)  
	Smoker , n (%)  

	Lee et al. 2021 16
	Insufficient training (41 293)
Strength training (18 994)
Aerobic training (5036)
Combined training (11 072)
	23.8 (3.9) 
23.7 (3.3)
24.1 (3.8)
24.1 (3.5)
	3738 (9.1)
355 (7.1)
1745 (9.2)
680 (6.1)
	1372 (3.3)
151 (3.0)
601 (3.2)
233 (2.1)
	8245 (20.0)
832 (16.5)
3866 (20.4)
1585 (14.3)
	NR
	7130 (17.3)
934 (18.6)
3382 (17.8)
2230 (20.1)

	Salgado-Aranda et al. 2021 17
	Inactive (297)
Active (223)
	NR
	44 (14.8)
25 (11.2)
	10 (3.4)
6 (2.7)
	107 (36)
55 (24.7)
	20 (6.7)
5 (2.2)
	20 (6.7)
8 (3.6)

	Sallis et al. 2021 18
	Consistently inactive (6984)
Some activity (38 338)
Consistently meeting PA guidelines (3118)
	32.2 (7.39)
31.3 (7.06)
28.2 (5.45)
	2665 (14.9)
15 133 (81.1)
851 (3.4)
	689 (16.5)
3410 (81.6)
82 (2)
	1682 (15.6)
8827 (81.7)
297 (2.7)
	788 (14.5)
4449 (81.7)
210 (3.9)
	1558 (15.5)
8008 (79.6)
492 (4.9)

	Yuan et al. 2021 19
	Inactive (103)
Active (61)
	NR
	19 (18.4)
12 (19.7)
	14 (13.6)
4 (6.6)
	37 (35.9)
15 (24.6)
	10 (9.7)
2 (3.3)
	9 (8.7)
8 (13.1)


BMI, body mass index; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.














Table 3. Summary of the Newcastle-Ottawa scale for bias assessment of included studies.  
	Cohort study
	Selection (4)
	Comparability (2)
	Outcome (3)
	Total

	Author
	Representativeness of exposed cohort
	Selection of non-exposed cohort
	Ascertainment of exposure
	Demonstration that outcome of interest was not present at the start of study
	Study control for age and sex
	Additional factors; controlled for ≥ 2 variables including comorbidities
	Assessment of outcome
	Was follow-up long enough for outcomes to occur
	Adequacy of follow up of cohorts
	9

	Ahmadi et al. 2021 12
	1
	1
	1
	1
	1
	0
	1
	1
	1
	8

	Hamer et al. 2020 15
	1
	1
	1
	1
	1
	0
	1
	1
	1
	8

	Hamrouni et al. 2021 38
	1
	1
	1
	1
	1
	0
	1
	1
	1
	8

	Lee et al. 2021 16
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Salgado-Aranda et al. 2021 17
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Sallis et al. 2021 18
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Cross-sectional study
	Selection (5)
	Comparability (2)
	Outcome (3)
	Total

	Author
	Representativeness of the sample
	Sample size
	Non-respondents
	Ascertainment of exposure
	The subjects in different outcome groups are comparable, based on the study design or analysis. Confounding factors are controlled.
	Assessment of the outcome
	Statistical test
	10

	de Souza et al. 2021 36
	1
	0
	1
	2
	1
	1
	1
	7

	Maltagliati et al. 2021 37
	1
	1
	1
	2
	1
	1
	1
	8

	Yuan et al. 2021 19
	1
	0
	1
	2
	2
	1
	1
	8

	Cho et al. 2021 13
	1
	1
	1
	2
	1
	1
	1
	8

	Ekblom‑Bak et al. 2021 14
	1
	0
	1
	2
	1
	1
	1
	7

	Halabchi et al. 2021 8
	1
	1
	1
	2
	1
	1
	1
	8


		
Table 4. Results of the subgroup analysis based on fatal outcomes of COVID-19.
	Risk factors
	Effect measures
	Number of study
	Effect size (95% CI)
	Heterogeneity
	Begg’s test P-value
	Egger’s test P-value

	
	
	
	
	I2
	P-value
	
	

	Hospitalization rate
	RR
	6
	0.58 (0.46-0.73)
	92%
	0.00001
	1.98
	0.657

	Hospitalization rate based on Type of exercise
	RR
	2
	0.50 (0.22-1.10)
	96%
	0.00001
	1.93
	0.102

	ICU admissions rate
	RR
	6
	0.65 (0.52-0.81)
	73%
	0.0001
	1.92
	0.534

	ICU admissions rate based on PA levels
	RR
	1
	0.64 (0.52-0.77)
	0%
	0.80
	1.74
	0.217

	ICU admissions rate based on Type of exercise
	RR
	4
	0.74 (0.50-1.09)
	85%
	0.00001
	1.70
	0.86

	Mortality rate
	RR
	9
	0.47 (0.38-0.59)
	78%
	0.00001
	1.85
	0.141

	Mortality rate based on type of exercise
	RR
	3
	0.38 (0.22-0.67)
	83%
	0.00001
	1.78
	0.819

	Mortality rate based on PA levels in cohort studies
	RR
	4
	0.59 (0.53-0.66)
	0%
	0.43
	1.77
	0.309

	Mortality rate based on PA levels in cross-sectional studies
	RR
	1
	0.37 (0.25-0.52)
	0%
	0.95
	1.26
	0.367




















Records excluded 
(n = 535)
Records screened 
(n = 568)
Records after duplicates removed 
(n =568)
Identification
Included
Screening

Additional records identified through other sources 
(n = 931 (medRxiv))
Records identified through database searching (n = 1025)
(PubMed: 178; MEDLINE: 229; Scopus: 548; CINAHL: 70)













Articles excluded (n = 21)
No sufficient data (n = 8)
Editorials or news (n = 2)
Reviews (n = 11)

Eligibility
Full-text articles assessed for eligibility 
(n =33)





Studies included in qualitative synthesis 
(n =12)







Figure 1. PRISMA flow diagram of study selection.


A: Effect of any type of exercise on COVID-19 hospitalization by study type
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B: Effect of type of exercise on COVID-19 hospitalization. 
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Figure 2




A: Effect of any type of exercise on COVID-19 ICU admission by study type.
[image: P854#yIS1]

B: Effect of type of exercise on COVID-19 ICU admission. 
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C: Effect of level of physical activity exercise on COVID-19 ICU admission. 
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Figure 3















A: Effect of any type of exercise on COVID-19 mortality by study type. [image: P881#yIS1]

B: Effect of type of exercise on COVID-19 mortality. 
[image: P884#yIS1]
C: Effect of level of physical activity exercise on COVID-19 mortality (cohort studies). 
[image: P886#yIS1]

D: Effect of level of physical activity exercise on COVID-19 mortality (cross-sectional studies). 
[image: P889#yIS1]

Figure 4
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Experimental  Control Risk Ratio Risk Ratio
Study or Subgroup Events _Total Events Total Weight M.H,Random,95%Cl 4 Random, 95% CI
11.1.1 Cohort studies
Anrmac 2021 (nsuffcient) 115 140808 112 95221 B7%  0.70[0.54,0.80] -
Anmadi 2021 (sufcient) 160 232613 112 95221 B8%  0.58[0.45,0.74] -
Harnrouni 2021 (high ntensity raining) 138 106006 108 47827 88%  0.57[0.44,073] -
Harntouni 2021 (moderate intensity raining) 150 105584 108 47827 B8%  0.62[0.49,0.80] -
Lee 2021 (Aerobic training) 11 1888 32 41203 52%  075(038,1.48) —
Lee 2021 (Corntine training) 2 1072 32 41203 20%  023(0.06,007]
Lee 2021 (8trength training) 0 503 32 41203 0E% 013001208 —
Salyado-Aranda 2021 4 13 @ 297 33% 01300503 —_—
Sallis 2021 (Consistently meeting PA guidelines) 113118 170 6984 58%  0.14[008,027) —
Sallis 2021 (some actiit) se0 38338 170 6eB4  9.4%  0E3[053,075] N
Subtotal (85% Ci) 661573 424240 616%  050[039,0.64]
Total events 1181 a1
Heterageneity: Talr = 0.08; ChF= 36.37, = 8 (P < 0.0001); = 75%
Test for overall efect Z= 5,60 (P < 0.00001)
11.1.2 Cross-sectional studies
Cho 2021 (Light) 27 ATz 31 1313 6% 085(039,109) —
Cho 2021 (Moderate to vigorous) 1732 3 1313 59%  0220012,040) —
Cho 2021 (Moderate) 4 8Bl 3 133 32% 0200007056 —
Cho 2021 (Vigorous) 13 232 31 1313 55%  023(012,044) —
EKblom-Bak 2021 (1-2 fimesiweel) 48 138 45 138 82%  107(077,149 T
EKblom-Bak 2021 (= 3 timesiweel) 32 13 45 138 7% 0710048,108) -
Halabehi 2021 0 29 73 4445 06% 011001180 —
Yuan 2021 0 el 6 103 06% 013001228 —
Subtotal (95% CI) 8784 10076 38.4% 041[0.23,072] d
Total events 141 208
Heterogeneity: Tau?= 0.44; Chi 7 <0.00001) F
Test for overal efect Z-
Total (95% C1) 670357 434316 100.0% 047[0.38,0.59] *
Total events 1322 1218
Heterageneity: Talr = 0.14; ChF= 76,46, if= 17 (P < 0.00001); F= 78% bo0s & 1 5 T

Testfor oversll effect: Z= B.44 (P < 0.00001)
Testfor subaroun differences: Chi

0.44 di=1(P=051)

o

Favours [experimental] Favours [control]
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Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events _Total Weight M.H,Random,95%Cl MH, Random, 95¢% CI
14.1.1 Endurance exercise

Cho 2021 (Light) 27 72 3 133 127%  065(039,1.08] —
Cho 2021 (Moderate) 4 881 3 AW3 as% 020007056 —_—

Cho 2021 (Moderate to vigorous) 17323 3 133 123%  022(012,040] —

Cho 2021 (Vigorous) 13 232 3 1313 120% 023012044 —
Ekblom-Bak 2021 (high) 1138 3. 138 81%  003(000,023 ¢
Ekblom-Bak 2021 (i0w) 40 138 32 138 133%  125(084,187] T
Ekblorr-Bak 2021 (moderate) 23 13 32 138 129%  07200.44,116] —
Lee 2021 (Aerobic training) 1118984 32 41203 117%  075(035,1.48] —
Subtotal (95% CI) 46959 89.5% 041[0.23,074] >
Total events

Heterogeneity: Tau’= 0 57 Ch 86%

Test for overall eflct Z= 2.04 (P= 0.003)

14.1.2 Resistance exercise

Lee 2021 (@trength training) 0 503 32 41293 3% 013[0.01,208) ¢—————F—
Subtotal (95% C1) 5036 41293 34% 013 [0.01, 2.06] e ——
Total events 0 el

Hetetogeneity: Not applicable

Test for overall efect Z= 1.45 (P= 0.15)

14.1.3 Combined exercise

Lee 2021 (Corntine training) 2 11072 32 41293 74%  023(0.06,007]

Subtotal (95% Ci) 1072 41293 74%  0230006,097]

Total events 2 el

Hetetogeneity: Not applicable

Test for overall efect Z= 2.00 (P = 0.05)

Total (95% CI) 43714 129545 100.0%  0.38[0.22,067]

Total events 138 316

Heterageneity: Tal = 0.57; ChP= 5211, df= 8 (P < 0.00001); F= 83%

Test for verall eflct Z= 3.3 (P = 0.0007) O g

Testfor subaroun differences: Chi

10, df= 2 (P = 0.58).

o

Favours [control] Favours [PA]
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Physical activity ~  Control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M.H,Fixed,95%Cl MLH, Fixed, 95% C1
7.1.1 Low intensiy.

Anmaci 2021 (less than 600 per week) 115 140808 112 85221 18.4%  0.70[0.54,000) -

Lee 2071 (1-500) 53 s052 38 20811 74% 0820041094 —

Subtotal (95% CI) 190661 118032 25.8%  0.67[0.54,0.84] *

Total events 188 181

Heterogensity: Ch = 0.22, = 1 (= 0.64); F= 0%

Testfor averal efect: Z= 3.52 (P = 0.0004)

17.1.2 Moderate vigrous intensity

Anmadi 2021 (hgherthan 600 perweek) 160 232613 112 95221 219%  058(0.46,074) -

Harntouni 2021 (pigger than 3000) 138 108008 109 47827 207%  0.57(0.44,073) -

Harntouni 2021 (righer equal than 600 150 105564 109 47827 207%  0.62(0.49,080] -

Lee 2021 (500-1000) 172853 38 2811 57% 038022068 -

Lee 2021 (nigher equal than 1000) 1318873 38 20811 50%  038[0.20,071) —

Subtotal (95'% C1) 490088 236497 74.2%  056[0.49,064] +

Total events 478 408

Heterogeneity: Ch*= 4.01, df = 4 (= 0.40); -

Testfor overal efect: Z= 8.38 (P < 0.00001)

Total (95% C1) 680749 354529 100.0%  0.59[0.53,0.66] ‘

Total events 646 559

Heterogensity: Ch = 5,82, = 6 (= 0.43) F= 0% b F—TT
Testfor overal effect: Z= 8.98 (P < 0.00001) frol] Favours [PA
Test for subaroup differences: Chi*= 1.88. df=1 (P= 017, P= 46.8%
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Physical activity  Control Odds Ratio Odds Ratio
Study or Subgroup Events _Total Events Total Weight M-H,Fixed, 95% CI ixed, 95% C1
18.1.1 Low intensity
Cho 2021 (less than 500 MET-minfweek) 19 1885 31 1313 332%  0.42[0.24,075) ——
Subtotal (95% CI) 1886 1313 33.2%  042[0.24,0.75] >
Total events 19 E
Hetetogeneity: Not applicable
Test for overall efect Z= 2.95 (P = 0.003)
18.1.2 Moderate vigrous intensity
Cho 2021 (1000-1500 MET-rinweek) 6 752 3 1313 206%  033(014,080) —_
Cho 2021 (500-1000 MET-rinweek) 16 1973 311313 338%  0.34[015,062] ——
Cho 2021 (higher than1 500 MET-minfweek) 3 34 3 1313 123%  0340010,113 —_—
Subtotal (95% CI) 3089 3039 668%  034[021,054] >
Total events 25 a3
Heterogeneity: Chi*= 0.0, df= 2 (P = 1.00); P
Test for overall efect Z= 4.58 (P < 0.00001)
Total (95°% CI) 4975 5252 100.0%  0.37[0.25,0.52] *>
Total events a 124

Heterogeneity: Chi*=0.35, df= 3 (P = 0.95); = 0%
Testfor oversll effect: Z= 5.47 (P < 0.00001)
Testfor subaroun differences: Chi

0.34 df=1 (P =056

oo 01 10
Favours [control] Favours [PA]

100




image10.png
N .
..
.
s -5





image11.png




image12.png




image13.png




image14.png




image15.png




image16.png




image17.png




image18.png




image19.png
Log risk-ratio

Pseudo 95% ClI @ Studies
Estimated 6y






