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Abstract

Background: Many people have experienced a high burden due to the spread of the coronavirus disease (COVID-19) an®
serious consequences for health and everyday life. Prior studies have reported that physical activity (PA) may lower the risk of
COVID-19 hospitalization. The present meta-analysis explored the dose—response relationship between PA and the risk of COVID-
19 hospitalization.

Methods: Epidemiological observational studies on the relationship between PA and the risk of COVID-19 hospitalization
were included. Categorical dose-response relationships between PA and the risk of COVID-19 hospitalization were assessed
using random effect models. Robust error meta-regression models assessed the continuous relationship between PA (metabolic
equivalent [Met]-h/wk) and COVID-19 hospitalization risk across studies reporting quantitative PA estimates.

Results: Seventeen observational studies (cohort\case—control\cross-section) met the criteria for inclusion in the meta-analysis.
Categorical dose-relationship analysis showed a 40% (risk ratio [RR] 0.60, 95% confidence interval [Cl]: 0.48-0.71) reduction in
the risk of COVID-19 hospitalization compared to the lowest dose of PA. The results of the continuous dose-response relationship
showed a non-linear inverse relationship (P, ;. ..., < -05) between PA and the risk of COVID-19 hospitalization. When total PA was
< or >10 Met-h/wk, an increase of 4 Met-h/wk was associated with a 14% (RR = 0.83, 95% ClI: 0.85-0.87) and 11% (RR = 0.89,
95% CI: 0.87-0.90) reduction in the risk of COVID-19 hospitalization, respectively.

Conclusions: There was an inverse non-linear dose-response relationship between PA level and the risk of COVID-19
hospitalization. Doses of the guideline-recommended minimum PA levels by the World Health Organization may be required for
more substantial reductions in the COVID-19 hospitalization risk.

Abbreviations: COVID-19 = coronavirus disease 2019, Cl = confidence interval, Mets = metabolic equivalents, MPA =
moderate-intensity PA, PA = physical activity, REMR = robust error meta-regression, RR = risk ratio, VPA = vigorous-intensity PA,

WHO = World Health Organization.
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1. Introduction

The coronavirus disease 2019 (COVID-19) outbreak con-
tinues worldwide. As of December 12, 2022, COVID-19
has caused 647,972,911 infections and 6,642,832 deaths
worldwide.!"l With the evolution of COVID-19, the mortal-
ity cases caused by COVID-19 are getting lower and lower.
However, the number of hospitalized and severe cases caused
by COVID-19 is still high. It is essential to identify high-risk
groups that require special attention under these conditions.?!
For non-communicable disease outcomes, lifestyle risk factors
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have been consistently associated with morbidity, mortality,
and loss of disease-free life.[>* For example, physical inactiv-
ity and smoking appear to be independently associated with a
higher risk of community-acquired pneumonia morbidity and
mortality.>¢!

It is also well established that the risk of developing a respi-
ratory disease is much higher in people with low physical activ-
ity (PA), whereas COVID-19 patients with a physically inactive
lifestyle (e.g., sedentary behavior) are more likely to be hospital-
ized and have a greater likelihood of poor clinical outcomes.!”!
Moreover, it has previously been shown that regular PA and
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higher physical fitness levels enhance immune function and,
therefore, might reduce susceptibility to COVID-19 infection
and infection severity.» Recent studies retrospectively evalu-
ating cohorts of COVID-19-positive adults have described the
benefit of regular PA in decreasing the incidence of adverse
outcomes in confirmed cases of COVID-19.0'%!!I Another recent
study confirmed there were protective associations of PA for
adverse COVID-19 outcomes across demographic and clini-
cal characteristics according to a retrospective cohort study
for 194,191 adults with COVID-19 infection. As this study
concluded that adults, regardless of demographic category or
chronic disease status, should be encouraged to increase phys-
ical exercise time as another COVID-19 mitigation strategy.!'?!

Research on such topics is just emerging, and the impact
of PA on the infectious and clinical outcomes of COVID-19
remains clear. However, the protective effects of different lev-
els of PA against COVID-19 are controversial. Rahmati et al
conducted a meta-analysis on this topic, which did not address
the controversy regarding the protective effects of different lev-
els of PA."3 In addition, Rahmati et al classified the case—con-
trol group as a cross-sectional study. In a meta-analysis, they
assumed cardiopulmonary function as PA, which inevitably led
to unconvincing results. Finally, the study only used the binary
variables of PA included in the literature to analyze the outcome
variables, ignoring the moderate dose in the multi-level doses,
making it difficult to explain the heterogeneity generated by the
meta-analysis studies. Sittichai et al found that engaging in reg-
ular PA, even in different patterns, has beneficial effects on the
severity and mortality of COVID-19 patients by meta-analysis.
But he did not include the study for hospitalized cases.!'*

Consequently, no systematic review or meta-analysis has
reported the exact dose-response relationship between pre-di-
agnosis PA and COVID-19 hospitalization. Furthermore, there
is still substantial uncertainty regarding the association between
pre-diagnosis PA levels and hospitalization due to COVID-19
among the general population. To precisely quantify the associa-
tion between pre-diagnosis PA and the risk of COVID-19 hospi-
talization, we conducted a systematic review and meta-analysis
of observational studies published up to May 8, 2022.

2. Materials and methods

2.1. Inclusion criteria

The criteria for inclusion, and each article determined for inclu-
sion, were discussed by 3 authors, and the discussions on inclu-
sion and exclusion occurred >3 times. The inclusion criteria
were as follows: studies published as epidemiological observa-
tional cohort studies, case—controls, and cross-sectional design
investigation studies; studies providing at least an odds ratio,
relative risk (RR or hazard ratio), and 95% confidence interval
(CI) between the level of PA and the risk of hospitalization for
COVID-19, or raw data provided to calculate these indicators.
The repeated literature was excluded. Only the latest studies
were selected if they were conducted at different time points in
the same cohort. Additionally, if multiple articles were published
in the same group, we chose articles where subjects were fol-
lowed for a longer time or with a larger sample size.

2.2. Search strategy

We searched PubMed (1980 to the present) and the Web of
Science database (1980 to the present) for literature on the
relationship between PA and the risk of COVID-19 hospitaliza-
tion. The search strategy used keywords such as “exercise or PA
or sport or walking or motor activity,” “COVID-19 or SARS-
CoV-2,” and “severe or hospitalization.” These searches were
screened for cohort studies, case controls, and cross-sectional
design studies. The latest search date was April 2022, and there
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was no language limit. The reference lists of the selected and
related review articles were screened to identify potentially rel-
evant studies. All searches were conducted independently by 2
authors, and the differences were resolved by group discussion.

2.3. Quality assessment

The Newcastle-Ottawa Scale was used to evaluate literature
quality, and scores of 0 to 3, 4 to 6, and 7 to 9 were determined
as low, moderate, and high quality, respectively.'>! Each article
was evaluated independently by 2 authors and cross-checked. In
the group meeting, the results were publicized, and the reasons
for the score of each item were specified. If the evaluation of the
literature quality was inconsistent, the group focused on solving
the final score of its quality.

2.4. Synthesis methods

Stata 16.0 software (StataCorp LLC) was used for the
meta-analysis. The P value was set at P < .05, and all tests were
double-sided. The effect value-adjusted RR and 95% CI of the
group with the highest dose of PA compared to the control
group with the lowest dose of PA in each study were combined.
The combined effect values were calculated using a random-ef-
fects model. Heterogeneity was assessed and described using I?
statistics as the percentage of variation in the study; I? values of
25%,50%, and 75% represented low, moderate, and high levels
of heterogeneity, respectively.'’l Egger and Begg tests were used
to determine publication bias. During the sensitivity analysis,
each study was deleted one by one to check whether the com-
bined effect of the remaining studies had changed.!'"’ The sub-
group meta-analysis was conducted according to PA intensity
classification (low-intensity PA, vigorous-intensity PA [VPA],
moderate-to-vigorous PA, moderate-intensity PA [MPA]), sex,
age, study area, study quality, and adjustment for confounding
factors. Meta-regression was used to examine the heterogeneity
among studies.

According to categorical and continuous dose PA, this
study analyzed the dose-response relationship with the risk
of COVID-19 hospitalization. Categorical doses were divided
into dichotomous and multi-classified doses shown in the study,
and the combined effect value RR was generated by comparing
the highest and lowest doses. To analyze the continuous dose—
response relationship, we calculated the total weekly dose of PA
for each effect value RR based on the PA intensity, duration, and
weekly frequency of the baseline survey provided in the litera-
ture. Furthermore, we assumed that the dose remained at this
level during the follow-up survey. To determine the exposure
value of the included dose, the median was set as the determined
dose. If the development interval was <0.5, it was set to 0.25. If
the upper open interval was >1, the difference between the inter-
mediate dose intervals was 0.25, and the exposure value was set
to 1.25.1"1 Metabolic equivalent (Met)-h/wk was considered as
the final unit of analysis. These are combined absolute indices
of intensity, duration, and frequency used to calculate exposures
to Met units not directly reported in the literature. Met, a phys-
iological measure of PA energy, is defined as energy expenditure
per kilogram of body weight per hour: 1 Met = 1 kcal/kg * h. To
address the differences in PA units in different studies, we used
Ainsworth et al’s classification, classifying PA into low-intensity
PA (3 Mets, such as walking exercise, moderate-intensity MPA
(4 Mets), and high-intensity VPA (8 Mets).!"8! We then converted
the duration of a particular PA intensity (h/wk) to Met-h/wk in
combination with the frequency of the week.

To establish the dose-response relationship between PA and
the risk of hospitalization for COVID-19, robust error meta-re-
gression (REMR) was used for model fitting.!"” The REMR
approach is based on a “one-stage” framework that treats each
study as a cluster and fits the revised regression to the average
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PA dose across the entire dataset. In addition, the method also
uses the inverse variance method to weigh each dose-specific
effect in the data and balances heteroscedasticity in the REMR
model to ensure unbiased estimation of parameters. Finally,
we used restricted cubic splines as connection functions to fit
the linear and non-linear dose-response models. Based on the
dose-centralization treatment, the independent variable PA dose
of the model was set as 3 nodes (0, 6.75, and 21), including 2
regression splines. The y? test was used to test the hypothesis
that the regression coefficient of the second regression spline is
significant (P < .05), indicated by a linear or non-linear dose—
response relationship. A dose-response relationship curve was
drawn using the Stata software XBLC command.!”

3. Results

3.1. Study selection and characteristics

In total, 170 articles were preliminarily identified. According
to the literature inclusion and exclusion criteria formulated in
this study, 17 studies, including seven cohort studies, 5 case—
control studies, and 5 cross-sectional design studies, were
finally included. There were 1,038,768 subjects and about
3022 hospitalized COVID-19 cases (some studies had not

www.md-journal.com

reported the number of cases). The steps for retrieval and inclu-
sion are shown in Figure 1. The characteristics of the litera-
ture are listed in Table 1. Among the 17 studies, 3 were from
North America,l'%?%2!1 7 were from Asia,!''**?"1 6 were from
Europe,?*331 and 1 was from Oceania.’* Eight studies were
considered high quality, as indicated by their Newcastle-Ottawa
Scale quality scores of >7. The other 9 studies were considered
of moderate quality.

3.2. Categorical analysis between PA and COVID-19
hospitalization

Compared with the lowest PA dose, the highest PA in the
included studies reduced the risk of COVID-19 hospitalization
by 40% (RR = 0.60, 95% CI: 0.48, 0.71). The heterogeneity
test result was I = 66.22% (P < .01), indicating substantial het-
erogeneity of the study results (Fig. 2). The pooled effect size
results did not change significantly after excluding each study
from the sensitivity analysis (online supplemental appendix A
S1, Supplemental Digital Content, http:/links.lww.com/MD/
1415). Published bias analysis with Begg test P = .54 > .03,
Egger test P = 1.330 > .05, and funnel diagram also showed no
significant published bias (online supplemental appendix B S2,
Supplemental Digital Content, http:/links.lww.com/MD/I416).
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Figure 1. Flow diagram of studies considered for inclusion in the systematic review.
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Summary of the extracted studies.

Measurement and

Author(yr) Country Study type Case\total Age(SD) Female % categories of PA Adjustment* QA

AlKetbi(2021) AUH Cohort 135\641 44(NP) 36% Self-report PA: five Categories(- NP 5
times\w)

Brandenburg(2021) CA Case—control NP\263 86%<65 57% PA-R: No, Moderate, <1 h of vigor- 256891215 7
ous, >1h of vigorous

Bielik (2021) SLK Cohort 104\2343 18-65 49% Physically active(>3 times\w), NP 5
cold-water swim

Ekblom-Bak (2021) SWE Case—control 172/407131 49.9(NP) 30% Never/irregular, 1-2 times/w, > 3 12516 7
times/w

Katsoulis(2021) UK Cohort NP\ 85308 18-69(NP) NP Self-report PA: Low, Gentle, Moder- 1279 7
ate, Vigorous

Hamer (2020) UK Cohort 760\387109 56.2+8.0 55.1% IPAQ: Sufficient\ Insufficient\ None 12689 7

Halabchi(2021) Iran Cross-section 60\4694 36.45+9.77 55% Regular sports participation (yes/no) NP 6

Hamdan (2021) PLE Cross-section 59\300 305+12.2 55.0% PA questionnaire: yes\no NP 5

Lee (2021) KR Cohort 277\118768 51.2% Self-report PA: None, Gentle, Moder-  125-914 16
ate, Vigorous

Latorre—Roman (2021) Spanish Cross-section NP\420 33 (20-54) 52.6% IPAQ: Moderate PA > 150 min\w, 1 6

al.,2021 30-150 min\w, None

Malisoux (2022) LUX Cohort 106\452 42 (31-51) 48% PA questionnaire: yes\no 1235161819 7

Maltagliati (2021) France Case—control 66\3139 69.3+8.5 53% 4-point PA scale ranging (>1, 1; 125781219 9
<1; 0\week)

Souza et al (2021) Brazil Cross-section 91\938 33.4% IPAQ: Sufficient > 150 min/w(mod- 1219 7
erate), Insufficient

Sallis(2021) USA Cohort 1199\2970 47+16.97 61.9% UPAG: Active, inactive, some activity 1-15 9

Steenkamp(2021) /A Cohort NP\65361 41+121 48.2% Low activity, Moderate activity, High 126891415 8
activity

Tavakol (2021) Iran Cross-section 64\188 18-75(NP) 52.7% GPAQ: Low, Moderate to high NP 6

Yuan (2021) CN Case—control 29\164 61.8+13.6 48.8% Self-report PA: Inactivity, activity NP 6

Case/ total: Number of cases and total sample size. Age characteristics: Single value indicates mean age, others are age range.

NP = Not reported. AUH = United Arab Emirates, CA = Canada, CN = China, ESP = Spain, GPAQ = Global physical activity questionnaire, IPAQ = International Physical Activity Questionnaire, KR = Korea,
LUX = Luxembourg, PA = physical activity, PA-R = physical activity rating questionnaire, PLE = Palestine, SLK = Slovak, SWE = Switzerland, UPAG = US Physical Activity Guidelines, ZA = New Zealand.
* Adjustment factors: 1 age, 2 gender, 3 socioeconomic status, 4 race, 5 body mass index (BMI), 6 cardiovascular disease, 7 cancer, 8 diabetes, 9 hypertension, 10 use of antihypertensive drugs, 11
corticosteroids, 12 chronic lung/ respiratory disease, 13 liver disease, 14 human immunodeficiency virus (HIV), 15 end-stage renal disease and immune disease, 16 smoking, 17 alcohol,18 sedentary

behavior, 19 comorbidities.

The effect values of the cohort study, case-control study, and
cross-sectional design study were 0.63 (95% CI: 0.54, 0.71),
0.59 (95% CI: 026, 0.91), and 0.58 (95% CI: 0.42, 0.74),
respectively.

As for the source of heterogeneity (presented in Table 2),
between-group heterogeneity only appeared in the compara-
tive analysis of the relationship between PA at different dose
levels and the risk of hospitalization for COVID-19 (P < .01),
indicating that PA at different doses significantly reduces the
risk of hospitalization. Within-group heterogeneity appeared in
the multi-dose PA, case—control study, high quality, European,
adjustment for age, sex, adjustment for high blood pressure,
adjustment for diabetes, adjustment for cancer, and cardiovas-
cular diseases subgroup, illustrating that the subgroup study
effect value of the results may not be stable. The results may be
affected by other factors.

3.3. Continuous dose-response relationship between PA
and COVID-19 hospitalization

Figure 3 shows the continuous dose-response relationship. The
results showed a negative non-linear relationship between PA
and the risk of hospitalization for COVID-19 (P _ . . <.01).
When PA < 10 Met-h/wk, an increase of 4 Met-h/wk (1 hour of
moderate-intensity or 1/2 an hour of high-intensity) was asso-
ciated with a 14% reduction in the risk of hospitalization for
COVID-19 (P < .01, RR = 0. 86, 95% CI: 0.85-0.87). When
PA > 10 Met-h/wk, the risk of hospitalization for COVID-19
decreased by 11% for each additional 4 Met-h/wk (P < .01, RR
=0.89,95% CI: 0.87-0.90).

4. Discussion

This study is the first dose-response meta-analysis of the
relationship between PA and the risk of COVID-19 hospital-
ization. The literature included observational studies on the
relationship between PA and the risk of COVID-19 hospital-
ization. Through a meta-analysis of the categorical dose, our
main conclusion is that the risk of COVID-19 hospitalization
is reduced by 40% compared with the lowest dose of PA. For
continuous dose-response analysis, we confirmed that the rela-
tionship between PA and the risk of COVID-19 hospitalization
is non-linear and inverse. For every 4 Met-h\wk PA increase,
the risk of COVID-19 hospitalization decreased by 11 to 14%.
Sensitivity and published bias analyses further support these
results, and these main quantitative features have important
clinical significance.

The dose-response association between PA and the risk of
COVID-19 hospitalization has been previously reported. As for
the categorical analysis, Rahmati et al observed that PA was sig-
nificantly associated with a reduction in COVID-19 hospitaliza-
tion compared with control (RR = 0.58) by meta-analysis.['3! In
the present study, we observed a similar RR of 0.60. However,
we included multiple categorical analysis data with different PA
dose levels to analyze the relationship between PA and the risk
of COVID-19 hospitalization. We observed significantly differ-
ent protective effects of varying PA levels on the hospitalization
risk of COVID-19 by heterogeneity analysis. Compared to the
results obtained by Rahmati et al, our observations are more
abundant.

As for the continuous analysis, Malisoux et al observed an
inverse dose-response association between PA and the risk of
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First author; year m (95% CI) Weight
Cohort \
AlKetbi et al.,2021 € + 0.56 (0.01, 4.66) 0.06
Bielik et al.,2021 —|¢—— 0.70 (0.40, 1.21) 1.87
Katsoulis et al.,2021 —— 0.74 (0.35, 1.58) 1.02
Lee et al 2021 —— 0.66 (0.45, 0.96) 4.02
Malisoux et al.,2021 —_— 0.37(0.14,0.98) 0.61
Hamer et al.,2020 - 0.72 (0.60, 0.86) 17.81
Steenkamp et al.,2022 * 0.59(0.52,0.62) 74.61
Subtotal (l-squared = 0.0%, p = 0.493) 0 0.62 (0.57, 0.66) 100.00
Case-control :
Brandenburg et al.,2021 —— 0.65(0.28, 1.48) 5.69
Ekblom-Bak et al..2021 (- 1.14(0.88, 1.48) 58.40
Maltagliati et al.,2021 —_— 0.42(0.15,0.74) 6.20
Sallis et al.,2021 —— 0.57 (0.39, 0.84) 26.81
Yuan et al.,2021 —_— 0.19(0.06, 0.62) 2.89
Subtotal (I-squared = 78.5%, p = 0.001) < 0.82 (0.67, 1.00) 100.00

1
Cross-Section i
Latorre-Roman et al.,2021 _—— 0.24(0.05, 1.04) 2.72
Hamdan et al.,2021 —— 0.80 (0.43, 1.55) 15.24
Halabchi et al.,2021 —— 0.67 (0.46,0.99) 42.65
Souza et al., 2021 —— 0.66 (0.44, 0.99) 36.87
Tavakol et al.,2020 —_—— 0.26 (0.04, 0.94) 2.51
Subtotal (I-squared = 0.0%, p = 0.496) < 0.65 (0.51, 0.83) 100.00
Heterogeneity between groups: p = 0.032 i
Overall (I-squared = 53.4%, p = 0.005) ° 0.64 (0.60, 0.68) .

1

T ; T
.01 1 100

Figure 2. Forest plot showing categorical analysis between PA and the risk of COVID-19 hospitalization. COVID-19 = coronavirus disease 2019, PA = physical

activity.

moderate COVID-19 illness, and increased PA was associated
with a slightly lower risk of moderate illness (odds ratio: 0.99,
CIL: 0.98-1.00).1% In the present study, we observed a similar
inverse dose-response association between PA and the risk
of COVID-19 hospitalization. An increase of 4 Met-h/wk PA
was associated with a 12 to 17% (RR = 0.83-0.88) reduction
in the risk of COVID-19 hospitalization. A 4 Met-h/wk PA is
equivalent to 1 hour MPA or half an hour high VPA; our results
are more specific and close to a practical exercise. Otherwise,
the observed dose-response relationship between PA and the
risk of COVID-19 hospitalization was non-linear. We assumed
that after 10 Met-h/wk, the degree of enhancement in lower-
ing the risk of moderate COVID-19 illness when PA increase is
weakened. However, the threshold is 30 Met-h/wk according
to the J-shaped association of PA and risk of moderate illness
by Malisoux et al?’! Meanwhile, our meta-analysis findings are
more robust and specific, and we observed increasing PA bene-
fits for the inpatient burden due to COVID-19.

This difference in the magnitude of risk reduction for
COVID-19 hospitalization could be related to differences in
the mechanism through which PA modifies the risk of respira-
tory viral infections. This is supported by previous studies that
showed a stronger association between maximal fitness exercise
capacity and the risk of hospitalization due to COVID-19.5!
Exercise capacity is an important index for measuring overall
health and the ability of the body to cope with external stress-
ors. More specifically, it is an important index to bear the bur-
den on the heart and lungs.’®) However, PA greatly influences
exercise capacity; more specifically, regular moderate-intensity
to vigorous-intensity aerobic exercise daily can improve exer-
cise capacity. In addition, the beneficial effects of regular PA on
the immune system may involve several mechanisms, including

enhanced immunosurveillance, reduced systemic inflammation,
improved regulation of the immune system, and delayed onset
of immunosenescence.*>¥! A recent meta-analysis investigated
the effects of regular PA on the immune system.® This study
showed that moderate to vigorous intensity exercise (e.g., walk-
ing, running, cycling) is overall beneficial with a lower con-
centration of neutrophils and a higher concentration of CD4
T helper cells and salivary IgA. These biochemical indicator
changes may be the critical mechanism for regular PA to lower
the risk of hospitalization due to COVID-19.

As for the analysis of the confounding factors, results on
between-subgroup heterogeneity showed significant heteroge-
neity in all subgroups adjusted for underlying disease. Thus,
confounding factors of underlying disease significantly affected
the association between PA and the risk of hospitalization.
However, contrary to expectations, heterogeneity was observed
in the within-subgroup analysis adjusted for age, sex, and body
mass index. This indicated that our data failed to demonstrate
significant differences in the impact of PA on the risk of hos-
pitalization for COVID-19 according to age, sex, and body
weight. This may be because the overall heterogeneity of this
meta-analysis was precisely concentrated in these subgroups.
The other possible reason is that the effect of PA on reducing
the risk of COVID-19 hospitalization is very stable among these
different demographic characteristics.

The World Health Organization's global recommendation on
the health benefits of PA states that adults have at least 150
minutes of moderate-intensity aerobic PA per week, at least 75
minutes of high-intensity aerobic PA per week, or a combina-
tion of moderate and high-intensity activities; this is equivalent
to 10 met h/wk.ll Our analyses also show that when the PA
level is >10 met h/wk, the risk of hospitalization for COVID-19
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Subgroup analysis.
Subgroup N RR (95% Cl) 12 (%) P P
Total effect size (highest vs lowest) 17 0.60(0.48, 0.71) 66.22 .01
PA categories Binary dose* 7 0.51(0.33,0.69) 4543 .09 24
Multi-dose* 10 0.65(0.51.0.79) 68.34 .02
Multi-class dose Highest versu lowest 12 0.59 (0.55,0.63) 0 .86 <.01
comparison* Moderate versu lowest 13 0.75(0.65,0.85) 26.88 .33
Study type Cohort 7 0.63 (0.54,0.71) 20.83 .53 .85
Case—control 5 0.59 (026,0.91) 82.07 .00
Cross-section 5 0.58 (0.42,0.74) 2.05 .28
Study quality »7 8 0.67 (0.53,0.81) 70.32 .02 A
7< 9 0.49 (0.32,0.66) 38.93 15
Different continent Europe 6 0.68 (0.43,0.94) 68.68 .02 46
Asia 7 0.49 (0.30,0.68) 46.31 e
Others (America) 4 0.59 (0.54,0.64) 0 .96
Adjusted confounding factor
Age Yes 10 0.63(0.51,0.75) 66.73 .01 .36
No 7 0.51(0.29,0.74) 43.20 14
Sex Yes 10 0.65 (0.54,0.78) 59.93 .03 15
No 7 0.47 (0.25,0.69) 44.89 12
BMI Yes 7 0.66 (0.48,0.84) 67.76 .02 29
No 10 0.54 (0.40,0.87) 43.12 15
Adjusted baseline disease
Hypertension Yes 8 0.58 (0.31,0.85) 10.28 57 .83
No 9 0.61 (0.55,0.67) 71.22 .00
Diabetes Yes 8 0.61(0.55,0.87) 11.67 49 91
No 9 0.59 (0.34,0.84) 67.09 .00
Cardiovascular Yes 8 0.61(0.55,0.87) 11.67 49 91
No 9 0.59 (0.34,0.84) 67.09 .00
Cancer Yes 6 0.57 (0.45,0.69) 0 .70 75
No 1 0.61(0.43,0.79) 80.95 .00

P and P* represent heterogeneity within and between subgroups, respectively.
BMI = body mass index, Cl = confidence interval, PA = physical activity, RR = risk ratio.

Multi-dose comparison *: The highest dose is >10 h-met/wk and the lowest dose, and the moderate dose is <10 h-met/wk. The binary dose is generally expressed as exercise and non-exercise.

* Multiple dose grouping represents the highest, relative and lowest dose comparison, at least 3 levels.
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Figure 3. Continuous dose-response relationship between PA and the risk
of COVID-19 hospitalization. COVID-19 = coronavirus disease 2019, PA =
physical activity.

is reduced, but the degree of reduction becomes significantly
smaller. The practical significance of this conclusion is that PA
or exercise within 10 met h/wk has the most apparent effect
on reducing the risk of hospitalization for COVID-19, with an
additional benefit for reducing the risk when PA level exceeds
10 met h/wk.

Increased hospitalization due to COVID-19 is a threat to
health and a heavy disease burden on all aspects, such as individ-
uals and the country. We found that increased PA significantly
reduces the hospitalization risk of COVID-19, and PA should be

a positive factor in decreasing the COVID-19 disease burden.
However, the Global Burden of Diseases 2019 ranked low PA
19th out of 20 risk factors in terms of disability-adjusted life
years, down from 10th in the equivalent 2010 Global Burden
of Diseases publication.?** Moreover, PA decreased in all age
groups, independent of sex, due to the COVID-19 pandemic,
according to a recent meta-analysis.'*!! In the face of the global
spread of COVID-19, we must regain the vital role of PA in
reducing the burden of the disease. The conclusions of our study
will undoubtedly have significant implications for public health.

Finally, our study is the first meta-analysis on the dose—
response relationship between PA and the hospitalization risk of
COVID-19. The results of this study are based on a large sample
cohort study, case—control group study, and the advantages of a
long period of follow-up investigation by cohort study; there-
fore, the results are relatively stable. However, this study may
have limitations. First, the literature we included may be insuf-
ficient in the continuous dose-response analysis. One possible
reason for this is that we set strict inclusion criteria. In addition,
cohort studies require long-term follow-up surveys and exten-
sive sample data. Therefore, few cohort studies have been con-
ducted on related topics. Second, the methods of PA evaluation
included in the literature of this study are subjective measure-
ments, which may lead to inaccurate doses, and different mea-
surement and observation methods of physical activities and
hospitalized cases may have a significant impact on the research
conclusion. In addition, exercise habit is based on the assump-
tion that there is no change in the long-term follow-up; that is,
the dose of PA is constant in the long-term observational study.
This assumption may make the results inaccurate. Moreover, the
results of some cohort studies included were not adjusted for
confounding factors such as sex, age, and other concomitant
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medical conditions, which should be paid attention to in future
studies.

5. Conclusions

There was an inverse non-linear dose-response relationship
between PA levels and the risk of COVID-19 hospitalization.
An increase in the PA dose significantly reduced the hospi-
talization risk of COVID-19. The degree of risk reduction
is weakened when PA is >10 Met-h/wk. Doses of the guide-
line-recommended minimum PA levels by the World Health
Organization may be required for more substantial reduc-
tions in the COVID-19 hospitalization risk. Future studies
with different doses of PA or exercise interventions are needed
to determine the optimum PA dose required for COVID-19
prevention.
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