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Abstract
Background: The 2019 coronavirus disease pandemic (COVID-19) poses an enormous threat to public health worldwide, and the ensuing management of social isolation has greatly decreased opportunities for physical activity (PA)
and increased opportunities for leisure sedentary behaviors (LSB). Given that both PA and LSB have been established
as major influencing factors for obesity, diabetes and cardiometabolic syndrome, whether PA/LSB in turn affects the
susceptibility to COVID-19 by disrupting metabolic homeostasis remains to be explored. In this study, we aimed to
systematically evaluate the causal relationship between PA/LSB and COVID-19 susceptibility, hospitalization and severity using a Mendelian randomization study.
Methods: Data were obtained from a large-scale PA dataset (N = 377,000), LSB dataset (N = 422,218) and COVID-19
Host Genetics Initiative (N = 2,586,691). The causal effects were estimated with inverse variance weighted, MR-Egger,
weighted median and MR-PRESSO. Sensitivity analyses were implemented with Cochran’s Q test, MR-Egger intercept
test, MR-PRESSO, leave-one-out analysis and the funnel plot. Risk factor analyses were further conducted to investigate the potential mediators.
Results: Genetically predicted accelerometer-assessed PA decreased the risk for COVID-19 hospitalization (OR = 0.93,
95% CI 0.88–0.97; P = 0.002), while leisure television watching significantly increased the risk of COVID-19 hospitalization (OR = 1.55, 95% CI 1.29–1.88; P = 4.68 × 10–6) and disease severity (OR = 1.85, 95% CI 1.33–2.56; P = 0.0002) after
Bonferroni correction. No causal effects of self-reported moderate to vigorous physical activity (MVPA), accelerometer
fraction of accelerations > 425 milligravities, computer use or driving on COVID-19 progression were observed. Risk
factor analyses indicated that the above causal associations might be mediated by several metabolic risk factors,
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including smoking, high body mass index, elevated serum triglyceride levels, insulin resistance and the occurrence of
type 2 diabetes.
Conclusion: Our findings supported a causal effect of accelerometer-assessed PA on the reduced risk of COVID-19
hospitalization as well as television watching on the increased risk of COVID-19 hospitalization and severity, which
was potentially mediated by smoking, obesity and type 2 diabetes-related phenotypes. Particular attention should be
given to reducing leisure sedentary behaviors and encouraging proper exercise during isolation and quarantine for
COVID-19.
Keywords: Physical activity (PA), Leisure sedentary behavior (LSB), COVID-19, Mendelian randomization (MR), Causal
effect

Introduction
Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus-2 (SARSCoV-2), has struck humans globally with devastating
impacts [1, 2]. The incredible rapid worldwide spread of
COVID‐19 prompted the World Health Organization
(WHO) to declare COVID‐19 a pandemic on 11 March
2020 [3, 4]. Since SARS-CoV-2 spreads from person to
person among those in close contact (within two meters)
primarily through respiratory droplets and subsequently
causes COVID-19, controlling infectious sources, blocking the transmission routes, and protecting the susceptible population are still the main measures to control its
transmission worldwide [5]. Therefore, considering the
high contagiousness and serious adverse consequences
of COVID-19, identifying behavior-related susceptibility factors of COVID-19 would facilitate effective policies and personalized treatments to control the epidemic
spread and save social health care expenditures.
Due to mandatory quarantine requirements, the
COVID-19 pandemic has created an environment that
reduces habitual physical activity (PA) and promotes
excessive time spent in leisure sedentary behaviors (LSB)
[6]. Notably, a recent outbreak of highly contagious delta
and omicron variants might further exacerbate this problem for a period of time [7]. Observational studies have
reported a protective effect of PA on COVID-19 hospitalization [8]. LSB, defined as any awake behavior characterized by an energy expenditure of less than 1.5 metabolic
equivalents in a sitting or reclining posture, such as sedentary television watching, computer using and driving
[9, 10], have been shown to increase the risk of obesity
[11], type 2 diabetes (T2D) [12], cardiovascular disease
[13], cancers [14], and overall mortality [15], and to pose
a substantial public health burden. Moreover, obesity
[16, 17], type 2 diabetes [18, 19] and cardiometabolic
disease [20, 21] are well-documented risk factors for
severe COVID-19. Thus, we hypothesized that PA might
decrease the risk of COVID-19 hospitalization and severity, whereas LSB potentially increases the risk by disrupting metabolic homeostasis. Indeed, recent (small-sample)

studies have shown that people who engage in regular
physical activity exhibit much lower odds of COVID-19
hospitalization, severe complications and mortality than
those who are consistently inactive [22, 23]. However,
direct evidence of the causal impact of LSB on COVID19 susceptibility, severity and hospitalization characteristics remains lacking.
Owing to the inherent defects of conventional designs,
existing observational studies are unable to entirely
exclude the possibility of reverse causality and confounding factors, which potentially results in biased associations and conclusions [24]. Moreover, randomized
controlled studies (RCTs) are unethical and impractical
to perform on this topic due to the requirement of significant personnel resources and time-consuming follow-up. Mendelian randomization (MR) is increasingly
applied to infer credible causal relationships between
risk factors and disease outcomes [25]. Based on the random assortment of genetic variants during meiosis, MR
used environmental exposure-related genetic variations
as instrumental variables (IVs) to assess the association
between exposures (e.g., LSB and PA) and outcomes (e.g.,
COVID-19 characteristics) [26]. Since genetic variants
are randomly assigned at conception prior to disease
onset, MR analysis could efficiently preclude confounding factors and identify causal determinants of a certain
outcome [27].
Given the uncertainty about the causal association
between LSB/PA and COVID-19, in the present study,
we applied the MR design to evaluate the potential causal
effect of PA/LSB on COVID-19 susceptibility, hospitalization and severity traits using large-scale genomewide association study (GWAS) data. Overall, this study
assesses the impacts of physical restrictions on COVID19, identifies the susceptible subpopulations with a
sedentary lifestyle during the pandemic, and provides
constructive suggestions for preventive intervention
strategies.
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Methods
Study design

In this study, we performed a two-sample Mendelian randomization analysis to examine the causal effects of PA
and LSB on COVID-19 susceptibility, hospitalization and
severity using GWAS summary statistics. This instrumental-variable analysis mimics RCT with respect to the
random allocation of single nucleotide polymorphisms
(SNPs) in offspring (independent of confounding factors
such as sex and age). In addition, this MR design has to
fulfill three assumptions: (i) genetic instruments predict
the exposure of interest (P < 5 × 10–8); (ii) genetic instruments are independent of potential confounders; (iii)
genetic instruments affects the outcome only via the risk
factors [28].
Exposure GWAS‑physical activity and leisure sedentary
behaviors

GWAS data for physical activity were obtained from
the UK Biobank [29, 30]. The data were adjusted for
covariates including age, sex, genotyping chip, first ten
genomic principal components, center, season (month)
for center visit or wearing an accelerometer. Physical
activity included three phenotypes: self-reported moderate to vigorous physical activity (MVPA), accelerometer-assessed PA, and accelerometer-assessed fraction
accelerations > 425 milligravities. A detailed description
of the above PA phenotypes can be found in the original
article of Doherty Aiden et al. [29]. The IVs for PA were
identified by the following criteria raised by Martin Bahls
et al.: (1) SNPs at the genome-wide significance level
(P < 5 × 10–8); (2) SNP clumping using the PLINK algorithm (r2 threshold = 0.001 and window size = 10 mB);
and (3) removal of SNPs exhibiting potential pleiotropic
effects [31]. One of the SNPs for MVPA was missed in
the GWAS of COVID-19. Therefore, 16, 7 and 7 SNPs
were used as IV for MVPA, accelerometer measure PA
and fraction accelerations > 425 milligravities in our
study, respectively (Additional file 1: Table S1–S3).
Candidate genetic instruments for leisure sedentary
behaviors were extracted from the latest summary-level
GWAS consisting of 422,218 European ancestry participants from the UK Biobank [9]. In the present GWAS
meta-analyses, leisure sedentary behaviors mainly
included three categories: leisure television watching,
leisure computer use, and driving. The amount of time
participants spent on each of the three behaviors was
recorded by answers to the following questions: “On a
typical day, how many hours do you spend on watching
television?”, “On a typical day, how many hours do you
spend using a computer? (Do not include using a computer at work)” and “On a typical day, how many hours
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do you spend driving?”. The reported average daily time
spent watching television watching was 2.8 hours (h)
[standard deviation (SD) 1.5 h], computer use was 1.0 h
(SD 1.2 h), and driving was 0.9 h (SD 1.0 h). After adjusting covariates, including age, sex, body mass index,
smoking status, hypertension, diabetes, Townsend deprivation index, physical activity levels, alcohol use per week
and years of education, 209 television watching-related
SNPs, 35 computer use-related SNPs, and 4 drivingrelated SNPs were identified (P < 1 × 10–8) [9].
In addition, rigorous filtering steps were performed
to control the SNP quality before MR analysis. First,
we aggregated SNPs in linkage disequilibrium (LD,
R2 ≥ 0.001 and within 10 mb). Second, to quantify the
strength of the genetic instruments, SNPs with an F statistic less than 10 were excluded. Third, SNPs were associated with the appropriate exposure at the genome-wide
significance threshold P < 5 × 10−8. Fourth, harmonizing
processes were conducted to exclude ambiguous and palindromic SNPs (EAF > 0.42). Finally, SNPs with potential
pleiotropy were removed after MR-pleiotropy residual
sum and outlier (MR-PRESSO), and MR analysis was
reperformed to evaluate the robustness. Finally, 84, 21
and 4 SNPs were used as IVs respectively for television
watching, computer use and driving, respectively. Details
of the SNPs used as instrumental variables were displayed in Additional file 1:Tables S4–S6.
Outcomes in GWAS: COVID‑19 phenotypes

Summary statistics for COVID-19 phenotypes were
extracted from the latest version of the COVID-19 Host
Genetics Initiative (HGI) GWAS meta-analyses (Round
6, June 2021) [32]. In total, 2,586,691 participants of
European ancestry were enrolled. COVID-19 phenotypes included COVID-19 susceptibility, hospitalization, and severe clinical outcomes. Briefly, the diagnosis
of COVID-19 cases was based on laboratory-confirmed
infection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), electronic health records or doctor diagnosis of COVID-19, or self-reported COVID-19
infections from the patients. The outcome of COVID-19
susceptibility compared COVID-19 cases (N = 112,612)
with population controls without a history of COVID19 (N = 2,474,079). Hospitalized COVID-19 cases were
defined as having laboratory-confirmed SARS-CoV-2
infection or being hospitalized with COVID-19-related
symptoms. The outcome of COVID-19 hospitalization
compared hospitalized COVID-19 cases (N = 24,274)
with population controls not experiencing hospitalization for COVID-19 (including those without COVID-19)
(N = 2,061,529). Severe COVID-19 cases were defined as
hospitalized COVID-19 individuals requiring respiratory
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support, including intubation, continuous positive airway pressure (CPAP), bilevel positive airway pressure
(BiPAP), continuous external negative pressure, or highflow nasal cannula. The outcome of COVID-19 severity
compared severe COVID-19 cases (N = 8,779) with individuals without severe COVID-19 (including those without COVID-19) (N = 1,001,875). The COVID-19 GWAS
dataset was adjusted for age, age2, sex, age × sex, principal components and study-specific covariates by the original GWAS investigators [33].
Mendelian randomization analyses

To address the potential pleiotropic effects of genetic
variants, four MR analytical methods were performed
to evaluate the causal effects of LSB and PA on COVID19 in this study. We applied standard inverse variance
weighted (IVW) estimates for the main analysis, which
combined the Wald ratio of each SNP on the outcome
and obtained a pooled causal estimate. Overdispersion
was allowed in this method. Furthermore, additional MR
analyses, such as MR-Egger regression, weighted median,
and Mendelian randomization pleiotropy residual sum
and outlier (MR-PRESSO) methods, were implemented
as complements to the IVW, because these methods
could provide more robust estimates over a wider range
of scenarios. MR-Egger regression could provide a test
for unbalanced pleiotropy and considerable heterogeneity, whereas it requires a larger sample size for the same
underexposure variation [34]. The weighted median
method provides consistent estimates of effect, when at
least half of the weighted variance provided by horizontal pleiotropy is valid [35]. Moreover, similar to previous
studies by our group as well as other researchers, a stringent instrument P value threshold was used and recalculated if the results from different MR analyses were
inconsistent [36].
Sensitivity analysis

Horizontal pleiotropy occurs when genetic variants associated with the exposure of interest (LSB) directly affect
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the outcome (severe COVID-19) through multiple pathways other than the hypothesized exposure. Therefore,
we further conducted Cochran’s Q statistic, funnel pot,
leave-one-out (LOO) analyses and MR-Egger intercept
tests to detect the presence of pleiotropy and assess the
robustness of the results. Specifically, heterogeneity was
detected if the P value of the Cochran Q test was less
than 0.05. We also appraised horizontal pleiotropy based
on the intercept term derived from MR-Egger regression.
To determine whether the causal estimate was driven by
any single SNP, we performed LOO analysis, through
which each exposure-associated SNP was discarded by
turns to repeat the IVW analysis.
Risk factors

To explore the underlying mechanisms genetically linking
PA and LSB with COVID-19, we further calculated several potential mediators for analysis, including body mass
index (BMI), serum lipid levels, type 2 diabetes, fasting
insulin level, and smoking. Genetic effects on the BMI
were obtained from the Genetic Investigation of Anthropometric Traits (GIANT) consortium [37]. For the lipid
profile, we used GWAS data on triglycerides and total
cholesterol from the UK Biobank [38]. Genetic information for T2D was obtained from the Diabetes Genetics
Replication and Meta-analysis (DIAGRAM) consortium
[39]. For fasting insulin, we obtained the GWAS data
from the Meta-Analyses of Glucose and Insulin-related
traits Consortium (MAGIC) [40]. GWAS summary data
for two tobacco smoking phenotypes were obtained from
the Tobacco and Genetics (TAG) consortium, including
former versus current smokers and the number of cigarettes smoked per day [41]. Detailed information on each
data source was displayed in Table 1. PA and LSB were
treated as exposures, and the above potential risk factors were used as outcomes to perform Mendelian randomization. Estimates of IVW were assessed as the main
results. P < 0.05 was regarded as significant.

Table 1 Data source of the COVID-19-related risk factors
Traits

Consortium

Sample size

Ancestry

PubMed ID

Body mass index

GIANT

322,154

European

25673413

Total cholesterol

UK Biobank

17,802

European

31217584

Triglycerides

UK Biobank

441,016

European

32203549

Type 2 diabetes

DIAGRAM

69,033

European

22885922

Fasting insulin

MAGIC

51,750

European

22581228

Former versus current smoker

TAG

41,969

European

20418890

Cigarettes smoked per day

TAG

68,028

European

20418890
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Statistical analysis

To account for multiple testing in our primary analyses, a
Bonferroni-corrected threshold of P < 0.0028 (α = 0.05/18
outcomes) was applied. The MR estimates were presented
as odds ratios (OR) with corresponding 95% confidence
intervals (CI), which provided an estimate of the relative COVID-19 risk caused by each standard deviation
(SD) increase in the time spent on television watching,
computer use and driving. All analyses were performed
by the packages TwoSampleMR (version 0.4.25) and
MRPRESSO (version 1.0) in R (version 3.6.1).

Results
MR estimates

Among the tested PA phenotypes, IVW analysis indicated
that accelerometer assessed PA decreased the risk for
COVID-19 hospitalization (OR = 0.93, 95% CI 0.88–0.97;
P = 0.002). The results from other MR methods showed
a consistent but nonsignificant direction (Additional
file 1: Table S7 and Fig. 1c). Genetically proxied leisure
television watching was significantly associated with an
increased risk of COVID-19 hospitalization (OR = 1.55,
95% CI 1.29–1.88; P = 4.68 × 10–6), and greater disease
severity (OR = 1.85, 95% CI 1.33–2.56; P = 0.0002) in the
IVW analysis (Fig. 1d–e). Similar causal estimates for
COVID-19 hospitalization were obtained from other MR
models, including WM (OR = 1.58, 95% CI 1.24–2.02;
P = 0.0002), and MR-PRESSO regression (OR = 1.54,
95% CI 1.29–1.84; P = 7.81 × 10–6). Moreover, a positive causality between genetic predisposition toward
leisure television watching and COVID-19 severity was
also detected using MR-PRESSO analysis (OR = 1.90,
95% CI 1.39–2.58; P = 0.0001), whereas WM analysis
presented a nominally significant result (OR = 1.65, 95%
CI 1.04–2.62; P = 0.03) (Fig. 1f ). However, we did not
observe evidence of causal association between television
watching and COVID-19 susceptibility, hospitalization
or severity using the MR-Egger analysis. In addition, no
causal association was detected between genetic liability
for MVPA, accelerometer fraction of accelerations > 425
milligravities, computer use or driving and COVID-19
risk (Fig. 1a–f ).
Sensitivity analyses

To assess the robustness of the above results, a series
of sensitivity analyses, including Cochran’s Q test, MREgger intercept test, and MR-PRESSO global test, were
conducted (Table 2). All P values of the MR-Egger intercept tests were > 0.05, indicating that no horizontal pleiotropy existed. However, heterogeneity was observed in
the Q test analysis between accelerometer-assessed PA
and COVID-19 hospitalization (Q = 17.52, P = 0.008),
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television watching and COVID-19 hospitalization
(Q = 112.82, P = 0.01), television watching and COVID19 severity (Q = 90.33, P = 0.04), and driving and COVID19 susceptibility (Q = 116.22, P = 0.01). Even though
heterogeneity was detected in certain results, it did not
invalidate the MR estimates as random-effect IVW in
the current study, which might balance the pooled heterogeneity. In addition, Egger intercepts did not detect
any pleiotropy, suggesting that no pleiotropic bias was
introduced to MR estimates in the context of heterogeneity (Fig. 2a, c, e). No heterogeneity was detected in
other analyses. Moreover, LOO analysis revealed that no
SNP drove the results, and funnel plots were symmetrical (Fig. 2b, d, f ), indicating that none of the estimates
were violated (Additional file 2: Figures S1–S2).
Risk factor analysis

To further investigate the potential mediators linking
television watching to an increased risk of COVID-19,
we assessed its effects on several common risk factors
for COVID-19 using MR methods. As shown in Table 3,
the causal effect of accelerometer assessed PA on hospitalization was not biased by potential risk factors. For
LSB, every 1 SD hour (2.8 h) increase in watching television was found to be significantly associated with
0.66 mmol/L higher total cholesterol, 31% lower odds
of smoking cessation among smokers, 0.25 higher BMI,
0.26 mmol/L higher serum triglycerides, 82% higher risk
of T2D, and 0.15 pmol/L higher fasting insulin. Collectively, our findings suggested that metabolic disorders
and smoking behaviors might be responsible for LSBlinked COVID-19 susceptibility according to the risk factor analyses.

Discussion
Using large-scale GWAS data from the UK Biobank and
the COVID-19 Host Genetics Initiative (HGI), this study
implemented multiple MR approaches to appraise the
possible causal association of PA/LSB with COVID-19
susceptibility and progression. We demonstrated that
accelerometer-assessed PA causally decreased the risk
for COVID-19 hospitalization (7%), and leisure television watching causally increased the rate of COVID-19
hospitalization (55%) and severity (85%). In view of the
worldwide prevalence of COVID-19, the emergence of
new variants and the necessity of isolation measures,
our study provides novel insight into reducing the risk
of COVID-19 hospitalization and progression by underscoring the necessity of physical activity management
during quarantine and stay-at-home mandates.
With the COVID-19 pandemic, people were prone to
reduce PA and increase time spent in LSB, due to social
distancing restrictions and isolation requirements [22].
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However, COVID-19 is a novel and rapidly changing disease caused by SARS-CoV-2 and its variants, the related
risk factors for which are even more unclear. Notably,
sustained physical inactivity and sedentary behaviors are
typically associated with poor physical and mental health
and an increased risk of multiple chronic diseases, including obesity, type 2 diabetes, cardiovascular disorders and
cancer [11, 12, 14, 15]. A Community-Based Cohort
Study in the UK demonstrated that unhealthy behaviors
accounted for 51% of the population attributable fraction
of severe COVID-19, according to the estimates of risk
factor prevalence [23]. Specifically, unhealthy lifestyles
of physical inactivity, smoking and obesity were demonstrated to increase the risk of COVID-19 with ORs
varying from 1.32 to 2.05 [23]. Despite of these results
from small-scale observational studies, direct evidence
for the causal relationship between sedentary behaviors
and COVID-19 is still lacking [42]. Compared with relatively impractical large-scale prospective clinical trials
requiring long-term observation, the MR study sheds a
new light on the causal relationship between PA/LSB and
COVID in a time- and cost-efficient way.
Intriguingly, leisure television watching causally
increased COVID-19 hospitalization and severity rate,
which was in accordance with multiple investigations
that recognized television watching as the main leisuretime associated sedentary behavior [43]. This result
implicated a biological heterogeneity behind domainspecific sedentary behaviors and indicated the importance of distinguishing different sedentary behaviors
during COVID-19 management. Compared with other
sedentary traits, television watching was the most canonical leisure sedentary behavior that shifted the energy
balance toward an energy surplus through fewer breaks,
lower energy expenditure and excessive energy (especially snacks) intake [9, 44, 45]. Recent studies illustrated
that low energy expenditure manifested by increased
BMI was associated with a higher risk of COVID-19 hospitalization and severe complications, including sepsis
and respiratory failure [46]. Consistent with these previous findings, our MR analyses clearly indicated a causal
association of television watching with COVID-19 hospitalization and severity but not COVID-19 susceptibility.
Our results suggested that particular attention should be
given to the lifestyle of COVID-19 patients during quarantine. For example, patients should be encouraged to
reduce time spent watching television and appropriately
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increase energy-consuming exercise to improve physical
fitness.
Additionally, our in-depth analyses elicited several
potential explanations for this causal association between
television watching and COVID-19. We first identified several obesity-related phenotypes, including BMI,
triglycerides, fasting insulin and T2D, that might play a
mediating role linking television watching with COVID19 incidence. Substantial evidence suggests that obesity
and T2D can lead to chronic low-grade inflammation
and immune dysregulation, resulting in compromised
activation and function of these adaptive immune cells
in response to SARS-CoV-2 [47]. Zhang et al. reported
that elevated total cholesterol and ApoB levels might
increase the risk of COVID-19 infection using MR analyses. Similar to these findings, our results further implied
that elevated triglyceride levels should also be monitored in COVID-19 patients [48]. In addition, previous
research showed that the proportion of current smokers accumulated with the increase in time spent watching television [45]. Likewise, our study confirmed that
increased television watching led to a lower likelihood
of smoking cessation among smokers. Given that smoking behavior is a well-established cause of COVID-19,
it might serve as a key intermediate factor in the television watching-COVID-19 pathway. Additionally, previous MR studies unveiled a causal association between
psychiatric disorders and COVID-19 [49, 50]. Compared
with computer use and driving, television watching is a
more immersive, less reflective and communicative form
of leisure entertainment. Sustained television viewing
was consistently accompanied by poor physical and mental health (such as anxiety and depression), which might
partially contribute to COVID-19 as well. Finally, elderly
people tended to spend more time on watching television
as a leisure entertainment, whereas the young population
were more likely to use computers or drive. Thus, more
attention should be given to elderly people with respect
to their physical activity instructions during COVID-19
pandemic social restrictions. Notably, further studies are
warranted to determine the exact degree of LSB mediation for COVID-19. Without specific mediation analysis, the direct effect of television watching on COVID-19
could not be determined.
Taken together, our findings supported the hypothesis that LSB (especially television viewing) increases
COVID-19 risk, and strategies to enhance physical

(See figure on next page.)
Fig. 1 Causal effects for physical activity and leisure sedentary behaviors on COVID-19 susceptibility (a, b), hospitalization (c, d) and severity (e, f).
Summary of the Mendelian randomization (MR) estimates derived from the inverse-variance weighted (IVW), weighted median (WM), MR-Egger,
and MR-PRESSO methods. MVPA: self-reported moderate to vigorous physical activity
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Table 2 Sensitivity analysis of the causal association between leisure sedentary behaviors and the risk of COVID-19
Exposure

Outcome

Cochran Q test
Q value

MVPA

Accelerometer assessed PA

Accelerometer fraction of accelerations > 425 milligravities
Television watching

Susceptibility

Driving

P

Intercept

P

MR-PRESSO
P value

5.37

0.50

0.009

0.29

0.70

Hospitalization

17.08

0.31

0.73

0.33

Severity

13.98

0.53

− 0.008
0.03

0.48

0.54

Susceptibility

11.77

0.70

0.002

0.86

0.52

Hospitalization

17.52

0.008

0.02

0.59

0.69

Severity

8.70

0.19

0.02

0.72

0.24

Susceptibility

2.44

0.87

0.01

0.77

0.88

Hospitalization

4.20

0.65

0.03

0.74

0.68

Severity

11.86

0.07

0.77

0.08

Susceptibility

78.90

0.12

− 0.07

0.78

0.23

112.82

0.01

0.81

0.03

Severity

90.33

0.04

− 0.002

0.02

21.95

0.34

− 0.002

0.88

Susceptibility

0.006

0.46

0.35

Hospitalization

21.63

0.36

0.03

0.12

0.38

Severity

22.55

0.26

0.08

0.06

0.25

116.22

0.01

0.78

0.70

Hospitalization

1.45

0.69

− 0.006

0.43

0.69

Severity

1.13

0.77

− 0.09

0.44

0.77

Hospitalization
Computer use

MR-Egger

Susceptibility

0.0009

− 0.05

MVPA: self-reported moderate to vigorous physical activity

activity during the COVID-19 pandemic deserve particular attention. First, during the quarantine period
for controlling infection sources and cutting off the
transmission, residents should be encouraged to appropriately increase their energy consumption behaviors rather than engage in leisure sedentary behaviors.
Light-to-moderate-intensity activities, such as housework and brisk walking, should also be encouraged [51].
Moreover, anti-smoking advocacy should be routinely
performed among COVID-19 patients, which could be
of great significance in delaying the progression of the
disease, reduce its severity, and promote early recovery. In addition, as a high-risk group for COVID-19 and
major audience for television, individuals with obesity
or type 2 diabetes, especially elderly adults, should be
assisted in reducing leisure television viewing time and
participating in physical activities.
In general, the statistical power of the IVW approach
is dramatically higher than that of the other MR
approaches, especially MR-Egger [52]. Confidence intervals were calculated from the same equations that generated P values. Therefore, not surprisingly, the MR–Egger
results with low statistical power had wider confidence
and nonsignificant P values when compared with IVW in
the present study. For the same reason, IVW was usually
used as the main method to screen for potentially significant results. Sensitivity analyses and other MR methods were implemented to ensure the robustness of IVW

estimates. IVW estimates would be biased if horizontal
pleiotropy existed. In this scenario, the MR-Egger estimates should be referenced because this method adapts
the IVW analysis by allowing the horizontal pleiotropic
effect across all SNPs to be unbalanced or directional
[53]. In most MR analyses, researchers have strengthened
the requirement for consistent beta direction in all MR
approaches, which was also used in our study [54, 55].
However, several limitations should be taken into
account in our study. First, since this study was conducted among European ancestry participants, the
results cannot be immediately generalized to other
ethnic groups with different lifestyles and cultural
backgrounds. Second, since MR analyses extrapolated
causal hypotheses by exploiting the random allocation
of genetic variants, it was difficult to completely distinguish between mediation and pleiotropy using MR
approaches. The generous variants in our genome probably affect one or more phenotypes. Third, there was a
lack of additional mediator analysis and observation
studies to further confirm the metabolic mechanisms
involved in the causal relationship between television
watching and COVID-19. Due to the limitations of the
UK Biobank data, future studies are required to confirm the causality and explore potential mechanisms,
which is indispensable for developing relevant clinical
recommendations.
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Fig. 2 Scatter plots and funnel plots from genetically predicted accelerometer assessed physical activity and leisure watching TV on COVID-19
hospitalization and severity. a, b genetically predicted accelerometer assessed physical activity on COVID-19 hospitalization; c, d genetically
predicted television watching on COVID-19 hospitalization; e, f genetically predicted television watching on COVID-19 severity

In conclusion, leveraging large-scale genetic summary
data, our study first strengthened the evidence that PA/
LSB was causally associated with the hospitalization
and severity of COVID-19. Further work is warranted to

decipher the underlying mechanisms linking leisure television watching with COVID-19. Given the COVID-19
pandemic and the necessity of social quarantine, intensive attention should be given to lifestyle management,
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Table 3 Risk factors analysis
Exposure

Outcomes

IVW
Causal effect (95% CI)

P

Heterogeneity

MR-Egger
method

Q value P

Intercept P

Accelerometer assessed physical
activity

Body mass index

− 0.01 (− 0.05,0.025)

0.56

16.91

Accelerometer assessed physical
activity

Total cholesterol

− 0.82 (− 2.52,0.88) mmol/L 0.34

4.43

Accelerometer assessed physical
activity

Triglycerides

− 0.008 (− 0.27, 0.01) mmol/L 0.42

43.52

Accelerometer assessed physical
activity

Type 2 diabetes

1.04 (0.93, 1.16)

Accelerometer assessed physical
activity

Fasting insulin

1.01 (0.99, 1.04)

Accelerometer assessed physical
activity

Former versus current smoker

0.97 (0.86, 1.08)

0.56

10.13

0.04

0.13

0.19

Accelerometer assessed physical
activity

Cigarettes smoked per day

1.12 (0.77, 1.61)

0.56

0.80

0.94

0.08

0.80

Television watching

Body mass index

0.25 (0.15, 0.35)

Television watching

Total cholesterol

1.53 × 10–7*

0.66 (− 5.84, 7.18) mmol/L 0.84

Television watching

Triglycerides

0.26 (0.17, 0.35) mmol/L

Television watching

Type 2 diabetes

1.82 (1.25, 2.65)

Television watching

Fasting insulin

0.15 (0.09, 0.21) pmol/L

Television watching

Former versus current smoker

0.69 (0.53, 0.90)

Television watching

Cigarettes smoked per day

0.73 (− 0.82, 2.28)

*

0.49

− 0.019
0.49

< 0.001 − 0.008

2.35

0.31

3.99

148.43
131.1

1.22 × 10–8 * 844.7

1.79 × 10–3 *

95.54

2.52 × 10–6 *

85.87

0.007 *

0.36

0.23

− 0.1

0.84
0.50
0.39

− 0.014

< 0.001 − 0.0003

0.95

0.23

0.40

< 0.001

0.003

0.30

0.0014 − 0.007

0.71

0.001

0.02

0.004

0.23

77.57

0.22

0.62

95.85

0.02

− 0.006
0.04

0.63

P < 0.05

such as reducing leisure sedentary behaviors and encouraging proper exercise, to combat COVID-19.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12967-022-03407-6.
Additional file 1: Supplementary tables. Table S1. Instrument variables of MVPA. Table S2. Instrument variables of accelerations assessed
physical activity. Table S3. Instrument variables of fraction accelerations >
425 milli-gravities. Table S4. Instrument variables of television watching.
Table S5. Instrument variables of computer used. Table S6. Instrument
variables of driving. Table S7.MR estimates of the causal association
between physical activity and leisure sedentary behaviors and the risk of
COVID-19.
Additional file 2: Supplementary figures. Figure S1. Forest plot (a) and
leave-one-out analysis (b) for accelerometer assessed physical activity on
COVID-19 hospitalization. Figure S2. Forest plot (a) and leave-one-out
analysis (b) for leisure television watching on COVID-19 hospitalization.
Figure S3. Forest plot (a) and leave-one-out analysis (b) for leisure television watching on COVID-19 severity.
Acknowledgements
We wish to acknowledge the participants and investigators of the UK Biobank,
the COVID-19 Host Genetics Initiative (HGI), the GIANT, the GLGC, the DIAGRAM, the MAGIC, and the TAG consortium.
Author contributions
Conceived and designed the experiments: XC, XSH, and YNH. Performed and
analyzed the experiments: XC, XSH, JHC, and GCL. Collecting data: WJG and

SHL. Wrote the manuscript: XC and XSH. All authors read and approved the
final manuscript.
Funding
The research was funded by Research foundation of Guangzhou Women and
Children’s Medical Center for Clinical Doctor (KTa377a204193688 to Xiong
Chen and KT072c1204164651 to Jiahao Cai), and the National Natural Science
Foundation of China (82101367) to Yinong Huang.

Declarations
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Pediatric Urology, Guangzhou Women and Children’s Medical
Center, Guangzhou Medical University, Guangzhou, China. 2 Department
of Pediatric Surgery, Guangzhou Institute of Paediatrics, Guangzhou Medical
University, Guangzhou, Guangdong, China. 3 Department of Endocrinology,
Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, Guangzhou, China.
4
Clinical Data Center of Guangzhou Women and Children’s Medical Center,
Guangzhou Medical University, Guangzhou, China. 5 Department of Prosthodontics, Hospital of Stomatology, Guangdong Provincial Key Laboratory
of Stomatology, Guanghua School of Stomatology, Sun Yat-Sen University,
Guangzhou, Guangdong, China. 6 Department of Neurology, Guangzhou
Women and Children’s Medical Center, Guangzhou Medical University, Guangzhou, Guangdong, China. 7 Department of Endocrinology, The First Affiliated
Hospital of Sun Yat-Sen University, Guangzhou, Guangdong, China.
Received: 21 January 2022 Accepted: 24 April 2022

Chen et al. Journal of Translational Medicine

(2022) 20:216

References
1. Bergmann CC, Silverman RH. COVID-19: coronavirus replication, pathogenesis, and therapeutic strategies. Cleve Clin J Med. 2020;87(6):321–7.
2. Guo YR, et al. The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak—an update on the status. Mil
Med Res. 2020;7(1):11.
3. Huang C, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan China. Lancet. 2020;395(10223):497–506.
4. Jin YH, et al. Chemoprophylaxis, diagnosis, treatments, and discharge
management of COVID-19: an evidence-based clinical practice guideline (updated version). Mil Med Res. 2020;7(1):41.
5. Zhou TT, Wei FX. Primary stratification and identification of suspected
Corona virus disease (2019 (COVID-19) from clinical perspective by a
simple scoring proposal. Mil Med Res. 2020;7(1):16.
6. Pinto AJ, et al. Combating physical inactivity during the COVID-19
pandemic. Nat Rev Rheumatol. 2020;16(7):347–8.
7. Kupferschmidt K, Vogel G. How bad is Omicron? Some clues are
emerging. Science. 2021;374(6573):1304–5.
8. Steenkamp L, et al. Small steps, strong shield: directly measured, moderate physical activity in 65 361 adults is associated with significant
protective effects from severe COVID-19 outcomes. Br J Sports Med.
2022;2(9). https://doi.org/10.1136/bjspor ts-2021-105159
9. van de Vegte YJ, et al. Genome-wide association studies and Mendelian
randomization analyses for leisure sedentary behaviours. Nat Commun.
2020;11(1):1770.
10. Tremblay MS, et al. Sedentary Behavior Research Network (SBRN) terminology consensus project process and outcome. Int J Behav Nutr
Phys Act. 2017;14(1):75.
11. Gortmaker SL, et al. Television viewing as a cause of increasing obesity
among children in the United States, 1986–1990. Arch Pediatr Adolesc
Med. 1996;150(4):356–62.
12. Wilmot EG, et al. Sedentary time in adults and the association with
diabetes, cardiovascular disease and death: systematic review and
meta-analysis. Diabetologia. 2012;55(11):2895–905.
13. Biswas A, et al. Sedentary time and its association with risk for disease
incidence, mortality, and hospitalization in adults: a systematic review and
meta-analysis. Ann Intern Med. 2015;162(2):123–32.
14. Schmid D, Leitzmann MF. Television viewing and time spent sedentary in
relation to cancer risk: a meta-analysis. J Natl Cancer Inst. 2014;106(7):dju098.
15. Patterson R, et al. Sedentary behaviour and risk of all-cause, cardiovascular
and cancer mortality, and incident type 2 diabetes: a systematic review and
dose response meta-analysis. Eur J Epidemiol. 2018;33(9):811–29.
16. Lighter J, et al. Obesity in patients younger than 60 years is a risk factor for
COVID-19 hospital admission. Clin Infect Dis. 2020;71(15):896–7.
17. Palaiodimos L, et al. Severe obesity, increasing age and male sex are
independently associated with worse in-hospital outcomes, and higher inhospital mortality, in a cohort of patients with COVID-19 in the Bronx. New
York Metabolism. 2020;108:154262.
18. Zhu L, et al. Association of blood glucose control and outcomes in
patients with COVID-19 and pre-existing type 2 diabetes. Cell Metab.
2020;31(6):1068-1077.e3.
19. Chen Y, et al. Clinical characteristics and outcomes of patients with diabetes
and COVID-19 in association with glucose-lowering medication. Diabetes
Care. 2020;43(7):1399–407.
20. Chen R, et al. Risk factors of fatal outcome in hospitalized subjects with
coronavirus disease 2019 from a nationwide analysis in China. Chest.
2020;158(1):97–105.
21. Zheng Z, et al. Risk factors of critical & mortal COVID-19 cases: a systematic
literature review and meta-analysis. J Infect. 2020;81(2):e16–25.
22. Sallis R, et al. Physical inactivity is associated with a higher risk for severe
COVID-19 outcomes: a study in 48 440 adult patients. Br J Sports Med.
2021;55(19):1099–105.
23. Hamer M, et al. Lifestyle risk factors, inflammatory mechanisms, and COVID19 hospitalization: a community-based cohort study of 387,109 adults in
UK. Brain Behav Immun. 2020;87:184–7.
24. Sekula P, et al. Mendelian randomization as an approach to assess causality
using observational data. J Am Soc Nephrol. 2016;27(11):3253–65.
25. Richmond RC, DaveySmith G. Mendelian randomization: concepts and
scope. Cold Spring Harb Perspect Med. 2021;12:a040501.

Page 11 of 12

26. Burgess S, Thompson SG. Multivariable Mendelian randomization: the use
of pleiotropic genetic variants to estimate causal effects. Am J Epidemiol.
2015;181(4):251–60.
27. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors
for causal inference in epidemiological studies. Hum Mol Genet.
2014;23(R1):R89–98.
28. Boef AG, Dekkers OM, le Cessie S. Mendelian randomization studies: a
review of the approaches used and the quality of reporting. Int J Epidemiol.
2015;44(2):496–511.
29. Doherty A, Smith-Byrne K, Ferreira T, et al. GWAS identifies 14 loci for
device-measured physical activity and sleep duration. Nat Commun.
2018;9(1):5257.
30. Klimentidis YC, Raichlen DA, Bea J, et al. Genome-wide association study
of habitual physical activity in over 377,000 UK Biobank participants
identifies multiple variants including CADM2 and APOE. Int J Obes (Lond).
2018;42(6):1161–76.
31. Bahls M, Leitzmann MF, Karch A, et al. Physical activity, sedentary behavior
and risk of coronary artery disease, myocardial infarction and ischemic
stroke: a two-sample Mendelian randomization study. Clin Res Cardiol.
2021;110(10):1564–73.
32. The C-HGI. The COVID-19 Host genetics initiative, a global initiative to
elucidate the role of host genetic factors in susceptibility and severity of the
SARS-CoV-2 virus pandemic. Eur J Hum Genet. 2020;28(6):715–8.
33. Au Yeung SL, Li AM, He B, Kwok KO, Schooling CM. Association of smoking,
lung function and COPD in COVID-19 risk: a two-step Mendelian randomization study. Addiction. 2022. https://doi.org/10.1111/add.15852.
34. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression.
Int J Epidemiol. 2015;44(2):512–25.
35. Bowden J, et al. Consistent estimation in Mendelian randomization with
some invalid instruments using a weighted median estimator. Genet Epidemiol. 2016;40(4):304–14.
36. Chen X, et al. Kidney damage causally affects the brain cortical structure: a
Mendelian randomization study. EBioMedicine. 2021;72:103592.
37. Locke AE, et al. Genetic studies of body mass index yield new insights for
obesity biology. Nature. 2015;518(7538):197–206.
38. Richardson TG, Sanderson E, Palmer TM, et al. Evaluating the relationship
between circulating lipoprotein lipids and apolipoproteins with risk of
coronary heart disease: A multivariable Mendelian randomisation analysis.
PLoS Med. 2020;17(3):e1003062.
39. Morris AP, et al. Large-scale association analysis provides insights into the
genetic architecture and pathophysiology of type 2 diabetes. Nat Genet.
2012;44(9):981–90.
40. Manning AK, et al. A genome-wide approach accounting for body mass
index identifies genetic variants influencing fasting glycemic traits and
insulin resistance. Nat Genet. 2012;44(6):659–69.
41. Consortium TaG. Genome-wide meta-analyses identify multiple loci associated with smoking behavior. Nat Genet. 2010. 42(5: 441–7.
42. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and
sitting in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular
disease. Diabetes. 2007;56(11):2655–67.
43. Clark BK, et al. Relationship of television time with accelerometer-derived
sedentary time: NHANES. Med Sci Sports Exerc. 2011;43(5):822–8.
44. Otten JJ, et al. Effects of television viewing reduction on energy intake and
expenditure in overweight and obese adults: a randomized controlled trial.
Arch Intern Med. 2009;169(22):2109–15.
45. Frydenlund G, et al. Sedentary leisure time behavior, snacking habits
and cardiovascular biomarkers: the Inter99 Study. Eur J Prev Cardiol.
2012;19(5):1111–9.
46. Ponsford MJ, et al. Cardiometabolic traits, sepsis, and severe COVID-19: a
Mendelian randomization investigation. Circulation. 2020;142(18):1791–3.
47. Green WD, Beck MA. Obesity impairs the adaptive immune response to
influenza virus. Ann Am Thorac Soc. 2017;14(Supplement_5):S406–9.
48. Zhang K, et al. Causal associations between blood lipids and covid-19 risk: a
two-sample Mendelian randomization study. Arterioscler Thromb Vasc Biol.
2021;41(11):2802–10.
49. Luykx JJ, Lin BD. Are psychiatric disorders risk factors for COVID-19 susceptibility and severity? a two-sample, bidirectional, univariable, and multivariable Mendelian randomization study. Transl Psychiatry. 2021;11(1):210.

Chen et al. Journal of Translational Medicine

(2022) 20:216

Page 12 of 12

50. Liu N, et al. Genetic predisposition between COVID-19 and four mental
illnesses: a bidirectional two-sample Mendelian randomization study. Front
Psychiatry. 2021;12:746276.
51. Hu FB, et al. Television watching and other sedentary behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. JAMA.
2003;289(14):1785–91.
52. Lin Z, Deng Y, Pan W. Combining the strengths of inverse-variance weighting and Egger regression in Mendelian randomization using a mixture of
regressions model. PLoS Genet. 2021;17(11):e1009922.
53. Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan NA, Thompson
JR. Assessing the suitability of summary data for two-sample Mendelian randomization analyses using MR-Egger regression: the role of the I2 statistic.
Int J Epidemiol. 2016;45:1961–74.
54. Venkatesh SS, Ferreira T, Benonisdottir S, et al. Obesity and risk of female
reproductive conditions: a Mendelian randomisation study. PLoS Med.
2022;19(2):e1003679.
55. Cheng F, Luk AO, Shi M, et al. Shortened leukocyte telomere length is
associated with glycemic progression in type 2 diabetes: a prospective and
mendelian randomization analysis. Diabetes Care. 2022;45(3):701–9.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

