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Abstract

Objective: To quantify the association between accelerometer-assessed physical activity and coronavirus
disease 2019 (COVID-19) outcomes.

Methods: Data from 82,253 UK Biobank participants with accelerometer data (measured 2013-2015),
complete covariate data, and linked COVID-19 data from March 16, 2020, to March 16, 2021, were
included. Two outcomes were investigated: severe COVID-19 (positive test result from in-hospital setting
or COVID-19 as primary cause of death) and nonsevere COVID-19 (positive test result from community
setting). Logistic regressions were used to assess associations with moderate to vigorous physical activity
(MVPA), total activity, and intensity gradient. A higher intensity gradient indicates a higher proportion of
vigorous activity.

Results: Average MVPA was 48.1 (32.7) min/d. Physical activity was associated with lower odds of severe
COVID-19 (adjusted odds ratio per standard deviation increase: MVPA, 0.75 [95% CI, 0.67 to 0.85]; total,
0.83 [0.74 to 0.92]; intensity, 0.77 [0.70 to 0.86]), with stronger associations in women (MVPA, 0.63
[0.52 to 0.77]; total, 0.76 [0.64 to 0.90]; intensity, 0.63 [0.53 to 0.74]) than in men (MVPA, 0.84 [0.73 to
0.97]; total, 0.88 [0.77 to 1.01]; intensity, 0.88 [0.77 to 1.00]). In contrast, when mutually adjusted, total
activity was associated with higher odds of a nonsevere infection (1.10 [1.04 to 1.16]), whereas the in-
tensity gradient was associated with lower odds (0.91 [0.86 to 0.97]).

Conclusion: Odds of severe COVID-19 were approximately 25% lower per standard deviation (~ 30 min/
d) MVPA. A greater proportion of vigorous activity was associated with lower odds of severe and non-
severe infections. The association between total activity and higher odds of a nonsevere infection may be
through greater community engagement and thus more exposure to the virus. Results support calls for
public health messaging highlighting the potential of MVPA for reducing the odds of severe COVID-19.
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COVID-19." This could occur through reduc-
tions in chronic inflammation™” or cardiome-
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people who are older,' are more
deprived,Z have comorbidities,” or are from
ethnic minority populations.” As with chronic
disease, research suggests that risk factors
related to health behaviors, such as obesityS
and slow walking pace,® also have a negative
impact on COVID-19 outcomes.
Physical activity is a modifiable health
behavior that may mitigate the risks of

tabolic risk factors,'® which are associated
with an increased risk of COVID-19,'" or
through enhanced immunity.” In the early
months of the pandemic (up to July 2020),
we reported initial observations from Biobank
data,’” which was suggestive evidence for
lower odds (up to 20%) of severe COVID-19
per 30 minutes of daily moderate to vigorous
physical activity (MVPA; P=.06). Consistent
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with this finding, Sallis et al'’ reported that
being physically inactive is the strongest modi-
fiable risk factor for severe COVID-19 and
stressed the importance of this message for
public health. They found that the risk of hos-
pitalization or death with COVID-19 up to
October 2020 in a sample of US health plan
members was more than twice as high in peo-
ple who self-reported consistently being inac-
tive in the 2 years before the pandemic
compared with those who self-reported
consistently meeting the guidelines of 150 mi-
nutes of MVPA per week. "’

Whereas most of the evidence on associa-
tions between physical activity and a wide
range of health outcomes has similarly been
gleaned from self-report methods,'” self-
report has well-documented limitations, not
least of which is the reliance on recall and
consequently a focus on purposeful activity.'*
Accelerometers directly measure movement,
reducing measurement error and facilitating a
more nuanced consideration of physical activ-
ity (eg, the relative importance of the total
amount or intensity of physical activity).'”'°
UK Biobank is the largest data set with
accelerometer-assessed physical activity, hav-
ing assessed about 100,000 participants.'’

In this study, we use UK Biobank data from
the first and second waves of the COVID-19
pandemic to determine the association between
accelerometer-assessed ~ physical  activity
(measured between 2013 and 2015) and severe
and nonsevere COVID-19 outcomes. We hy-
pothesized that physical activity would be asso-
ciated with reduced odds of severe COVID-19.
However, for nonsevere COVID-19, which re-
flects community transmission, we hypothe-
sized that associations would be attenuated as
higher physical activity levels may also reflect
greater exposure to the virus.

METHODS

Study Design

This is a retrospective observational study.
Physical activity was assessed between June
2013 and December 2015, 4 to 7 years pre-
ceding the COVID-19 pandemic.

Setting and Cohort
This study uses data from UK Biobank (Appli-
cation 36371), a prospective cohort of more

than 500,000 adults aged 40 to 69 years
with baseline assessments conducted between
March 2006 and July 2010.'® Some partici-
pants took part in further touchscreen inter-
views between 2009 (n=8503) and 2018
(n=15,140). Methods were carried out in
accordance with relevant guidelines and regu-
lations, and all participants gave written
informed consent before data collection. UK
Biobank has full ethical approval from the
NHS National Research Ethics Service (16/
NW/0274). Data are linked to national severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) laboratory test data through
Public Health England’s Second Generation
Surveillance System and include specimen
origin (hospital inpatient vs other). COVID-
19 testing data are available for England
from March 16, 2020; thus, participants
from non-English centers and individuals
who had died before March 16, 2020, were
excluded. Analyses were based on March 16,
2021, refresh data. A flow chart detailing all
participant  exclusions is provided in
Supplemental Figure 1 (available online at
http://mepiqojournal.org).

COVID-19 Qutcomes

Two outcomes were reported: severe infec-
tion with SARS-CoV-2 and nonsevere infec-
tion with SARS-CoV-2. A positive test
result for SARS-CoV-2 with hospitalization
or death related to the disease (ie, any death
with an International Statistical Classification
of Diseases, Tenth Revision code of U07.1 or
U07.2 as the primary cause of death on the
death certificate) was considered evidence
of a severe infection.'” A positive test result
for SARS-CoV-2 from a community setting
without a hospital diagnosis or death was
considered evidence of probable mild disease
or a nonsevere infection. Classifying a posi-
tive test result for SARS-CoV-2 in those
admitted to the hospital as a marker of dis-
ease severity within UK Biobank is in line
with guidance for this data set.'” However,
actual disease severity cannot be confirmed
from the linkage data available. Therefore,
our reference to the composite of a test
result for SARS-CoV-2 in those admitted to
the hospital or death from COVID-19 as
indicating “severe” disease is for descriptive
purposes only.
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Physical Activity

A subsample of approximately 100,000 adults
were asked to wear the Axivity AX3 wrist-
worn accelerometer 24 hours a day for 7
days between June 2013 and December
2015."" For each participant, we extracted
the accelerometer data (5-second epoch time
series) from UK Biobank'’ and converted it
to R-format for processing and analysis with
GGIR (version 1.11-0; http://cran.r-project.
org).”” Participants were excluded if they
failed calibration, they had fewer than 3 days
of valid wear (defined as >16 h/d), or wear
data were not present for each 15-minute
period of the 24-hour cycle.'*'”*" Accelerom-
eter outcomes, selected to describe total phys-
ical activity and its intensity, were as follows:

e average acceleration during the 24-hour day
(proxy for total physical activity, mg);

e intensity gradient during 24 hours (intensity
distribution of activity during the day;
higher values indicate that a greater propor-
tion of total activity is spent at high inten-
sity)”'; and

e time spent in 1-minute bouts of MVPA (ac-
celeration cut point 100 mg*?).

Statistical Analyses

Logistic regression was used to analyze associ-
ations of physical activity with the COVID-19
outcomes:

Model 1: severe COVID-19 infection
(N=434) with no test or negative test
result (N=79,856) as comparator

Model 2: severe COVID-19 infection
(N=434) with nonsevere infection
(N=1963) as comparator

Model 3: nonsevere COVID-19 infection
(N=1963) with no test or negative test
result (N=79,856) as comparator

Models 1 and 3 (no test or negative test
result as comparator) can be interpreted as the
increased or decreased odds of being admitted
to the hospital or dying of COVID-19 (severe
disease; model 1) or of having a positive test
result in the community (nonsevere disease;
model 3) during the linkage period within UK
Biobank. Model 2 can be interpreted as the
risk of any positive test result being from a
setting (hospital) or outcome (death) that

indicates severe disease during the linkage
period within UK Biobank. Assessing the odds
of infection relative to the cohort (models 1
and 3) is commonly reported within COVID-
19 risk factor research and enables comparison
to the literature in terms of how the risk factors
assessed compare with other commonly re-
ported risk factors (eg, obesity”).

Three physical activity exposures were
considered: total physical activity, intensity
gradient, and MVPA. A mutually adjusted
model was also run for total physical activity
and the intensity gradient to test whether asso-
ciations were independent of the alternative
activity metric consistent with previous
research assessing the relative contributions
of total activity and intensity of activity for
health.'”*” The variables were standardized
before entry into the models and the odds ra-
tios per cohort standard deviation reported for
ease of comparison across exposures.'* Cova-
riates were selected on the basis of current
clinical knowledge and included age (at
censoring), follow-up time (difference between
age at accelerometer measure and age at
censoring), season of accelerometer wear,
sex, ethnicity (White, South Asian, Black and
African or Caribbean), Townsend score (area-
level measure of deprivation), employment
status, and cardiovascular disease or cancer
diagnosis before accelerometer baseline (self-
reported history of heart attack, angina, stroke,
or cancer variables or hospital episode with In-
ternational Statistical Classification of Diseases,
Tenth Revision code 120-25, 160-69, or CO0-
99). Additional health-related covariates
potentially on the causal pathway from phys-
ical activity to COVID-19 risk were included
in sensitivity analyses. These were body mass
index, blood pressure or cholesterol medica-
tion, and prescribed insulin medication. Cova-
riates from the assessment closest to the
accelerometer time point were used.

Analyses were reported for the full popula-
tion and stratified by sex. Effect modification
by sex was tested using an interaction term
(sex*physical activity) in the model.

Statistical significance was set at a P value
of less than .05; results are reported with a
95% CI. Interactions were considered signifi-
cant at a P value of less than .1. All analyses
were performed in Stata version 16.1 (Stata-
Corp LLO).
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Sensitivity Analyses

All models were further adjusted for covariates
potentially on the causal pathway from phys-
ical activity to COVID-19 risk.

As testing in the United Kingdom has not
been universal, particularly in the first wave of
the pandemic, there is a risk of selection bias
in models 1 and 3, where those with
COVID-19 were compared with those with a
negative test result or no test. Participants
with COVID-19 may not have been tested
and thus wrongly allocated to the comparator
group. To address this, we carried out sensi-
tivity analyses for models 1 and 3, restricting
the comparator group to those who tested
negative for COVID-19.

RESULTS

Data from 82,253 UK Biobank participants
with accelerometer data (2013-2015) and
complete covariate and linked COVID-19
data to March 16, 2021, were included. Of
these participants, 12,713 (15.5%) had been
tested for COVID-19, 2388 (2.9%) had a pos-
itive test result, 1963 (2.4%) were classified as
having a nonsevere infection, and 425 (0.5%)
were classified as having a severe infection;
another 9 (0.01%) were classified as severe
without a positive test result. Participants
accumulated a mean of 48.1 (SD 32.7) mi-
nutes of MVPA per day. Participants’ charac-
teristics are reported in the Table.

Severe COVID-19 Relative to No COVID-19
(Model 1) and Relative to Nonsevere COVID-
19 (Model 2)

Total physical activity (adjusted odds ratio per
standard deviation increase: 0.83 [95% CI,
0.74 to 0.92]), intensity gradient (0.77 [0.70
to 0.86]), and time in MVPA (0.75 [0.67 to
0.85]) were associated with lower odds of a se-
vere infection relative to the cohort
(Figure 1A). When mutually adjusted, the in-
tensity gradient remained significant (0.80
[0.71 to 0.91]), but the association with total
physical activity was attenuated.

Interactions between sex and physical ac-
tivity were significant for the intensity gradient
(P=.03) and MVPA (P=.10). Associations
were stronger in women for all exposures (to-
tal physical activity, 0.76 [0.64 to 0.90]; inten-
sity gradient, 0.63 [0.53 to 0.74]; MVPA, 0.63

[0.52 to 0.77]) than in men (total, 0.88 [0.77
to 1.01]; intensity gradient, 0.88 [0.77 to
1.00]; MVPA, 0.84 [0.73 to 0.97]; Figure 1A).

Results for a severe infection relative to
those with a nonsevere infection (model 2)
were consistent with those for model 1
(Figure 1B).

Nonsevere COVID-19 Relative to No COVID-
19 (Model 3)

There was an association between total phys-
ical activity and higher odds of a nonsevere
infection (1.05 [1.00 to 1.10]; P=.03;
Figure 1C). When mutually adjusted, the in-
tensity gradient was associated with lower
odds of a nonsevere infection (0.91 [0.86 to
0.971), whereas total physical activity was
associated with higher odds (1.10 [1.04 to
1.16]). No associations with MVPA were
evident. The pattern of results was consistent
for men and women.

Sensitivity analyses with further adjust-
ment for health-related covariates potentially
on the causal pathway from physical activity
to COVID-19 risk (Figure 2) slightly attenu-
ated the effect estimates for models 1 and 2
but were broadly consistent with the main an-
alyses. Models 1 and 3, with the comparator
group restricted to people who tested negative
for COVID-19 (Supplemental Figure 2, avail-
able online at http://mcpiqojournal.org;
Supplemental Figure 3, further adjusted for
covariates potentially on the causal pathway,
available online at http:/mcpiqojournal.org),
and results of unadjusted  models
(Supplemental Figure 4, available online at
http://mepiqojournal.org) ~ were  broadly
consistent with results of the main analyses.
Adjusted odds ratios for the risk factors
included in the analyses are shown in
Supplemental Figures 5 and 6 (available on-
line at http://mcpiqojournal.org).

DISCUSSION

Main Findings

Higher physical activity was associated with
reduced odds of severe COVID-19; intensity
of physical activity was the driving factor,
with 20% to 25% lower odds per 30 minutes
of daily MVPA (eg, walking). Associations
were stronger in women, with 32% to 37%
lower odds per 30 minutes of daily MVPA
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TABLE. Participants’ Characteristics by COVID-19 Status®®

No COVID-19 Severe COVID-19 Nonsevere COVID-19
Characteristic Al Men Women All Men Women All Men Women
No. [%] 79,856 [100] 34,614 [434] 45,242 [56.7] 434 [100] 250 [57.6] 184 [42.4] 1963 [100] 812 [41.4] 151 [58.6]
Age at census (y) 68.0 (7.77) 68.7 (7.83) 67.6 (7.70) 68.5 (8.73) 69.5 (8.85) 67.2 (84) 63.5 (7.72) 64.2 (8.18) 63.0 (7.35)
Follow-up time (y) 5.6 (0.70) 5.6 (0.70) 5.6 (0.70) 55 (0.76) 5.5 (0.80) 5.6 (0.69) 5.6 (0.68) 5.6 (0.68) 5.6 (0.68)
Body mass index (kg/m?) 26.6 (4.54) 27.2 (403) 26.2 (4.85) 28.7 (5.07) 28.7 (440) 28.6 (6.01) 27.1 (4.66) 27.7 (4.12) 26.6 (4.95)
Townsend score” —1.7 2.79) —1.8 (2.79) —1.7 2.79) —1.4 (3.00) —1.1 3.14) —1.7 2.79) —1.3 (294) —1.4 (2.85) —1.2 (299)
Ethnicity
White 78,470 [98.3] 33,969 [98.1] 44,501 [984] 416 [959] 239 [95.6] 177 [96.2] 1901 [96.8] 788 [97.0] I'113[96.7]
South Asian 657 [0.8] 363 [1.1] 294 [0.7] 8 [1.8] 6 [24] 2 [1.1] 30 [1.5] 16 [2.0] 14 [1.2]
Black 729 [09] 282 [0.8] 447 [1.0] 10 [2.3] 5[20] 5[27] 32 [1.6] 8 [1.0] 24 [2.1]
In paid employment or 43,206 [54.1] 19,025 [55.0] 24,181 [53.5] 234 [539] 123 [49.2] 111 [60.3] 1422 [724] 592 [72.9] 830 [72.1]
self-employed
Prevalent CVD or cancer 14,105 [17.7] 6806 [19.7] 7299 [16.1] 110 [254] 74 [29.6] 36 [19.6] 290 [14.8] 139 [17.1] I51 [13.1]
at baseline”
Blood pressure or 20,978 [26.3] ['1,714 [339] 9264 [20.5] 181 [41.7] 124 [49.6] 57 [31.0] 386 [19.7] 215 [26.5] 171 [14.9]
cholesterol medication
Insulin medication 3154 [4.0] 1949 [5.6] 1205 [2.7] 43 [9.9] 31 [124] 12 [6.5] 79 [4.0] 40 [4.9] 39 [34]
Physical activity
Total physical 283 (8.33) 27.8 (8.66) 28.7 (8.04) 265 (8.86) 262 (9.27) 27.0 (8.29) 299 (851) 29.6 (9.09) 30.1 (8.08)
activity (mg)
Intensity gradient —2.55 (0.193) —2.51 (0.201) —2.57 (0.182) —2.59 (0213) —2.54 (0.209) —2.64 (0.206) —2.52 (0.194) —2.48 (0.207) —2.55 (0.179)
MVPA (minutes) 48.1 (32.74) 489 (32.85) 47.6 (32.65) 400 (33.61) 42.3 (35.46) 37.0 (30.75) 517 (34.53) 527 (34.96) 51.0 (34.23)

*CVD, cardiovascular disease; MVPA, moderate to vigorous physical activity.

®Values are reported are mean (standard deviation) or number [percentage].

“Composite measure of deprivation based on unemployment, non—car ownership, non—home ownership, and household overcrowding; negative values represent less deprivation.
dSelf—repor‘ted history of heart attack, angina, stroke, or cancer variables or hospital episode with Intemational Statistical Classification of Diseases, Tenth Revision code 120-25, 160-69, or C00-99.
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Adjusted odds ratio
Model 1: Severe COVID-19 (no COVID-19 as comparator) (95% confidence interval)
Total - : 0.83 (0.74,0.92)
All Intensity | | 0.77 (0.70,0.86)
MVPA e 0.75 (0.67,0.85)
Total adj ' 0.94 (0.83, 1.06)
Intensity adj - ! 0.80 (0.71,091)
Total - — e | 076 (064, 0.90)
Women |ntensity { @ I 0.63 (0.53, 0.74)
MVPA { ———eo——— e 063 (052,0.77)
Total adj - e 0.99 (0.80, 1.21)
Intensity adj 4 ———6——— : 0.63 (051, 0.78)
Total - — e 088 (077, 1.01)
Men Intensity | —e—} 0.88 (0.77, 1.00)
MVPA ———t 0.84 (073, 097)
Total adj 4 (R 093 (0.79, 1.09)
Intensity adj 4 —— 091 (0.78, 1.07)
T 1
0.5 I 2
0dds ratio
A
Model 2: Severe COVID-19 (non-severe COVID-19 as comparator)
Total ! 081 (0.72,091)
All Intensity | 081 (0.72,091)
MVPA 4 ! 080 (071,091)
Total adj i 0.88 (0.76, 1.01)
Intensity adj - ! 0.87 (0.76, 1.00)
Total 4 — e 0.74 (0.62, 090)
Women Intensity 4 +—————— ! 0.65 (0.54, 0.78)
MVPA 4  — o i 068 (056, 0.83)
Total adj - o 0.93 (0.74, 1.16)
Intensity adj 4 F——o6—— 1 0.68 (0.54, 0.85)
Total - el 0.87 (0.74, 1.02)
Men Intensity | —e—— 0.95 (081, 1.10)
MVPA 4 . —e— 090 (0.77, 1.06)
Total adj o 0.86 (0.71,1.04)
Intensity adj —eo— 1.02 (0.85, 1.22)
T 1
0.5 | 2
0dds ratio
B
Model 3: Non-severe COVID-19 (no COVID-19 as comparator)
Total - } 1.05 (1.00, 1.10)
All Intensity | 097 (0.92, 1.02)
MVPA o : 098 (0.94, 1.03)
Total adj A I [.10 (1.04, 1.16)
Intensity adj - i 091 (0.86,097)
Total - Fre— 103 (097, 1.10)
Women Intensity —ob 0.97 (091, 1.03)
MVPA 4 . e+ 097 (091, 1.03)
Total adj e 1.08 (1.00, 1.16)
Intensity adj 4 —o—i 0.93 (0.85, 1.00)
. 1. .
Total - [ 1.07 (1.00, 1.14)
Men Intensity et 0.97 (0.90, 1.04)
MVPA 4 . —— 1,00 (093, 1.07)
Total adj e 113 (1.04, 1.22)
Intensity adj - —o—i| 0.90 (0.83,0.98)
T 1
0.5 | 2
Odds ratio
c
FIGURE 1. Association of total physical activity, intensity gradient, and moderate to vigorous physical
activity (MVPA). A, Model |, severe COVID-19 (no COVID-19 as comparator). B, Model 2, severe
COVID-19 (nonsevere COVID-19 as comparator). C, Model 3, nonsevere COVID-19 (no COVID-19 as
comparator). Odds ratios are expressed per standard deviation of each variable. Where adj follows the
variable name, it indicates the 2 variables were mutually adjusted.
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Model 1: Severe COVID-19 (no COVID-19 as comparator)

Total i
All Intensity i
M\/PA .. e
Total adj | :
Intensity adj 4 !
Total —e—i
Women Intensity —e— 1
MVPA e
Total adj | —ta—
Intensity adj 4 +—6—— :
Total }—04—{'
Men Intensity }—0:—¢
M\/PA 7 . }—._.—{ ..........
Total adj - I
Intensity adj 4 ———+—
T
0.5 | 2
Odds ratio
A
Model 2: Severe COVID-19 (non-severe COVID-19 as comparator)
Total i
All Intensity i
MVPA o b e
Total adj - |
Intensity adj 4 1
Total o —e——
Women Intensity —e—— |
MPAL et
Total adj | —e—
Intensity adj - ——
Total }—0—0—{'
Men Intensity ———t
M\/PA 7 . }—._.—{ ..........
Total adj - 0
Intensity adj 4 —to—
T
0.5 I
Odds ratio
B
Model 3: Non-severe COVID-19 (no COVID-19 as comparator)
Total | :
All Intensity - t
MVPA H 4
Total adj |
Intensity adj 4 :
Total ||—0—|
Women Intensity - —e—
MVPA H —e—
Total adj 4 | e
Intensity adj —o—
Total o | —o—
Men Intensity —e—
MVPA —o—i
Total adj 4 I ——
Intensity adj - o
T
0.5 I
Odds ratio
c

Adjusted odds ratio
(95% confidence interval)

094 (0.84, 1.05)
085 (0.76, 0.94)
085 (0.76, 0.96)
1.03 (091, 1.17)
083 (0.74, 0.94)

089 (0.74, 1.06)
069 (058, 0.82)
074 (061, 0.90)
111 (090, 137)
065 (053,0.81)

097 (085, 1.12)
095 (0.83, 1.09)
093 (081, 1.09)
1,00 (0.85, 1.18)
095 (0.82, I.11)

088 (0.78, 1.00)
086 (0.77,097)
087 (0.76,099)
094 (081, 1.08)
089 (078, 1.03)

083 (068, 1.01)
071 (059, 0.86)
0.76 (0.62,0.93)
099 (0.79, 1.24)
071 (057, 0.90)

093 (0.79, 1.10)
099 (0.85, 1.16)
097 (0.82, 1.14)
092 (076, 111
1.03 (0.86, 123)

1,08 (1.03, 1.13)
098 (0.92, 1.05)
1.01 (096, 1.05)
113 (1.07, 1.19)
092 (0.86, 0.97)

1,07 (1.00, 1.14)
099 (093, 1.06)
1.00 (0.94, 1.06)
111 (103, 1.19)
093 (0.86, 1.01)

110 (1.03, 1.17)
099 (092, 1.06)
1.03 (096, 1.10)
115 (1.06, 1.24)
092 (0.84, 1.00)

FIGURE 2. Sensitivity analysis with models further adjusted for health-related covariates potentially on the
causal pathway. Association of total physical activity, intensity gradient, and moderate to vigorous physical
activity (MVPA). A, Model |, severe COVID-19 (no COVID-19 as comparator). B, Model 2, severe
COVID-19 (nonsevere COVID-19 as comparator). C, Model 3, nonsevere COVID-19 (no COVID-19 as
comparator). Odds ratios are expressed per standard deviation of each variable. Where adj follows the
variable name, it indicates the 2 variables were mutually adjusted.
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relative to 10% to 16% lower odds in men.
Total physical activity appeared to increase
the odds of nonsevere COVID-19. As the inci-
dence of nonsevere infections reflects commu-
nity transmission, this finding probably
reflects greater exposure to the virus. In
contrast, when adjusted for total activity, a
greater proportion of high-intensity activity
was associated with 7% to 10% lower odds
of infection.

Increased odds of severe COVID-19 with
lower total activity and MVPA is consistent
with the recent findings from self-reported
physical activity in the United States'’ and
from UK Biobank early in the pandemic.'” Tt
is not clear why associations with severe
COVID-19 tended to be weaker in men than
in women for metrics reflecting the intensity
of physical activity. Men are known to be at
higher risk of severe COVID-19 than women,
and although most studies included sex in their
analyses as a potential confounder, relatively
few studies have reported whether associations
with risk factors differ by sex (ie, whether sex is
an effect modifier). However, Gao et al’’
recently reported no difference in associations
between body mass index and COVID-19
severity by sex. Conversely, higher odds of se-
vere COVID-19 have been reported for women
who work shifts outside of health care (2.77
[2.14 to 3.59]) than for men who work shifts
outside of health care (1.59 [1.23 to 2.05]).””

Total Amount and Intensity of Activity

The availability of accelerometer-assessed
physical activity enabled us to explore whether
the total amount of physical activity and the
intensity of that activity were associated with
COVID-19 outcomes independent of each
other. Independent associations for the inten-
sity gradient for the whole cohort and women
for severe COVID-19, alongside reduced odds
for MVPA, were observed. This suggests that
the proportion of activity taken at a moderate
to vigorous intensity is key (eg, walking and
brisk walking), consistent with self-report of
meeting physical activity guidelines'’ or hav-
ing a brisk walking pace.” As time spent in
MVPA is associated with cardiorespiratory
fitness, this is consistent with evidence that
cardiorespiratory fitness™® is associated with
reduced risk of hospitalization due to
COVID-19.%"**

Low levels of physical activity contribute
to chronic disease'’ and chronic inflamma-
tion,” which could be a factor in the observed
association with severe COVID-19."" Given
that COVID-19 is an acute inflammatory dis-
ease, inactivity may also exacerbate existing
chronic inflammation and, alongside other
risk factors (eg, genetic predisposition, psy-
chological factors), be associated with a “cyto-
kine storm” contributing to this increased risk
of severe COVID-19.”

For nonsevere infections, when mutually
adjusted, the intensity gradient was again
independently associated with reduced odds
of infection, but total physical activity was
associated with elevated odds. MVPA, which
combines moderate- and vigorous-intensity
activity, was not associated with reduced
odds. This suggests that intensities greater
than moderate (eg, vigorous activity such as
brisk walking and running) may be optimal
to reduce the odds of a nonsevere infection.
It is possible that the observed association be-
tween total physical activity and increased
odds of a nonsevere infection is due to a bias
in the people who were more likely to be
tested for COVID-19.”° However, results
were consistent in restricting the comparator
group to people who tested negative for
COVID-19. Accumulating evidence indicates
that occupation type is associated with
COVID-19 outcomes, with elevated risk in
essential workers.” Notably, approximately
three-quarters of the people with nonsevere
COVID-19 were employed, relative to approx-
imately half of the cohort. It is possible that
high levels of total physical activity accumu-
lated at relatively low intensities reflect work-
ing in a job that requires high levels of
routine movement/walking and more commu-
nity engagement and thus increased exposure
to the virus. Whereas we controlled for
employment status and deprivation, it was
not possible to determine the level of exposure
to infection. Conversely, vigorous-intensity
activity may reflect exercise or training-type
activity that strengthens immunity.”

Strengths and Limitations

The main strength of this study is the availabil-
ity of accelerometer-assessed physical activity,
facilitating precise characterization of the
physical activity profile of participants in a
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large population with linked COVID-19 data.
In addition, UK Biobank is an extensively phe-
notyped population, differentiating it from
many other data sets currently being analyzed
to better understand COVID-19. However,
there are also some limitations. First and fore-
most, the characteristics of participants were
measured—and accelerometer data collec-
ted—some years before the pandemic. How-
ever, data from a longitudinal study of older
adults in England’' found steady physical ac-
tivity levels over time, albeit with a slight
decline in vigorous activity. Second, the defi-
nition of severe COVID-19 was a positive
test result from a hospital inpatient. Whereas
this is consistent with the definition proposed
by the researchers who developed the linkage
method'” and with previous research using
the UK Biobank data set to explore risk factors
for COVID-19,”%'*? actual disease severity
cannot be confirmed from the linkage data
available. Testing in the UK has not been uni-
versal, particularly in the first wave of the
pandemic, making the analyses vulnerable to
bias.?” Furthermore, this is an observational
study; thus, we cannot exclude the risk of re-
sidual confounders due to unmeasured con-
founders or measurement error. Finally, UK
Biobank participants are not representative of
the wider population; however, participants
may not need to be representative in esti-
mating relative risk factor associations.’” Tak-
ing these limitations into consideration, our
results point to the potential importance of
physical activity as predictive of later risk of
severe and nonsevere COVID-19 infection.
Notably, however, the results are consistent
with proposed mechanisms and the reduced
risk of severe COVID-19 in participants who
self-reported consistently meeting physical ac-
tivity guidelines in the 2 years before the
pandemic. "’

CONCLUSION

Physical activity appeared to be associated
with lower odds of severe COVID-19, with
stronger associations for intensity of move-
ment in women than in men. Odds of severe
COVID-19 were lower by 37% in women
and 16% in men per 30 minutes of daily
MVPA. Higher total physical activity appeared
to increase the odds of nonsevere infection,
but a greater proportion of high-intensity

activity was associated with 8% to 10% lower
odds. Nonsevere infections reflect community
transmission; thus, the greater odds associated
with higher total physical activity levels, accu-
mulated at lower intensity, are likely to reflect
greater exposure to the virus (eg, through
occupational activity).

Results from this study are consistent
with self-reported data and provide further
evidence for the role of physical activity in
reducing the odds of a severe infection and
the potential for vigorous activity to play a
role in reducing the odds of nonsevere infec-
tion, possibly through more robust immu-
nity. This is important as a reduction in
nonsevere infections has potential for
reducing community transmission. This
study provides further support to calls for
public health messaging to highlight the po-
tential of physical activity, particularly of
moderate to vigorous intensity, in reducing
the risk of severe COVID-109.
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