
      1Sallis R, et al. Br J Sports Med 2021;0:1–8. doi:10.1136/bjsports-2021-104080

Physical inactivity is associated with a higher risk for 
severe COVID-19 outcomes: a study in 48 440 
adult patients
Robert Sallis  ‍ ‍ ,1 Deborah Rohm Young,2 Sara Y Tartof,2 James F Sallis,3 Jeevan Sall,1 
Qiaowu Li,2 Gary N Smith,4 Deborah A Cohen2 

Original research

To cite: Sallis R, 
Young DR, Tartof SY, et al. 
Br J Sports Med Epub ahead 
of print: [please include Day 
Month Year]. doi:10.1136/
bjsports-2021-104080

►► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http://​dx.​doi.​
org/​10.​1136/​bjsports-​2021-​
104080).

1Department of Family and 
Sports Medicine, Kaiser 
Permanente Medical Center, 
Fontana, California, USA
2Research and Evaluation, 
Southern California Permanente 
Medical Group, Pasadena, 
California, USA
3University of California San 
Diego, La Jolla, California, USA
4Economics Department, 
Pomona College, Claremont, 
California, USA

Correspondence to
Dr Robert Sallis, Department 
of Family and Sports Medicine, 
Kaiser Permanente Medical 
Center, Fontana, CA 92335, 
USA; ​Robert.​E.​Sallis@​kp.​org

Accepted 30 March 2021

© Author(s) (or their 
employer(s)) 2021. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives  To compare hospitalisation rates, intensive 
care unit (ICU) admissions and mortality for patients 
with COVID-19 who were consistently inactive, doing 
some activity or consistently meeting physical activity 
guidelines.
Methods  We identified 48 440 adult patients with 
a COVID-19 diagnosis from 1 January 2020 to 21 
October 2020, with at least three exercise vital sign 
measurements from 19 March 2018 to 18 March 
2020. We linked each patient’s self-reported physical 
activity category (consistently inactive=0–10 min/
week, some activity=11–149 min/week, consistently 
meeting guidelines=150+ min/week) to the risk of 
hospitalisation, ICU admission and death after COVID-19 
diagnosis. We conducted multivariable logistic regression 
controlling for demographics and known risk factors to 
assess whether inactivity was associated with COVID-19 
outcomes.
Results  Patients with COVID-19 who were consistently 
inactive had a greater risk of hospitalisation (OR 2.26; 
95% CI 1.81 to 2.83), admission to the ICU (OR 1.73; 
95% CI 1.18 to 2.55) and death (OR 2.49; 95% CI 
1.33 to 4.67) due to COVID-19 than patients who 
were consistently meeting physical activity guidelines. 
Patients who were consistently inactive also had a 
greater risk of hospitalisation (OR 1.20; 95% CI 1.10 to 
1.32), admission to the ICU (OR 1.10; 95% CI 0.93 to 
1.29) and death (OR 1.32; 95% CI 1.09 to 1.60) due to 
COVID-19 than patients who were doing some physical 
activity.
Conclusions  Consistently meeting physical activity 
guidelines was strongly associated with a reduced risk 
for severe COVID-19 outcomes among infected adults. 
We recommend efforts to promote physical activity be 
prioritised by public health agencies and incorporated 
into routine medical care.

INTRODUCTION
The US Centers for Disease Control and Prevention 
(CDC) has identified risk factors for severe COVID-
19, including advanced age, sex (male) and the pres-
ence of underlying comorbidities, such as diabetes, 
obesity and cardiovascular disease.1 However, there 
are no data regarding the effect of regular physical 
activity (PA) on COVID-19 outcomes, even though 
a lack of PA is a well-documented underlying risk 
factor for multiple chronic diseases, including those 
associated with severe COVID-19.1 2

The US Physical Activity Guidelines call for 
all adults to engage in at least 150 min/week of 

moderate to vigorous physical activity (MVPA).3 
Similar guidelines have been promoted in many 
countries based on strong evidence that regular PA 
results in a broad range of health benefits.4–6 It is 
reasonable to expect regular PA may mitigate poor 
COVID-19 outcomes. It is well known that immune 
function improves with regular PA, and those who 
are regularly active have a lower incidence, intensity 
of symptoms and mortality from various viral infec-
tions.7–9 Regular PA reduces the risk of systemic 
inflammation, which is a main contributor to lung 
damage caused by COVID-19.10 Additionally, exer-
cise benefits cardiovascular health, increases lung 
capacity and muscle strength, and improves mental 
health.3 11 These are mechanisms by which regular 
PA could play an important role in mitigating the 
severity of the COVID-19 pandemic, in addition to 
its beneficial effects on multiple chronic diseases.

During the pandemic, populations across the 
globe have been advised to stay home and avoid 
contact with individuals outside of one’s house-
hold. Lockdowns and other measures that constrain 
travel have restricted access to gyms, parks and 
other venues where people can be active.12 In the 
USA, education about the benefits of PA and advice 
to maintain or increase PA during the pandemic 
has been essentially absent. While prepandemic 
levels of PA were generally insufficient,13 pandemic 
control measures have likely had the unintended 
consequence of reducing PA even more. Indeed, 
early studies indicated a significant reduction in PA 
levels since the beginning of the pandemic.14–16

In this study, we used an electronic health record 
(EHR) that captured self-reported PA behaviours 
prior to the pandemic to evaluate the hypothesis 
that consistently meeting guidelines prior to diag-
nosis is associated with more favourable COVID-19 
outcomes among infected adults. If regular PA is 
shown to be a protective behaviour for COVID-
19, efforts should be made to enable and encourage 
regular PA as a means of protecting individuals 
from severe COVID-19 outcomes.

METHODS
Study design
This is a retrospective observational study in which 
PA was documented in the EHR in the 2 years 
preceding the March 2020 pandemic lockdown.

Setting
This study was conducted at Kaiser Permanente 
Southern California (KPSC), which is an integrated 
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healthcare system that serves approximately 4.7 million resi-
dents in Southern California at 15 medical centres. Racial/ethnic 
make-up, neighbourhood education and household income are 
generally similar to the area population.17 KPSC uses a compre-
hensive EHR that links all laboratory results, healthcare visits 
and diagnoses in both inpatient and outpatient settings and even 
outside the system.

Study cohort
Inclusion criteria consisted of KPSC health plan members aged 
18 years and older with a positive COVID-19 test or diagnosis 
between 1 January 2020 and 21 October 2020. Participants were 
continuously enrolled at KPSC for at least 6 months prior to 
their COVID-19 diagnosis. We required patients to have at least 
three outpatient visits with an exercise vital sign (EVS) measure 
between 19 March 2018 and 19 March 2020 to increase the 
likelihood that the assessment captured regular PA habits.

Exercise vital sign
The EVS is used at every outpatient encounter within the KPSC 
system since 2009 and has been described elsewhere.18 Briefly, 
trained medical assistants or nurses ask patients two questions 
about their typical exercise habits over the previous 2 months 
or more during the intake at each outpatient visit: ‘On average, 
how many days per week do you engage in moderate to stren-
uous exercise (like a brisk walk)?’ and ‘On average, how many 
minutes do you engage in exercise at this level?’. Response 
choices for days are 0–7, and minutes are recorded as 0, 10, 20, 
30, 40, 50, 60, 90, 120 and 150 or greater. The responses are 
recorded in each patient’s EHR and minutes per week of MVPA 
are calculated. The EVS has been shown to have good face and 
discriminant validity.18 19

Three categories of PA were created for this study based on 
the US Physical Activity Guidelines3: consistently meeting guide-
lines (EVS >150 min/week at all assessments during the study 
period), consistently inactive (EVS 0–10 min/week at all assess-
ments) and some activity (EVS 11–149 min/week or those with 
variability in their EVS measures).

Data analysis
The primary outcomes examined were hospitalisation, admis-
sion to the intensive care unit (ICU) and death due to COVID-
19. Patient demographics, utilisation, clinical characteristics and 
comorbidities among different PA groups were compared using 
χ² test for categorical variables, exact test for categorical vari-
ables with a count <5 (none of the cell expected values were 
less than 1 and fewer than 20% of the cell expected values were 
less than 5) and the Kruskal-Wallis test for continuous variables. 
Covariates included age, sex and race, along with underlying 
medical conditions associated with increased risk for severe 
illness from COVID-19 as defined by the CDC.2 These under-
lying conditions included a history of cancer (primary and meta-
static), chronic kidney disease, chronic obstructive pulmonary 
disease, cardiovascular disease (including myocardial infarction, 
congestive heart failure, peripheral vascular disease and cerebro-
vascular disease), history of organ transplant, obesity (body mass 
index (BMI) 30–39 kg/m2) and class 3 obesity (BMI ≥40 kg/m2), 
pregnancy, current smoking status and diabetes. In addition, we 
included history of hypertension and an emergency department 
visit or hospitalisation in the 6 months prior to COVID-19 diag-
nosis as covariates. We conducted logistic regressions to esti-
mate the ORs (and 95% CIs) for the association of these factors 
with the EVS categories, with separate models for each of the 

outcomes. Data were analysed using SAS (V.9.4 for Windows; 
SAS Institute)

Patient and public involvement
Patients and the public were not involved in the design or 
conduct of this study.

RESULTS
We identified 103 337 patients with a diagnosis of COVID-19 or 
positive result on PCR testing during the study period. Of these, 
84 377 were 18 years or older and continuously enrolled in the 
KPSC health plan during the 6 months prior to their COVID-19 
diagnosis. Among these, 48 440 patients had three or more 
EVS measurements within the 2 years prior to the California 
pandemic lockdown on 18 March 2020, which comprised the 
analytical cohort for this study (see figure 1). The majority of 
patients (61.2%) in our cohort had five or more EVS measures in 
that 2-year time frame (see online supplemental table).

Figure 1  Flow chart of patient selection. EVS, exercise vital sign; 
KPSC, Kaiser Permanente Southern California.
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Demographics
The population had a mean age of 47.5 years (SD 17.0), with 
a median of 47 years (IQR 33.0, 60.0) and included 61.9% 
females (table 1). 6.4% were consistently meeting PA guidelines 
and 14.4% were consistently inactive, with the remainder falling 
in the some activity category. White patients were most likely 
to consistently meet PA guidelines (9.4%), followed by Asian 
patients (7.3%), Hispanic patients (5.5%) and African-American 

patients (4.6%). The mean BMI was 31.2 (SD 7.07). 51.4% of 
the study cohort had no comorbidities while 17.4% had only 
one, and 31.3% had two or more. The percentage of those who 
were consistently meeting PA guidelines was lower among those 
with chronic diseases (including obesity) and those who smoked.

Among all patients with COVID-19, 8.6% were hospitalised, 
2.4% were admitted to the ICU and 1.6% died (table 2). Those 
who were consistently meeting PA guidelines were less likely to 

Table 1  Patient characteristics by exercise level

Consistently inactive 
(n=6984) Some activity (n=38 338)

Consistently meeting PA 
guidelines (n=3118) Total (n=48 440) P value*

Age at index date <0.0001

 � Mean (SD) 49.4 (16.88) 47.8 (16.95) 40.6 (15.72) 47.5 (16.97)

 � Median (Q1, Q3) 49 (36.0, 60.0) 47 (34.0, 60.0) 38 (27.0, 52.0) 47 (33.0, 60.0)

 � Age group, n (%) <0.0001

 � <60 years 5176 (14.3) 28 492 (78.4) 2652 (7.3) 36 320

 � 60–69 years 973 (14.2) 5585 (81.3) 313 (4.6) 6871

 � 70–79 years 433 (12.9) 2803 (83.4) 126 (3.7) 3362

 � 80+ years 402 (21.3) 1458 (77.3) 27 (1.4) 1887

Gender, n (%) <0.0001

 � Female 4244 (14.2) 24 284 (81) 1464 (4.9) 29 992

 � Male 2740 (14.9) 14 053 (76.2) 1654 (9) 18 447

 � Unknown 0 (0) 1 (100) 0 (0) 1

Race/ethnicity, n (%) <0.0001

 � Asian 365 (13) 2228 (79.7) 204 (7.3) 2797

 � Black 476 (13.6) 2857 (81.8) 160 (4.6) 3493

 � Hispanic 4734 (15) 25 007 (79.5) 1729 (5.5) 31 470

 � Native American/Alaskan 9 (10.2) 75 (85.2) 4 (4.5) 88

 � Pacific Islander 37 (12) 254 (82.2) 18 (5.8) 309

 � White 1148 (13) 6873 (77.6) 835 (9.4) 8856

 � Other 215 (15.1) 1044 (73.2) 168 (11.8) 1427

BMI <0.0001

 � Mean (SD) 32.2 (7.39) 31.3 (7.06) 28.2 (5.45) 31.2 (7.07)

 � Median (Q1, Q3) 31.4 (27.3, 36.2) 30.2 (26.4, 35.1) 27.4 (24.5, 30.9) 30.2 (26.3, 35.0)

 � BMI group, n (%) <0.0001

 � <25 kg/m2 1010 (11.9) 6521 (77) 933 (11) 8464

 � 25–29 kg/m2 1895 (12.5) 12 025 (79.4) 1216 (8) 15 136

 � 30–39 kg/m2 3141 (16) 15 652 (79.7) 842 (4.3) 19 635

 � ≥40 kg/m2 936 (18) 4134 (79.6) 126 (2.4) 5196

Smoking, n (%) <0.0001

 � Ever 1558 (15.5) 8008 (79.6) 492 (4.9) 10 058

 � Never 4084 (13.7) 23 882 (80) 1886 (6.3) 29 852

Utilisations, clinical characteristics and comorbidities, n (%)

 � Emergency encounters 1019 (14.5) 5702 (81.4) 287 (4.1) 7008 <0.0001

 � Inpatient encounters 317 (16) 1618 (81.8) 43 (2.2) 1978 <0.0001

 � Ever had organ transplant 12 (8.5) 129 (91.5) 0 (0) 141 0.0005

 � Pregnant at index date 184 (12.5) 1224 (83.4) 59 (4) 1467 <0.0001

 � Cardiovascular disease 689 (16.5) 3410 (81.6) 82 (2) 4181 <0.0001

 � COPD 788 (14.5) 4449 (81.7) 210 (3.9) 5447 <0.0001

 � Renal disease 459 (17.3) 2149 (81) 46 (1.7) 2654 <0.0001

 � Cancer 108 (12) 768 (85.4) 23 (2.6) 899 <0.0001

 � Metastatic cancer 47 (16.4) 232 (80.8) 8 (2.8) 287 0.0326

 � Hypertension 1682 (15.6) 8827 (81.7) 297 (2.7) 10 806 <0.0001

 � Diabetes, n (%) <0.0001

 � A1C<7% 1849 (13.8) 10 813 (80.7) 733 (5.5) 13 395

 � 7%≤A1C<8% 316 (14.8) 1758 (82.6) 55 (2.6) 2129

 � A1C≥8% 500 (16) 2566 (82) 63 (2) 3129

*Determined by the χ² test for categorical variables, exact test for categorical variables with a count <5 and Kruskal–Wallis test for continuous variables.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; PA, physical activity.
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be hospitalised, admitted to the ICU or die related to COVID-19 
than those who were consistently inactive or doing some activity. 
In addition, a similar trend was observed for those who were 
doing some activity compared with those who were consistently 
inactive.

Outcomes and adjusted analyses
Controlling for demographics and other risk factors for severe 
COVID-19, being consistently inactive resulted in significantly 
higher odds for the three outcomes compared with being either 
consistently meeting PA guidelines or doing some activity 
(figures 2–4). Being consistently inactive increased the odds of 
hospitalisation 2.26-fold (95% CI 1.18 to 2.83) compared with 
consistently meeting PA guidelines (figure 2). Those who were 
doing some activity had 1.89 times greater odds of hospitalisa-
tion (95% CI 1.53 to 2.33) than those who were consistently 

meeting PA guidelines. In addition, patients who were consis-
tently inactive had greater odds of being hospitalised (OR 1.20; 
95% CI 1.10 to 1.32) than patients who were doing some 
activity. Other than age, pregnancy and a history of organ trans-
plant, being consistently inactive conferred the highest odds for 
hospitalisation with COVID-19.

Figure 3 displays the adjusted odds of ICU admission. Patients 
who were consistently inactive had 1.73 times greater odds 
(95% CI 1.18 to 2.55) of ICU admission than patients who were 
consistently meeting PA guidelines. Patients who were doing 
some activity had 1.58 greater odds for ICU admission (95% 
CI 1.10 to 2.27) than those who were consistently meeting PA 
guidelines. Patients who were consistently inactive also appeared 
to have greater odds of being admitted to the ICU (OR 1.10; 
95% CI 0.93 to 1.29) than patients who were doing some 
activity, though this was not statistically significant.

Table 2  Hospitalisations, ICU admissions and deaths among patients with COVID-19

Consistently inactive (n=6984) Some activity (n=38 338) Consistently meeting PA guidelines (n=3118) Total (n=48 440)

Hospitalisation 732 (10.5%) 3405 (8.9%) 99 (3.2%) 4236 (8.7%)

Admitted to ICU 195 (2.8%) 972 (2.5%) 32 (1%) 1199 (2.5%)

Deceased 170 (2.4%) 590 (1.5%) 11 (0.4%) 771 (1.6%)

ICU, intensive care unit; PA, physical activity.

Figure 2  Adjusted risk factors for hospitalisation in patients with COVID-19. BMI, body mass index; ED, emergency department.
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The adjusted odds of death from COVID-19 are displayed 
in figure  4. The odds of death were 2.49 times greater (95% 
CI 1.33 to 4.67) for patients who were consistently inactive 
compared with patients who were consistently meeting PA 
guidelines. Patients who were doing some activity had 1.88 
times greater odds (95% CI 1.02 to 3.47) of death than those 
who were consistently meeting PA guidelines. Patients who were 
consistently inactive also had a greater risk of death (OR 1.32; 
95% CI 1.09 to 1.60) than patients who were only doing some 
activity. Odds of death for consistently inactive patients was 
robust, and in most instances was higher than the odds of other 
COVID-19 risk factors.

DISCUSSION
Main findings
Prior PA meeting current guidelines was associated with reduced 
odds for hospitalisation, ICU admission and death among patients 
with COVID-19 enrolled in a large integrated healthcare system. 
Kaiser Permanente is one of the few (and largest) healthcare 

systems that collect PA data at every outpatient encounter with 
a healthcare provider. This is the first study we are aware of 
to demonstrate PA is an important and modifiable risk factor 
for severe COVID-19 outcomes. The magnitude of risk for all 
outcomes associated with being consistently inactive exceeded 
the odds of smoking and virtually all the chronic diseases studied 
in this analysis, indicating physical inactivity may play a crucial 
role as a risk factor for severe COVID-19 outcomes. It should be 
noted that the elevated hospitalisation rate for pregnant patients 
is due to the fact that all are admitted to the hospital to deliver 
their baby, and likely does not suggest an increased risk for severe 
COVID-19-related hospitalisations. In fact, pregnant patients 
with COVID-19 had a much lower risk of death.

When compared with consistently inactive patients, those in 
the some activity category had lower odds for hospitalisation and 
death, suggesting any amount of PA may have benefit. However, 
doing only some activity provided substantially higher odds for 
all COVID-19 adverse outcomes than consistently meeting PA 
guidelines.

Figure 3  Adjusted risk factors for admission to intensive care unit (ICU) in patients with COVID-19. BMI, body mass index; ED, emergency 
department.
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The reported ORs for physical inactivity are strong but 
likely conservative, because the models are adjusted for several 
chronic conditions that benefit from PA and increase the risk 
for severe COVID-19. For instance, because physical inactivity 
is associated with higher BMI and greater risk of diabetes, both 
comorbidities associated with severe COVID-19 outcomes, the 
association of PA with negative COVID-19 outcomes may be 
larger than indicated by our estimates. The ORs for the consis-
tently inactive group were larger than those for almost all the 
chronic conditions and risk behaviours in the models, so PA may 
be the most important modifiable risk factor for severe COVID-
19. Although data on PA during the COVID-19 pandemic are 
scarce, a study from the UK found adults with chronic condi-
tions were most likely to report reducing their PA due to the 
COVID-19 lockdown.20 Thus, promoting PA may be especially 
important for those with chronic diseases.

PA goals
The US Physical Activity Guidelines established a goal of 150 min/
week of MVPA (like a brisk walk) to maximise health benefits.3 
This amount can be accrued in small units, making achievement 
of the guidelines within reach for nearly all people. Other studies 
have shown that on average, Americans have at least 4–6 hours 

each day of leisure time, the majority of which is devoted to 
sedentary activities, particularly electronic media.21 The findings 
here provide additional rationale and motivation for individuals 
to be more physically active, as well as for communities to design 
environments that are more conducive to routine PA,22 23 espe-
cially amid the COVID-19 pandemic.

Strengths and limitations
The study’s main strength is the large number of patients with 
COVID-19 with serial assessment of prediagnosis PA levels. An 
additional strength is the demographic diversity of the study 
sample, including almost 65% patients of Hispanic descent. 
Another important strength is the ability to adjust for a wide 
range of demographic and health variables that are included in 
the EHR system. A final strength is the COVID-19 outcomes 
measured were objective and indicative of COVID-19 severity.

The main limitations of this study are that the measure of PA 
was self-reported and there was no measure of the intensity of 
exercise beyond the threshold of ‘moderate to strenuous exercise 
(like a brisk walk)’. However, this assessment of PA has previously 
been validated,18 19 and the use of three or more EVS measures 
allowed for improved estimates of PA and the identification 
of patients with consistently high and low PA patterns. As an 

Figure 4  Adjusted risk factors for death in patients with COVID-19. BMI, body mass index; ED, emergency department.
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example of validity results, a single EVS assessment obtained up 
to 2 years prior to accelerometry monitoring for 7 days yielded 
sensitivity, specificity and positive and negative predictive values 
for meeting US Physical Activity Guidelines or not of 67%, 
68%, 61% and 73%, respectively.24 Importantly, because this is 
an observational study, it is not possible to definitively conclude 
PA is causally related to less severe COVID-19 outcomes. These 
associations could potentially be in reverse; that is, those who 
have more significant underlying illness may be less likely to 
include PA in their daily routine or lack the capacity to do so. 
There is also the potential issue of residual confounding due 
to unmeasured confounders or measurement error. However, 
many studies have demonstrated numerous strong benefits from 
PA, especially among those who suffer from a variety of chronic 
diseases.25–28

Other limitations include the potential for sparse data in 
some of the variables. For example, the OR for PA and death 
outcomes in the highest age category resulted in high ORs 
and wider CIs. The 80+ age confounder variable in the death 
regression has an OR of 27.31 and a wide CI (20.50 to 36.38), 
suggesting that there may be a sparse data problem (and perhaps 
for other confounding variables). However, confounder impre-
cision does not bias the target estimator, that is, the association 
of PA on severe COVID-19 outcomes.29 In addition, some of the 
confounders are time varying and may not continuously reflect 
the information recorded during patient interviews.

CONCLUSION
We found that consistently meeting PA guidelines was strongly 
associated with a reduced odds for severe COVID-19 among 
infected adults. Specifically, when compared with those who 
reported being consistently inactive, those who were consis-
tently meeting PA guidelines had lower odds of being hospi-
talised, requiring ICU admission and dying from COVID-19. 
Even activity levels that did not meet the PA guidelines were 
significantly associated with reduced odds of hospitalisation 
and death. It is notable that being consistently inactive was a 
stronger risk factor for severe COVID-19 outcomes than any 
of the underlying medical conditions and risk factors identified 
by CDC except for age and a history of organ transplant.1 In 
fact, physical inactivity was the strongest risk factor across all 
outcomes, compared with the commonly cited modifiable risk 
factors, including smoking, obesity, diabetes, hypertension, 
cardiovascular disease and cancer.

This evidence that physical inactivity is a strong modifiable 
risk factor for severe COVID-19 contrasts with the limited 
efforts by US public health authorities to educate the population 
about the benefits of PA related to adverse COVID-19 outcomes 
or to systematically promote regular PA during the pandemic. 
We recommend that public health authorities inform all popula-
tions that short of vaccination and following public health safety 
guidelines such as social distancing and mask use, engaging in 
regular PA may be the single most important action individuals 
can take to prevent severe COVID-19 and its complications, 
including death. This message is especially important given the 
increased barriers to achieving regular PA during lockdowns and 
other pandemic restrictions. The results of the present study 
suggest a clear and actionable guideline for reducing the risk of 
severe COVID-19 outcomes.

Twitter Robert Sallis @drbobsallis
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