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Abstract

Background This review is an update of the previous study aiming to identify the available evidence related to
physical activity (PA) in the context of the coronavirus disease (COVID-19) pandemic.
Methods We searched 6 databases (PubMed, Embase, SPORTDiscus, Scopus, Web of Science, and CINAHL) in April

2024. Medical subject headings and keywords related to PA and COVID-19 were combined to conduct the online
search, which covered the period from July 2020 to April 2024.

Results Overall, 49,579 articles were retrieved. After duplicate removal and title, abstract, and full-text screening,
1,976 articles were included in this update. Most of the studies were observational with a cross-sectional design
(68.0%). Most of COVID-19 and PA studies came from high-income countries. Most studies explored the changes in PA
levels due to the COVID-19 pandemic and its effects on mental health outcomes.

Conclusion Research on PA and COVID-19 prioritized online approach and cross-sectional designs. Most of the
evidence identified a decrease in PA levels due to social distancing measures.
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Background
The COVID-19 pandemic has raised numerous con-
cerns within our society [1]. The worldwide actions
recommended to mitigate infection risk impacted not
only the risk of having COVID-19 but also several
other aspects of individuals’ lives. In many ways, while
measures such as social distancing were important
to tackle coronavirus, it caused several health conse-
quences. For example, studies from different countries
have documented that the prevalence of mental health
issues such as anxiety and depression have sharply
increased during the pandemic, and also, the manage-
ment of chronic diseases was impaired [2, 3].

Physical activity (PA) and exercise practice during
pandemic times was highly impacted, not only sports
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facilities and community centers were closed, but dis-
tancing prevented people from keeping their routines.
Further, amid pandemic, these practices surge as tools
for rehabilitation during and post infections (i.e., long
COVID-19 and its symptoms), and these intervention
modalities are still to be fully understood. Sallis et al.
proposed various research avenues on PA to be pur-
sued in conjunction with the pandemic [4]. These ave-
nues ranged from establishing links between PA and
COVID-19 to develop interventions aiming to increase
PA levels during the pandemic [4].

In the previous scoping review of the literature,
we have demonstrated that in the first months, most
studies focused on observational designs and pop-
ulation-based PA practice and its impact on mental
health outcomes [5]. Our first study included articles
published from the inception to July 2020, therefore,
the onset of the pandemic [5]. The current study is
an update and shows a broader picture of what has
been studied on PA and COVID-19. In this update,
we aimed to provide a more comprehensive under-
standing of the PA research produced throughout the
pandemic, along with insights into the number and
methodological characteristics including the studies
design, methodological approach, and ways of data
collection of the studies that have investigated PA dur-
ing the COVID-19 pandemic.

Methods

Protocol and registration

This is an update of a previous scoping review on PA
studies within the COVID-19 pandemic [5] designed
based on the Preferred Reporting Items for Systematic
Reviews and Meta-analyzes statement (PRISMA-ScR)
[6]. A protocol was prospectively registered within the
Open Science Framework (https://osf.io/en2kc/).

Eligibility criteria

Following the same criteria adopted in the first review,
we included studies regardless of their target popula-
tion (e.g., adults, children, patients with chronic con-
ditions) and setting (e.g., hospital, community). Also,
studies evaluating PA as an outcome or exposure, and
reporting objective or subjective measures of PA were
included. Narrative reviews, panel experts, and opin-
ion papers were excluded.

Information sources

The following databases assessed in July 2020 were re-
assessed in April 2024: PubMed, EMBASE, SPORT-
Discus, Scopus, Web of Science, and CINAHL. The
PCC mnemonic was used to guide the search strategy:
humans (Population), physical activity (Concept), and
COVID-19 (Context) [6]. We combined MeSH terms
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and keywords related to PCC concept (e.g., exercise)
and context (e.g., COVID-19 pandemic) items to con-
duct the search as previously described [5]. We applied
a date limit from July 22nd 2020, aiming to gather
studies published since the date of the first search.

Selection process

Due to the volume of retrieves, in this version, we
have a team of eight reviewers and extractors. For the
new members of our team, we conducted two rounds
of pilot screening to test reviewers’ agreement in
200 retrieves total. The pilot was used to standardize
members and clarify possible residual discrepancies
across the team. When analyzing the Alpha Cronbach
from the new team members and senior members,
kappa ranged from 0.7 to 0.8. Team members with
kappa<0.8 received extra training. Eight authors inde-
pendently screened data from titles/abstracts and full-
texts for eligibility in a single-reviewer fashion.

Data management and extraction

All retrieved records were imported to Zotero to
merge the datasets and remove duplicates. Afterwards,
the final dataset was imported to SRDR platform
for title/abstract screening [7]. The same reviewers
extracted data from the full-text of included studies,
in a single extraction fashion, that was reviewed by a
second reviewer. An excel standardized spreadsheet
was built for data extraction. Information such as the
first author’s name, year, country, methodological
approach, sample characteristics (e.g., age), and study
aims were extracted following the first review. In addi-
tion, research main topic (e.g., PA/exercise science),
data collection approach (e.g., online), study popula-
tion (e.g., chronic condition patients), and context
(e.g., school) were extracted.

Data synthesis

Due to the high number of studies, we could not pro-
vide a more detailed description of studies’ aims and
main findings as can be found in the first version.
Studies were described based on continent, study
design, methodological approach, targeted population,
and main research topic. The studies’ research topic
was coded according to title and aims; in general, all
studies must have described a relationship between
PA and COVID-19, but not as the primary objective.
Therefore, to better characterize the studies retrieved
we coded this variable according to seven research
topics: Behavioral Sciences/Behavior Change, Mental
Health, Nutritional, Sleep, Cognition, Multiple top-
ics (e.g., multiple topics seem to be the center of the
study), and Exercise/Physical Activity. This coding
was used to describe the studies where the association
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Fig. 1 Flow diagram of included studies
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studies and after elegibility assessment 1,976 stud-
ies were included in this update (Fig. 1). Reasons for
exclusion were mostly PA not evaluated as outcome/
exposure (n=1,215) and not publication type of inter-
est (n=362). The complete list of included studies can
be found in Supplementary Material 1.

The characteristics of studies included in this review
are summarized in Table 1. A quantitative approach
was adopted in 94.5% of the included studies. In terms
of design, the majority were observational, with cross-
sectional studies being the most prevalent (68.0%),
while randomized controlled trials (RCTs) constituted
4.5%. Additionally, we identified 72 systematic reviews.

Notably, 35.1% of the studies focused on adults,
while specific populations such as athletes, COVID
patients, and individuals with chronic conditions
represented frequencies ranging from 1.8% to 6.3%.
Studies targeting children and adolescents comprised
18.1% of the included studies, while those focused
on the aged population constituted 8.6%. Most of the

Table 1 Characteristics of the included studies (n=1,976)

Methodological approach n %
Mixed methods 35 1.8
Qualitative 73 37
Quantitative 1,868 94.5
Design
Observational (n=1,817)
Case-control 20 1.1
Cohort (prospective/retrospective) 381 193
Cross-sectional 1,344 68.0
Systematic reviews 72 36
Experimental (n=159)
NRCS 21 1.1
Pre-post 49 2.5
RCT 89 4.5
Study population
Adolescent (13-18y) 145 73
Adults (18-65y) 692 351
Aged (65 >) 169 8.6
Child (<12y) 127 6.4
Children and adolescents (< 18y) 87 44
General population (> 18y) 279 14.1
Athlete 36 1.8
COVID-19 patient 67 34
Chronic condition patient 124 6.3
Young adults (18-35y) 250 126
Setting
Community 1,063 538
Hospital / Clinical 256 129
School 191 9.7
University 295 14.8
Work environment 41 20
Other 94 47
Unclear 36 2.1
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included studies were conducted in community set-
tings (53.8%), followed by universities (14.8%), and
hospital/clinical settings (12.9%) (Table 1).

Figure 2 shows the number of studies published from
2020 to 2024 according to design. Cross-sectional
studies comprised the higher volume of publications
until 2023, even decreasing from 2021 to 2022. Also, in
all periods analyzed, experimental studies remained a
small proportion of the total. As expected the number
of studies published reduced in 2024. Observational
studies commonly employed methods such as online
questionnaires, phone calls, mail, or the assessment
of existing datasets. In contrast, experimental studies
predominantly gathered data in-person or by assessing
the electronic medical records (Fig. 3).

Figure 4 shows the distribution of studies across
continents. Europe, Asia, and North America had the
highest number of publications ranging from 323 to
784. Studies conducted in Africa, South America, and
Oceania ranged from 32 to 221. In addition, 94 studies
were conducted in multiple countries.

Regarding the main topic of research, 42.8% of the
studies focused on PA/exercise sciences purely, 14.4%
on its relationship with mental health, 11.2% on
health-related behavior change, and 27.8% focused on
multiple topics (Fig. 5). The proportions of research
topic per population can be found in Supplementary
Material 2.

Discussion

Our first scoping review encompassed a compre-
hensive analysis of 41 studies. Results showed a
higher number of observational studies using online
approaches, focused mostly on general population
surveys, and were related to PA/exercise science or
mental health. This updated review demonstrated a
significant surge in scientific production on this topic,
with 1,976 studies now available. This represents a
4,720% increase in a 4-year time window in research
output during the pandemic [5]. Notably, both assess-
ments highlighted a high prevalence of observational
studies using online approaches. During the early
months following the World Health Organization
(WHO) declaration of the pandemic, research ethics
committees commonly restricted in-person data col-
lection, prompting a reliance on online methodolo-
gies. With the commencement of vaccination and the
gradual relaxation of social restrictions, researchers
were subsequently permitted to resume in-person data
collection. While there was an evident rise in the uti-
lization of in-person approaches compared to our ini-
tial review, online data collection methods continued
to be widely employed. A noteworthy illustration of
this trend is evident in studies including the PAMPA
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Cohort and the iCare [8, 9]. Despite the resumption deliberately opted to maintain online approaches con-
of in-person data collection options, the researchers sistently across all waves of data collection.
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Most of the studies comprised samples from the
general population. Although it is important to have
population-based estimates, the concern for specific
populations, especially those with chronic condi-
tions, emerged early in the pandemic [10]. Beyond the
heightened risk of complications due to the COVID-19
infection, prolonged homestays raised additional con-
cerns in patients with chronic diseases. Cancer, kidney,

pulmonary, and heart conditions patients reported dif-
ficulties when managing their health status, assessing
health care services, and fear of infection or severe dis-
ease episodes [11, 12]. More studies on PA or behav-
ioral changes in this population would help understand
the best strategies to self-help manage their conditions
during pandemic times. Our review identified only 124
out of 1,976 studies with chronic condition patients,

studies
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Fig. 4 Number of studies published per continent
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representing a substantial decrease in the proportion
from our initial review which included 13 out of 41
studies with these populations. Furthermore, not all
the conditions were comprehensively assessed, and the
primary research emphasis remained on the general
population.

Despite the WHO’s endorsement of PA to alleviate
pandemic impacts, only a limited number of coun-
tries integrated PA promotion into their control strat-
egies [9]. Also, a notable concentration of research
and development investments is observed in Europe,
North America, and Asia, accounting for 90% of the
global value [13]. Data from the Global Observa-
tory for Physical Activity showed that between 2015
and 2020 research in PA increased or remained at the
same levels in middle- and high-income countries, and
decreased in low-income countries [14]. This corrobo-
rates our findings since most studies were conducted
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in countries with high research investments. Also,
many low-income people did not have internet access
and/or limited indoor spaces to engage in at-home
PA during social restrictions, regardless of world
region. In summary, we believe that the PA burden
due to social restrictions might be even higher than
that reported by observational studies using online
approaches due to selection bias.

Sallis et al. advocated for a research agenda aiming
to enhance policy and practice in PA [4]. Recently,
they provided a list of topics and their status regard-
ing current knowledge. Among the non-well-studied
topics, authors highlighted PA interventions during
the pandemic, by the time their paper was published
comprising 2.5% of the studies on PA and COVID-19
[15]. We identified 8,0% of intervention studies, align-
ing with Sallis et al's concern that investigations into
the effects of PA on diverse populations and scenarios,
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as well as studies promoting PA in varied populations
were scarce during this period [4, 15].

The research topic classification took into con-
sideration the analyses of the title and studies’ main
objectives. We are aware that this classification might
reflect interpretation and therefore must be taken
with caution. However, aside from focus on PA and
exercise sciences, there was a clear interest from the
scientific community to investigate its association
with mental health. Depression and anxiety hit record
numbers across all ages, due to multiple reasons (e.g.
isolation, economic insecurity, health concerns, etc.).
PA has been proven to be an excellent coping resource
and impacts both major conditions. Not only should
future guidelines consider the effects of PA on physi-
cal health, but also the direct impact on mental health
as part of a holistic perspective on pandemic impacts
[16, 17].

Regarding the methodological aspects of the cur-
rent review, we highlighted that the literature search
was carried out in several databases and followed a
systematic strategy, such as the one employed before
[5]. Thus, we strongly believe that the current find-
ings reflect what has been studied throughout the
COVID-19 pandemic in terms of PA since 2020. Also,
to the best authors’ knowledge, this is the only study
assessing the state of the art of PA research during the
COVID-19 pandemic and we hope it helps drive future
studies design and guidelines.

In summary, during the COVID-19 pandemic
research on PA and exercise prioritized online meth-
ods and observational designs, and was mostly con-
ducted in Europe, Asia, and North America, focusing
on the general population. Future efforts should focus
on developing exercise/PA interventions not only to
understand their effect on persistent symptoms of
COVID but also to support the development of strate-
gies for PA promotion during pandemic scenarios.
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