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Abstract: Population-level physical activity (PA) and sedentary time/behaviour estimates represent
a significant public health issue exacerbated by restrictions enforced to control COVID-19. This
integrative review interrogated available literature to explore the pandemic’s impact on correlates
of such behaviours in adults (>18 years). Five electronic databases were systematically searched in
January 2021. Data extracted from 64 articles were assessed for risk-of-bias using the Mixed Methods
Assessment Tool, with correlates identified, coded, and themed via thematic analysis. A socioecologi-
cal model of during-pandemic PA was conceptualized and mapped to the Capability, Opportunity,
Motivation, and Behaviour (COM-B) model of behaviour change mechanisms, which illustrates influ-
ences over five levels: Individual (biological)—general health; Individual (psychological)}—mental
health, cognition, motivation, and behaviour; Social—domestic situation, sociodemographic factors,
support, and lifestyle choices; Environmental—resources and area of residence; and Policy—COVID-
19-related rules. For sedentary time/behaviour, individual level factors, namely general and mental
health, may be important correlates. Neither age or sex were clearly correlated with either behaviour.
As we transition into a new normal, understanding which behaviour mechanisms could effectively
challenge physical inactivity is essential. Targeting capability on a psychological level may facilitate
PA and limit sedentary time/behaviour, whereas, on a physical level, maximizing PA opportunities
could be crucial.

Keywords: physical inactivity; adults; coronavirus; older adults; sedentary time; movement be-
haviours; SARS-CoV-2; determinants; COM-B model; behaviour change

1. Introduction

Physical activity (PA) is well evidenced to benefit the general population [1], with
small increases being positively associated with a decreased risk of premature all-cause
mortality [1]. As one of the leading risk factors for non-communicable diseases, including
cardiovascular disease, cancer, and type II diabetes, physical inactivity is predicted to be
responsible for over five million preventable deaths per year [2]. Despite this, one in four
adults globally do not meet PA recommendations [1]. Sedentary behaviour, defined as
any waking behaviour characterized by an energy expenditure <1.5 metabolic equivalents
(METs) while in a sitting or reclining posture [3], is an independent risk factor for mortality
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even among individuals meeting the PA guidelines [4]. Previous estimates suggest that
adults spend approximately 60% of their waking time engaged in sedentary pursuits,
equating to more than eight hours a day [5]. These estimates of population-level PA and
sedentary behaviour represent a significant challenge for public health. Indeed, PA and
reduced sedentary time/behaviour may be even more important with the emergence of
the novel coronavirus disease 2019 (COVID-19) since being physically active is associated
with a lower risk of community-acquired infections, including COVID-19 [6].

First described in December 2019, COVID-19, caused by being infected with the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was declared a pandemic by
the World Health Organization (WHO) on 11 March 2020. As of 20 July 2021, there have
been over 190 million confirmed cases and 4 million deaths associated with COVID-19
in 218 countries, areas, or territories worldwide [7]. In response to the emergence and
transmission of COVID-19, the WHO issued advice for all countries to identify, manage,
and care for new cases of COVID-19 [8]. Whilst the response was not heterogeneous
globally, national responses included the introduction of social distancing, restrictions on
travel, the cancellation of mass participation events, changes to work practices, and the
introduction of self-isolation and quarantine to slow further spread, avoid overwhelming
health systems, and to prevent infection among those at higher risk of severe outcomes [8].
Given the rarity of pandemics and the different approaches taken in response to the COVID-
19 pandemic, our understanding of the effects of these restrictions on individuals’ lifestyles
and health is limited.

Physical activity is a complex and multi-faceted behaviour; to fully understand the
impact of the COVID-19 pandemic, it is necessary to explore the interactions between
the individual, their social and physical environments, and relevant policies, which is
consistent with a socioecological approach [9]. Socioecological models incorporate a broad
range of variables that are expected to influence behaviour, and they can be used alongside
other complementary, theoretically based models, such as the capability, opportunity,
motivation, and behaviour (COM-B) model [10], to determine which conditions need to be
met to facilitate behavioural change at an individual and ultimately population level [11].
The COM-B model outlines three potential mechanisms of behaviour change, each made
up of two aspects: capability (physical and psychological), opportunity (physical and
social environment), and motivation (reflective and automatic) [10]. The COM-B is the
behavioural system positioned at the centre of the Behaviour Change Wheel (BCW), a
framework that provides a structure to identify which aspects of behaviour provide suitable
targets for interventions and which intervention functions are therefore most likely to be
effective [11]. Assessing the impact of the COVID-19 pandemic on the correlates of PA and
sedentary behaviour is essential to inform the response of policy makers and intervention
designers seeking to increase PA and reduce sedentary behaviour to improve population
health as we transition to and establish a new normal.

The aims of the integrative review were, therefore, to (i) interrogate the available liter-
ature to establish the impact of the COVID-19 pandemic on correlates of PA and sedentary
behaviour conceptualized within a socioecological model and (ii) use the COM-B model to
identify mechanisms of behaviour change directly mapped from the developed socioeco-
logical model to make recommendations to inform future PA intervention strategies and
policy following the COVID-19 pandemic.

2. Materials and Methods
2.1. Literature Review Methodology

To inform the conceptualization of the socioecological model, an integrative review
of both quantitative and qualitative literature relating to PA, sedentary time/behaviour,
and COVID-19 was conducted in line with published guidance [12]. Both sedentary
time and behaviour have been included to ensure no literature is excluded due to the
absence of a measure of posture or specified behaviour. Electronic databases (EBSCOhost
Medline, CINAHL plus, EBSCOhost SPORTDiscus, SCOPUS, Web of Science) were used
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to search key terms on 16 January 2021. Boolean and MeSH terms, developed following

”oou

librarian guidance, were used to search for the following terms and variations of each
term: “physical activity”, “exercise”, “sport”, “recreation”, “active travel”, “physical
performance”, “physical function”, “sedentary time” “sedentary behaviour”, “sedentary
lifestyle”, “physical inactivity”, “prolonged sitting”, and “coronavirus”, “COVID-19”,
“SARSCov2”, “n-CoV”, and “novel coronavirus”. Original studies published in English
that assessed correlates of PA and sedentary time/behaviour in adults aged 18 years
or over during the COVID-19 pandemic were included. A full breakdown of article
inclusion/exclusion criteria is provided in Table 1.

Table 1. Study inclusion/exclusion criteria.

Variable

Inclusion Criteria

Exclusion Criteria

Population or
participants and
condition or interest

Adults aged 18 years or older
Any sex/gender
Not restricted to the UK

Studies including children
and
adolescents (aged less than
18 years)

Intervention or
exposures

Exposure to the COVID-19
pandemic, containment, and
mitigation strategies

Studies that involve
non-COVID-19 related
pandemics, such as SARS or
MERS

Comparison or control groups

No restrictions

Outcomes of interest

Data/information, qualitative
or quantitative, relating to
correlates
of PA and/or sedentary
time/behaviour during the
COVID-19 pandemic

No data relating to the
pandemic phase or
restrictions in place available
Studies only including
empirical data on volume of
or changes in volume of PA or
sedentary time/behaviour

Data pooled from multiple
different countries

Setting Any community setting
Any ra.ndomlzedl, . Studies not providing original
non-randomized, qualitative, .
. . results, such as systematic
Study designs or mixed methods study

reviews, meta-analysis,

design providing original . .
snp & o1g general reviews, or editorials

results

COVID-19: novel coronavirus disease 2019; PA, physical activity; MERS, Middle East respiratory-system related
coronavirus; SARS, severe acute respiratory syndrome; UK, United Kingdom.

Two authors (RLK and AWR) independently reviewed all generated citations and
abstracts to select eligible studies using Rayyan (QCRI, Qatar), coding articles as either
“included” or “excluded”. Subsequently, all “included” articles at this stage were obtained
as full-text articles and reviewed against the pre-defined inclusion/exclusion criteria inde-
pendently by the two authors. Three disagreements regarding eligibility were resolved by
discussion with a third reviewer (LS). For an example of the full search terms and a detailed
outline of the study selection and data extraction procedures, see online Supplementary
Material File S1.

2.2. Quality Assessment

Whilst a critical appraisal of the literature has not always been a core component of the
integrative review process [13], it is now deemed crucial [12]. Therefore, the Mixed Meth-
ods Assessment Tool (MMAT) [14], suitable for assessing different study designs (mixed
methods, qualitative, quantitative—descriptive, and randomized and non-randomized
trials), was used to appraise the quality of included studies. Depending on research design,
one author (RLK) independently rated five domain criteria as “Yes”, “No”, or “Unclear”,
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with a second author (AWR) randomly checking 25% of the ratings to ensure consistency.
No discrepancies were identified. Each study was subsequently attributed an overall
quality score, presented using asterisks (*) as a descriptor, ranging from 1*, where 20%
of the quality criteria have been met, to 5%, where 100% of the quality criteria have been
met [15]. No studies were excluded due to low quality.

2.3. Data Analysis and Model Development

Using the six-stage process of thematic analysis outlined by Braun and Clarke [16],
one author (RLK) reviewed the data extracted from the retrieved literature to identify
correlates of PA and sedentary time/behaviour during the COVID-19 pandemic. The initial
coding process was deductively driven by the socioecological model of Sallis et al. [9], with
codes allowed to emerge inductively from the semantic meaning of the data under the
headings Individual, Social, Environmental, and Policy. Generated codes were categorized
into sub-themes, named, and defined to accurately represent the data. During these stages,
codes and themes were independently challenged by a “critical friend” (LS), checked back
in reverse to the original data extracts, and, where necessary, refined to ensure congruity.

Utilizing the generated sub-themes, the first author (RLK) completed a two-step
process: (i) conceptualization of the socioecological model consistent with Sallis et al. [9]
and (ii) mapping of the developed context-specific model to the components of the COM-
B [11]. Specifically, the COM-B model was deemed the most appropriate model to facilitate
the exploration and understanding of the mechanisms of behaviour change conceptualized
within the socioecological model. Moreover, the COM-B can be utilized in combination
with the behaviour change wheel to identify which aspects of the behavioural systems need
to be influenced and in what ways [10], thereby providing a framework to translate this
information to inform future interventions and policy. To enhance transparency, credibility,
quality control, and rigor [17], following the completion of each step, the “critical friend”
additionally blindly cross-matched 10% of the studies against the generated model to
ensure consistency in approach and that the data had been mapped appropriately. All
discrepancies were discussed and reviewed in reverse, from the model to the original
studies, until a consensus was reached.

3. Results

A total of 3996 articles were identified from electronic database searches, with a further
two identified from secondary searches. Following the removal of duplicates, 1979 articles
were screened, with 1838 excluded and 141 retrieved for full-text eligibility screening. Sixty-
four articles were retained and included in the final analysis (Figure 1). The remaining
articles encompass data from 155,313 adults aged 18 years or over [18-81] from 25 different
countries, spanning six continents. All articles included >100 participants who were living
under some degree of restrictions imposed to limit the spread of COVID-19 and presented
data on correlates of PA, except for Kaur et al. [44] and Karuc et al. [42], which included
22 and 91 participants, respectively. Only 19 out of 64 (30%) provided details of correlates
relating to components of sedentary time/behaviour. An illustrative summary of study
details is provided in Table 2. Full, individual study characteristics and MMAT quality
assessments are provided in Supplementary Tables S1-53, respectively.
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Figure 1. Schematic flow diagram of the integrative review process.

A narrative synthesis of the findings, discussed in line with the dimensions of the
socioecological framework of Sallis et al. [9], are outlined in the following section. Whilst
these primarily relate to PA, where inferences to sedentary time/behaviour were possible,
these are also noted. To help frame the impact, the findings from the analysis of the PA
data were conceptualized into a socioecological model, Figure 2, that allows variables from
different domains and the potential dynamic between individuals and wider influencing
factors to be portrayed [9]. To aid with understanding and to align with evidence, only the
strongest correlates were mapped. Due to the lack of robustness, consistency, and breath of
data available relating to sedentary time/behaviour, the creation of a second, or combined,
model was not deemed appropriate.
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Table 2. Illustrative summary of study characteristics and overall study quality.

Number of Studies
Australia 1[62]
Austria 1[64]
Bangladesh 2 [46,65]
Belgium 1[33]
Brazil 3[56,74,80]
Canada 5[32,48,49,61,67]
Chile 1 [66]
China 1[51]
Croatia 1[42]
France 1[73]
Ghana 1[21]
Hungary 1[18]
Country of study Japan 2 [60,78]
Jordan 1[19]
KSA 1[22]
India 1[44]
Italy 5[25,31,38,54,57]
Northern Cyprus 1[23]
Spain 8[20,26-29,52,53,72]
Taiwan 1[30]
Thailand 1 [43]
Turkey 1[63]
United Kingdom 9 [24,36,40,41,68-70,75,76]
Ukraine 1[71]
USA 13 [34,35,37,39,45,47,50,55,58,59,77,79,81]
Observational
Study design Cross-sectional 59 [18-28,30-38,40-43,45-54,56-71,73-81]
Longitudinal 41[29,39,55,72]
Phenomenological 1 [44]
Physical activity 64 [18-81]
Sedentary behaviour
Correlated Active breaks 1[66]
behaviour Screen time 5[19,32,58,59,80]
Sitting time 11 [18,24,26,54,58,59,65,68,72,77,79]
Sedentary time 4[21,28,51,81]
Stay-at-home order 47 [18-29,31,34-36,38,40-46,51-57,60,62-65,68-76,78,80]
Primary COVID-19 Social distancing 4[30,58,59,66]
restrictions Varied by state/region 12 [32,37,39,47-50,61,67,77,79,81]
Lockdown light 1[33]
* 11[77]
o 10 [31,55-57,59,60,71,73-75]
Overall study quality - 29 [19,21,22,24,25,27,29,30,32,33,35,37,39-41,43,46,58,61,63—

Rl

A AN

66,68,70,72,76,79,81]
21 [18,20,23,26,28,34,38,42,45 47-54,67,69,78,80]
3 [36,44,62]

COVID-19: novel coronavirus disease 2019; KSA, Kingdom of Saudi Arabia; USA, United States of America. Overall study quality was
assessed using the the Mixed Methods Assessment Tool (MMAT) and is reported using asterisks (*) as a descriptor, ranging from 1*, where
20% of the quality criteria have been met, to 5%, where 100% of the quality criteria have been met [15].
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Figure 2. Socioeconomic model of correlates of physical activity during the COVID-19 restrictions.

3.1. Individual—Biological Factors
3.1.1. Age and Sex

For age, discrepancies in the definitions adopted to differentiate between and describe
“younger”, “middle-aged”, and “older” adults limit the conclusions that can be drawn.
Nonetheless, where younger adults aged <30 years were found to be more likely to increase
their PA levels [25], those aged 18-25 years were more likely to be less active than those
aged >25 years [65]. Furthermore, people aged 18-34 years or 35-54 years were more likely
than “older adults” aged 55-74 years to be in a higher exercise category [33]. Whilst middle-
aged adults (aged 40-64 years) were 1.2 times more likely to meet MVPA guidelines than
their younger counterparts (aged 18-39 years) [43], those aged 43 years and over presented
greater reductions in global guideline achievement [52]. Conversely, being aged 65 years
or greater was also associated with maintaining sufficient [75] or higher [41] levels of PA.
These findings are further complicated by reports that, in general, older individuals are
more likely to exercise more frequently than younger (no age category specified) adults [30]
and that age had no effect on either the change in PA levels [37] or behaviours [70].

There is little consensus in the literature as to the influence of sex on PA levels during
the first wave of the COVID-19 pandemic. Specifically, where sex differences in PA levels
were observed, females were reported to be more likely to be more active [38,75], to
increase their PA levels [28,47,72], or to have smaller reductions in PA levels [28,52]. In
contrast, others reported sex differences that favoured males [43,51,61,66,70], whilst some
found no sex differences [18,30,37,42,57]. Additionally, in one instance, the difference
between males and females was only apparent for light PA and not moderate, vigorous, or
moderate-to-vigorous PA (MVPA) [26].

Similar variations in findings were observed for sedentary time/behaviour. Age may
play a part in this complex depiction; indeed, screen-time habits declined with increasing
age [32]. Nevertheless, being a younger adult was associated with being more likely to
increase overall sedentary [28] and sitting time [65] but also a decrease in screen time
obtained from watching television [19]. Regarding sex differences, where overall sedentary
time [28] and, conversely, having more active breaks [66] were both reported to be higher in
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men, sitting time increased irrespective of sex [66,72]. However, further findings indicated
that sitting time was higher in females [26,65]. For screen time, there were contradictory
findings reported, with both males [19] and females [32] being the most likely to increase
time spent watching television. There is some suggestion, though, that such differences may
be attributed to the type of screen time engaged with or reported. Where television time
(and internet use) was higher in females, more males reported an increase in video-game
use [32].

3.1.2. General Health

Multiple variables associated with general health present as factors that positively
or negatively influenced PA and sedentary time/behaviour. Lower perceived overall
general or physical health has been related with being significantly less active [63,65,69].
More specifically, negative associations were identified between PA and body mass [66,69],
physical and general fatigue [24], sleep quality [40,80], and having a chronic or high-risk
health condition [36,43,69,70], whilst not meeting guidelines for light-intensity PA [26] and
spending less time per week being physically active [72] were linked with body mass index
(BMI). Positive associations were found with higher perceived general and/or physical
health and PA [18,24,31] and outdoor versus indoor exercise [32]. It is, however, pertinent to
note research that highlighted no association between BMI and change in PA levels [37] and
significantly higher levels of physical inactivity among individuals without compared to
those with a chronic disease [65]. Similar findings were also observed in sitting time [65,72].
Negative associations were also found between sleep quality, television/computer/tablet
use [80], and sitting time [54], perceived health and sitting time [79], BMI and screen
time [19], and physical fatigue and sitting time [24]. Positive associations were observed
between physical health and sitting time [18,65] and general health and screen time [32],
with an inverse association reported between body mass and taking active breaks [66].

3.2. Individual—Psychological Factors
3.2.1. Mental Health

Multiple associations were identified between components of mental health and well-
being and PA. Although some of the evidence within this theme is of lower
quality [31,56,57,59,60,71,73,74], it remains clear that having a better overall mental health
status is associated with being more physically active. This is demonstrated with relation
to walking [18], total volume of PA [18], light-intensity PA [24], moderate-intensity PA [21],
vigorous-intensity PA [21], MVPA [26,41], general PA levels [49,57,59,61,63,69,73,78], and
outdoor PA [49]. It is also pertinent to note that the correlation between overall mental
well-being and PA may be stronger in females than males [57].

Correlations were identified with anxiety, depression/mood, and emotions. For
anxiety, higher levels were associated with decreased or less PA [23,35,41,56,61,71,74,80]
and outdoor activity [49], whilst lower levels were associated with participating in physical
exercise [48,74] and achieving recommended PA guidelines [53]. Further, non-directional,
significant interactions were also reported [26,63]. However, not all results supported these
findings, with non-significant differences observed for generalized anxiety between active
and inactive individuals [49] and severe anxiety having a stronger association with higher
MVPA than moderate anxiety [61]. For depression/mood, positive associations were
observed between lower depression/mood levels and engaging in physical exercise [46,74],
the volume of MVPA [51], maintaining or slightly increasing pre-COVID-19 PA levels [40],
meeting PA guidelines [53], and moderate- (over vigorous-) intensity PA [29]. Higher levels
of depression were linked to changes in pregnancy exercise routines [39], whilst having high
levels of both depression and anxiety almost doubled the likelihood of being less physically
active [71]. Further non-directional associations were also reported [26,34,63,68]. For
emotions, relationships between higher stress levels and decreased [35,47,59], less [59,60],
or non-participation in [74] PA were reported. Additionally, poorer overall emotional
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well-being [61] and feelings of sadness [80], loneliness [59,80], and distress [57] were all
reported to be detrimental to levels of PA.

With regard to sedentary time/behaviour, correlations were identified with compo-
nents of mental health. Sedentary time [21] and screen time [21,59] were negatively associ-
ated with overall mental health. Higher levels of depression were associated with increased
screen time [59] and sitting time [59,72]; higher levels of anxiety with increased screen
time [80] and sitting [72]; and emotions, incorporating loneliness [59,80], sadness [80],
and higher levels of stress [59] with increased screen time. However, additional findings
showed no association between any emotional states and sitting time [59], depression
and sedentary time [51], or parameters of mental health (self-perceived, depression) and
sitting time [59]. Nonetheless, interactions were observed between mental health, PA,
and sedentary time/behaviour, with better mental health status and higher levels of PA
associated with daily sitting time [18] and lower increases in screen time [32].

3.2.2. Personality Traits

Minimal evidence, mostly of low quality [77], infers that overall [77] or components of
personality may have influenced PA levels and sitting time. Higher levels of neuroticism
were associated with being less active [67,77] and sitting more [77], whilst being more
extroverted (including activity-extraversion), conscientious [67,77], and/or agreeable [77]
were related to higher mean levels of PA and decreased sitting time. Being more open was
related to being more active but was unrelated to sitting time [77].

3.2.3. Motivation

Stemming from multiple different conceptual elements, during the COVID-19 pan-
demic, motivation also presented as a strong correlate of PA. On an intrinsic level, au-
tonomous motivation was related to being more active [49,61,76]. Emotional and psycho-
logical well-being [20], perceived benefit [49,61], maintaining good health [20], feeling
better about oneself [20], affective judgements [67]—particularly enjoyment [20,49,61],
the level of interest [33], desire to participate, and importance placed on PA [20] were
all identified as potential influential PA motives. Additionally, where positive affect was
positively related to MVPA [26,55] and, in some instances, moderate-intensity PA [26],
negative affect was negatively related to MVPA [55]. On an extrinsic level, external regula-
tion [49], striving to achieve goals [67], and introjected factors, for example, forcing oneself
or viewing PA as a drudgery task, were associated with PA regulation [20,61]. Conversely,
being amotivated [49], or having a general lack of motivation, was related to being less
active [44,47].

3.2.4. Cognition

Physical activity modulation has been linked to cognitive characteristics. In adults, cor-
relations were observed between confidence [49,61], identity [67], perceived capability [76],
resilience factors (locus of control/self-efficacy /optimism) [26,27], knowledge [43,56], and
PA levels. However, no association between knowledge and behaviour was reported [76].
It is unclear whether specific COVID-19 concerns impacted engagement; whilst a fear of
contamination was a reported concern [33], it served as both a PA driver and inhibitor [25].

3.2.5. Behaviour

Actions and responses, or behaviour factors, had important repercussions for PA
during the COVID-19 pandemic. Higher levels of pre-restriction PA were linked to having
a higher probability of maintaining, increasing, or having sufficient levels during the
restrictions [30,75] but also related to having the greatest declines [28,37,42,57,78]. Larger
reductions in PA were observed in adults who previously attended the gym [37], exercised
with friends [33], or engaged with a sports club [33,42]. Merely participating/being
previously active and therefore having an established habit had positive effects on PA
levels [23,30,31,42,67], including time spent engaging in outdoor activity [49], and led to
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being more likely to achieve PA guidelines [38]. However, trends were observed whereby
adults classified as “less active” before COVID-19 actually also increased the time they
spent being physically active during the period of restrictions [28,57].

Whilst an association with behaviour is apparent, the mechanisms of effect are po-
tentially complex. Relationships were reported between behavioural intention and PA
levels [72,81]. However, additionally, associations were reported between prior PA habits,
intention, and autonomous motivation during the pandemic [31], with such social cogni-
tion constructs (autonomous motivation, perceived behaviour control, attitudes, subjective
norms) potentially mediating the relationship between past behaviour and subsequent
intention [45]. Similarly, associations were observed between behavioural planning and PA
levels [61,67], with planning also identified as a potential mediator between past behaviour
and intentions [45].

3.3. Social Level Factors
3.3.1. Sociodemographics

A general association with income was observed [41,67], with higher income related
to a higher exercise frequency [30], achieving sufficient [75] or increased levels of PA [37],
and being more likely to change to more intense PA [70]. Conversely, having a lower
income was related to lower PA levels [69], with COVID-19-related changes to income
associated with a higher risk of greater declines in PA [37] and changes to pregnancy
exercise routines [39]. Being food secure, potentially related to income, was also negatively
related with sitting behaviour [79]. However, being from a higher socioeconomic status
family was found to be a predictor of both physical inactivity and sitting time [65].

Adults with a higher level of education were less likely to decrease their PA lev-
els [25,33,52], with education being positively correlated to MVPA [67]. However, these
findings are counterbalanced by reports of no significant association [30,43] and physical
inactivity being significantly higher among those educated to graduate level or above [65].
Furthermore, being a student was, in general, related to being less active in comparison
to pre-COVID-19 [40], significant decreases in MVPA [42], decreases across all PA inten-
sity levels [28], and higher levels of physical inactivity [65] and sitting time [65,72]. No
association was found between student living environment (university residence, shared
apartment, with family) and sitting time [72].

Regarding employment status, where in some instances a general association was
observed [67], and employed individuals showed significantly lower reductions in PA
levels [52], being unemployed was equivocally related to decreased [37], insufficient [43],
or higher levels of PA [41]. Where those who transitioned to working at home during
the pandemic increased their PA, those who did not or were already working from home
experienced a decline [37].

Whilst ethnicity may be related to variations in parameters of PA [34,69,79] and sitting
time [79], the breadth of data on which to draw inferences is limited.

3.3.2. Support

Having better social relationships was related to higher levels of moderate- and
vigorous-intensity PA [50], whilst lower perceived social well-being was associated with
engagement in less PA [61]. Access to less social support was related to being less
active [49,59,61], with this suggested to be particularly pertinent in adults who were al-
ready classed as inactive [49]. However, no link was found between social opportunity and
different PA modalities (i.e., for transport, at work, in the neighbourhood) [76]. A lack of ac-
cess to structured support from instructors [44], organized activities, friends/companions,
and the competitive aspects of exercise [33] were all deemed detrimental. Indeed, a degree
of association was also observed between being able to engage in PA with others and
mental health [49], an already noted, potentially important correlate.
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3.3.3. Domestic Situation

Parameters of an adult’s home life, or domestic situation, were thematically high-
lighted as potential PA facilitators and barriers. Living alone was associated with greater
decreases [37] or starting to do less intense PA [70], whereas although some reported
no effect of having dependents at home [37], others reported that having children was
associated with greater increases in PA [47,67] or starting to do more intense PA [70]. Fur-
thermore, although the volume of PA increased as the number of children per household
increased [79], the reverse was observed for the number of grandchildren [23]. Having a
partner or family to exercise with [33] (particularly for females [22]), a dog [62,67], being
married [41], a housewife [65], or living with a nuclear but not joint family [65] were all
related to higher PA levels as opposed to being single, which was associated to higher levels
of physical inactivity [65]. However, living with a nuclear family predicted higher levels
of sedentary behaviour (sitting time) [65]. For women, having stable childcare provision
positively impacted opportunities for PA, whilst increasing childcare demands were linked
to decreases in confidence and more difficulty engaging in PA [61].

3.3.4. Lifestyle Choices

Associations were identified between choices regarding other health-related behaviours
and PA, specifically diet. Reducing food intake was associated with increases in PA [25],
a negative correlation was observed with pre-prepared food or snack intake [60], a pos-
itive correlation with general changes to diet [40], and significant differences (direction
unspecified) with not eating a Mediterranean diet [72]. For sedentary behaviour-related
outcomes, alcohol consumption, eating a Mediterranean diet, and/or being a non-smoker
were related to increased sitting time [72], whilst taking active breaks afforded some pro-
tection over poor dietary choices [66]. Significant correlations were noted between PA
and sedentary time/behaviour. Being less sedentary was related to being more active [33]
and vice versa [54,65,79], with adults who were more active pre-restrictions potentially
being more likely to report the highest increases in sedentary time [28]. However, no
specific correlation was identified between stage of change (PA) and sitting time, with
increases observed with groups in the contemplation, preparation, action, and maintenance
stages [72].

3.4. Environmental Factors
3.4.1. Area of Residence

Whilst acknowledged as one of the weaker themes identified, a potential association
was identified between factors relating to an adult’s area of residence and PA levels. Living
in an urban or metro area was related to undertaking less PA [65], being less likely to
meet MVPA guidelines during the pandemic [43], being more likely to report pregnancy
exercise routine changes [39] and increased sitting time [65]. Additionally, not having
access to outdoor space was linked to starting to do less intense PA [70]. However, with
other reports of no significant effects of any neighbourhood environment variables on
PA [67], the magnitude of importance of area of residence remains unclear.

3.4.2. Resources

With the enforcement of restrictions came a loss or change in access to resources,
including facilities and equipment. Access to sports clubs [33], gyms [44,54], and suitable
(gym) equipment [51] represented a major obstacle to engaging in PA. Having access to
equipment at home was related to being more active [67] and predicted greater levels of PA,
planning, and autonomous motivation [45]. Purchasing home equipment also attenuated
declines or led to increases in PA [37]. The effects of having access to cardiovascular
and/or strength training equipment were potentially mediated by and correlated with
autonomous motivation [45], with autonomous motivation and components of the theory
of planned behaviour (attitudes, subjective norms, perceived behavioural control) also
potentially mediating the relationship between equipment availability and PA intention
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and/or habit [45]. Engagement with alternative resources, specifically technology-driven,
virtually delivered fitness platforms, (i.e., exergaming, online classes), led to increases
in [37] or higher levels of total PA [33] (compared to those who did not) or the maintenance
of PA routines [44,56]. Additionally, the use of a specific PA app and its gamification
features was related to more positive changes in PA but not sedentary behaviour (sitting
time) [81].

3.5. COVID-19-Related Rules

Whilst the country-specific COVID-19-related rules and regulations that were im-
plemented to curtail the spread of the virus may have had overarching, more indirect,
negative effects on adults’ PA (as identified in the previous themes), the direct effects were
variable. Although in some instances, social distancing measures had a negative effect on
MVPA [67], in others, no specific effects of lockdown policy or COVID-19 restrictions were
observed [43,49], or the restrictions presented barriers to PA for females but not males [61].
Similarly, being furloughed was associated with greater declines in PA [37], transitioning
to working from home with increased PA [37], and changes to work status (working from
home or lost job) had no effect [58,61]. Conversely, such changes were related to higher
sitting time (working from home or lost job) and screen time (lost job) [58].

Other changes to routines also had varying effects. Whilst some found that more time
was available, which facilitated PA opportunities [33,47,54], others found reductions in
time to be a barrier [33,54]. Not being able to continue and missing usual exercise regimes
was related to less PA [33,61], whereas those who were able to adapt their routines were
able to limit their PA declines [37,56]. The specific limitations through a perceived lack of
opportunity to be active also had negative connotations for PA [49,61,76].

4. Discussion

This review sought to explore the correlates of PA and sedentary time/behaviour in
adults aged 18 years or over during the unique period of enforced lifestyle restrictions
during the COVID-19 pandemic. A recent systematic review found that in the vast majority
of included studies PA decreased, and sedentary behaviour increased in both adults and
children [82]. Enhancing our understanding of the multilevel influences on PA and, where
possible, sedentary time/behaviour is therefore urgently needed to effectively guide future
public health initiatives and policies.

For PA, the model illustrates potential influences over all five levels: Individual
(biological), Individual (psychological), Social, Environmental, and Policy. For sedentary
time/behaviour, the findings provide some indication that individual level factors, namely
general and mental health, may be the primary correlates of importance. Indeed, it is
already established that the relationship between mental health as the overall concept or
as specifically defined conditions (i.e., depression, anxiety) and PA/sedentary behaviour
is bi-directional [83]. Specifically, poor mental health status often leads to being less
physically active and more sedentary, whilst being less active and engaging in more
sedentary behaviours can have negative implications for mental health [83]. Several
studies have reported this to be a significant issue during the first stage of lockdown
restrictions [84]. Nonetheless, more detailed discussions of this correlate are precluded
by the lack appropriate available evidence and indeed robustness during the COVID-
19 restrictions.

Prior behaviour and, more specifically, habits were associated with PA engagement
during the periods of restrictions [23,28,30,31,37,42,57,67,75,78]. It is, however, apparent
that relationships and interactions between factors from different levels of the socioeco-
logical model and the magnitude of effect that these may have at an individual level may,
at least in part, explain some of the variations in the behaviour observed. The ability to
maintain habits was, for some, directly influenced by a loss of access to resources and
facilities [33,37,42]. For individuals who participated in team sports [33,42] or utilized
gyms [37] or other sporting facilities (e.g., swimming pools) to keep active, pre-COVID-19



Int. J. Environ. Res. Public Health 2021, 18, 10910 13 of 19

participation and habit could have become irrelevant given that the opportunity had been
removed. In contrast, such impact on habits were less manifest for those who engaged in
outdoor physical activities, such as running. Whilst it could be argued that being physi-
cally active and less sedentary does not have to be dependent on equipment, establishing
new habits may be challenging if sociodemographic situations [37,39,43,69], support struc-
tures [33,44,49,59,61], and/or local infrastructure [65,70] are not optimal. Notwithstanding
these factors, individuals may also need to draw on and maintain their personal motivation
on an intrinsic [20,26,33,49,55,61,67,76] and / or extrinsic level [20,49,61,67] and believe in
their own capability [26,27,43,49,56,61,67,76].

Interestingly, unlike pre-COVID-19 [85,86], during the pandemic restrictions, neither
age or sex presented a clear correlation with either PA or sedentary time/behaviour. It
is, however, pertinent to acknowledge other factors that may have influenced these find-
ings. As outlined in Table 2, the countries in which the studies were undertaken and
the level of restrictions imposed, even sometimes within countries, varied significantly.
Additionally, seasonal differences, which are already known to impact both PA and seden-
tary time/behaviour [87], were not accounted for. Individuals surveyed who resided in
countries where the weather facilitated outdoor activity may not have been as severely
impacted by any imposed restrictions. Finally, studies predominately reported levels of
MVPA. Where light-intensity PA was reported, sex differences were found, with females
being more likely to engage in sufficient levels in comparison to males [26]. Given that even
small increases in PA can have positive benefits [1], with a move towards 24-h movement
guidelines [88], this finding warrants further exploration.

It is apparent that there may be differences in the level of impact different correlates
have for different age or sex groups, such as mental health having a greater impact on
PA in women [57], with age-related differences in the type of screen time that needs to be
challenged [32]. However, there were insufficient group-specific data, which precluded
further interpretation. Such differences, however, are theoretically not unexpected. If, pre-
COVID-19, different populations (i.e., older adults) had different motivators and barriers
to PA [89,90] that require different batteries of behaviour change techniques to facilitate
change [91], then it stands to reason that the correlates of their behaviour during these
periods of “unknown” could be different. Only three studies specifically surveyed adults
aged >60 years [26,68,78].

4.1. Recommendations for Policy: Mapping to the COM-B

Understanding which mechanisms of behaviour need to be targeted to develop effec-
tive interventions or strategies to facilitate PA is essential. Mapping the strongest identified
correlate themes for PA to the components of the COM-B [11] (Table 3) highlights that, to
some degree, changes to all behavioural components could be needed. However, when
considered in context with the strength of evidence supporting each theme, as previously
discussed, and the frequency of component identification, capability (psychological) and
opportunity (physical) become the core focus for attention. Whilst it is clear that the
removal of physical opportunity had a significant impact on PA levels during the initial
pandemic control restrictions, future policies need to not only consider this but that the
application of strategies that promote psychological well-being may be vital, both of which
are not mutually exclusive.
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Table 3. Physical activity socioecological model themes mapped to the COM-B components.

Framework Theme Theme COM-B Component
Individual (biological) General health Capability (physical)
Individual (psychological) Mental health Capability (psychological)

Individual (psychological) Motivation Motivation (automatic)
Individual (psychological) Cognitions Capability (psychological)
Individual (psychological) Behaviour Motivation (reflexive)
Social Sociodemographic factors Opportunity (physical)
Social Support Opportunity (social)
Social Domestic situation Opportunity (social)
Social Lifestyle choices Capability (psychological)
Environment Resources Opportunity (physical)
Environment Area of residence Opportunity (physical)
Policy COVID-19 related factors Opportunity (physical)

COVID-19: novel coronavirus disease 2019.

During the easing of restrictions, particularly within the United Kingdom, sports
and leisure facilities were amongst the last to re-open. Moreover, as of June 2021, some
facilities had not yet re-opened at all, with others having a significantly reduced capacity.
The benefits of PA for health and well-being have been deemed irrefutable [92]. Therefore,
if measures are not taken to facilitate at least a return to access at pre-COVID-19 levels or
improve access to alternative options (i.e., outdoor gyms, cycle tracks), then, especially in
more rural areas where opportunity is already limited, the negative repercussions, not just
immediately but for future generations, could be extensive. Moreover, given the observed
correlations with sociodemographic-related factors, limiting access to affordable PA options
will only serve to widen the current socioeconomic health gap.

4.2. Strengths and Limitations

Despite the rigorous, systematic approach adopted, underpinned by published guid-
ance and the use of validated tools, this review is not without limitations. In all epidemiolog-
ical research, the results will always be partially dependent on who chooses to participate
and the variables that the studies chose to explore. The data included in this analysis are
cross-sectional. Therefore, even where a direction of effect has been stated, this only infers
correlation, not causation. The majority of data were collected via self-report measures,
with retrospective recall of pre-COVID behaviour patterns. During the unprecedented
COVID-19 situation, it does, however, have to be accepted that these online methods, even
with their potential accuracy and generalizability limitations [93], ultimately provided the
most appropriate approach. It is also important to note that (i) 17 studies used unvalidated
measures of PA or sedentary time/behaviour [19,25,30,33,35,39-41,46,59,64,71,73-75,77,80];
(ii) only studies published in English were included; and (iii) the participant samples are
not representative of the target population, being biased towards female, higher-educated,
and younger adults whilst also lacking ethnical diversity.

5. Conclusions

The vital restrictions enforced in an endeavour to control the devastating effects
of COVID-19 had a profound impact on PA and sedentary time/behaviour across the
world [82]. The factors underpinning these effects are complex and multi-faceted. However,
for adults, as we transition into a new normal, during any future periods of restrictions or
as part of focused behaviour change interventions, targeting capability on a psychological
level may be essential to both facilitate PA and limit sedentary time/behaviour. For PA,
whilst factors such as social support and motivation may also be important, limiting
restrictions to opportunity on a physical level could be crucial.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182010910/s1, Supplementary File S1: Further details of literature review stage method-


https://www.mdpi.com/article/10.3390/ijerph182010910/s1
https://www.mdpi.com/article/10.3390/ijerph182010910/s1

Int. J. Environ. Res. Public Health 2021, 18, 10910 15 of 19

ology; Table S1: Study characteristics; Table S2: Coding criteria for the Mixed Methods Assessment
Tool; Table S3: Quality assessment results from Mixed Methods Assessment Tool.

Author Contributions: Conceptualization, J.S., K.A.M. and M.A.M,; literature searching and method-
ology, R.L.K.; formal analysis, R.L.K., with secondary assistance from A.W.R. and L.S. and critical
interpretation from K.A.M.; writing—original draft preparation, R.L.K.; writing—review and editing,
RLK, MAM., AWR, LS, KAM,]S. and R.T,; visualization, R.L.K. and K.A.M.; supervision,
M.AM. and K.A.M.; project administration, M.A.M. and K.A.M.; funding acquisition, M.A.M. and
K.AM. All authors have read and agreed to the published version of the manuscript.

Funding: Funding was received from Sport Wales, as part of a COVID-19 contingency fund, which
enabled the appointment of the research assistant (first author) who conducted this review.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.  Rhodes, R.E; Janssen, I.; Bredin, S.5.D.; Warburton, D.E.R.; Bauman, A. Physical activity: Health impact, prevalence, correlates
and interventions. Psychol Health 2017, 32, 942-975. [CrossRef] [PubMed]

2. Ding, D.; Lawson, K.D.; Kolbe-Alexander, T.L.; Finkelstein, E.A.; Katzmarzyk, P.T.; van Mechelen, W.; Pratt, M. The economic
burden of physical inactivity: A global analysis of major non-communicable diseases. Lancet 2016, 388, 1311-1324. [CrossRef]

3. Sedentary Behaviour Research, N. Letter to the editor: Standardized use of the terms “sedentary” and “sedentary behaviours”.
Appl. Physiol. Nutr. Metab. 2012, 37, 540-542. [CrossRef] [PubMed]

4. Owen, N,; Healy, G.N.; Matthews, C.E.; Dunstan, D.W. Too much sitting: The population health science of sedentary behavior.
Exerc. Sport Sci. Rev. 2010, 38, 105-113. [CrossRef]

5. Matthews, C.E.; Chen, K.Y,; Freedson, P.S.; Buchowski, M.S.; Beech, B.M.; Pate, R.R.; Troiano, R.P. Amount of time spent in
sedentary behaviors in the United States, 2003-2004. Am. J. Epidemiol. 2008, 167, 875-881. [CrossRef]

6.  Hamer, M,; Kivimé&ki, M.; Gale, C.R.; Batty, G.D. Lifestyle risk factors, inflammatory mechanisms, and COVID-19 hospitalization:
A community-based cohort study of 387,109 adults in UK. Brain Behav. Immun. 2020, 87, 184-187. [CrossRef]

7. World Health Organization. COVID-19—Weekly Epidemiological Update. Available online: https://www.who.int/publications/
m/item/weekly-epidemiological-update-on-covid-19---20-july-2021 (accessed on 22 July 2021).

8.  World Health Organization. Critical Preparedness, Readiness and Response Actions for COVID-19. Available online: https:
/ /apps.who.int/iris/handle/10665/336373 (accessed on 11 November 2020).

9.  Sallis, ].E; Cervero, R.B.; Ascher, W.; Henderson, K.A.; Kraft, M.K.; Kerr, J. An ecological approach to creating active living
communities. Annu. Rev. Public Health 2006, 27, 297-322. [CrossRef]

10. Michie, S.; van Stralen, M.M.; West, R. The behaviour change wheel: A new method for characterising and designing behaviour
change interventions. Implement Sci. 2011, 6, 42. [CrossRef]

11.  Van Kasteren, Y.F,; Lewis, L.K.; Maeder, A. Office-based physical activity: Mapping a social ecological model approach against
COM-B. BMC Public Health 2020, 20, 163. [CrossRef]

12.  Toronto, C.E.; Remington, R. A Step-by-Step Guide to Conducting an Integrative Review, 1st ed.; Springer: Berlin/Heidelberg,
Germany, 2020; ISBN 978-3-030-37503-4.

13.  Whittemore, R.; Knafl, K. The integrative review: Updated methodology. . Adv. Nurs. 2005, 52, 546-553. [CrossRef]

14. Hong, Q.N.; Pluye, P.,; Fabregues, S.; Bartlett, G.; Boardman, F.; Cargo, M.; Dagenais, P.; Gagnon, M.-P; Griffiths, F; Nicolau, B.;
et al. Mixed Methods Appraisal Tool (MMAT); Version 2018; Registration of Copyright (#1148552); Canadian Intellectual Property
Office: Gatineau, QC, Canada, 2018.

15. Hong, Q.N. Reporting the rResults of the MMAT. Available online: http://mixedmethodsappraisaltoolpublic.pbworks.com/w/
file /140056890 / Reporting%20the%20results%200f%20the%20MMAT.pdf (accessed on 9 February 2021).

16. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]

17.  Smith, B.; McGannon, K.R. Developing rigor in qualitative research: Problems and opportunities within sport and exercise
psychology. Int. Rev. Sport Exerc. Psychol. 2018, 11, 101-121. [CrossRef]

18. Acs, P,; Premusz, V.; Morvay-Sey, K.; Palvolgyi, A.; Trpkovici, M.; Elbert, G.; Melczer, C.; Makai, A. Effects of COVID-19 on

physical activity behavior among university students: Results of a Hungarian online survey. Health Probl. Civiliz. 2020, 14,
174-182. [CrossRef]


http://doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/pubmed/28554222
http://doi.org/10.1016/S0140-6736(16)30383-X
http://doi.org/10.1139/h2012-024
http://www.ncbi.nlm.nih.gov/pubmed/22540258
http://doi.org/10.1097/JES.0b013e3181e373a2
http://doi.org/10.1093/aje/kwm390
http://doi.org/10.1016/j.bbi.2020.05.059
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---20-july-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---20-july-2021
https://apps.who.int/iris/handle/10665/336373
https://apps.who.int/iris/handle/10665/336373
http://doi.org/10.1146/annurev.publhealth.27.021405.102100
http://doi.org/10.1186/1748-5908-6-42
http://doi.org/10.1186/s12889-020-8280-1
http://doi.org/10.1111/j.1365-2648.2005.03621.x
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/140056890/Reporting%20the%20results%20of%20the%20MMAT.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/140056890/Reporting%20the%20results%20of%20the%20MMAT.pdf
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1080/1750984X.2017.1317357
http://doi.org/10.5114/hpc.2020.98472

Int. J. Environ. Res. Public Health 2021, 18, 10910 16 of 19

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Alomari, M.A.; Khabour, O.F,; Alzoubi, K.H. Changes in physical activity and sedentary behavior amid confinement: The
BKSQ-COVID-19 Project. Risk Manag. Healthc Policy 2020, 13, 1757-1764. [CrossRef] [PubMed]

Angosto, S.; Berengiii, R.; Vegara-Ferri, ].M.; Lopez-Gullon, .M. Motives and commitment to sport in amateurs during confine-
ment: A segmentation study. Int. |. Environ. Res. Public Health 2020, 17, 7398. [CrossRef]

Asiamah, N.; Opuni, EF.; Mends-Brew, E.; Mensah, S.W.; Mensah, H.K.; Quansah, F. Short-term changes in behaviors resulting
from COVID-19-related social isolation and their influences on mental health in Ghana. Community Ment. Health. ]. 2020, 57,
79-92. [CrossRef] [PubMed]

Barwais, F.A. Physical activity at home during the covid-19 pandemic in the two most affected cities in Saudi Arabia. Open Public
Health, ]. 2020, 13, 470-476. [CrossRef]

Belgen Kaygisiz, B.; Giigchan Topcu, Z.; Merig, A.; Gozgen, H.; Coban, F. Determination of exercise habits, physical activity level
and anxiety level of postmenopausal women during COVID-19 pandemic. Health Care Women Int. 2020, 41, 1240-1254. [CrossRef]
Brady, S.M.; Fenton, S.A.M.; Metsios, G.S.; Bosworth, A.; Duda, ].L.; Kitas, G.D.; Veldhuijzen van Zanten, J.J.C.S. Different types
of physical activity are positively associated with indicators of mental health and psychological wellbeing in rheumatoid arthritis
during COVID-19. Rheumatol. Int. 2020, 41, 335-344. [CrossRef]

Cancello, R.; Soranna, D.; Zambra, G.; Zambon, A.; Invitti, C. Determinants of the lifestyle Changes during COVID-19 pandemic
in the residents of Northern Italy. Int. . Environ. Res. Public Health 2020, 17, 6287. [CrossRef] [PubMed]

Carriedo, A.; Cecchini, J.A.; Fernandez-Rio, J.; Méndez-Giménez, A. COVID-19, psychological well-being and physical activity
levels in older adults during the nationwide lockdown in Spain. Am. ]. Geriatr. Psychiatry 2020, 28, 1146-1155. [CrossRef]
[PubMed]

Carriedo, A.; Cecchini, ].A.; Fernandez-Rio, J.; Mendez-Gimenez, A. Resilience and physical activity in people under home
isolation due to COVID-19: A preliminary evaluation. Ment. Health Phys. Act. 2020, 19, 100361. [CrossRef] [PubMed]
Castaneda-Babarro, A.; Arbillaga-Etxarri, A.; Gutierrez-Santamaria, B.; Coca, A. Physical activity change during COVID-19
confinement. Int. |. Environ. Res. Public Health 2020, 17, 6878. [CrossRef] [PubMed]

Cecchini, J.A.; Carriedo, A.; Fernandez-Rio, ].; Mendez-Gimenez, A.; Gonzalez, C.; Sanchez-Martinez, B.; Rodriguez-Gonzalez, P.
A longitudinal study on depressive symptoms and physical activity during the Spanish lockdown. Int. ]. Clin. Health Psychol.
2021, 21, 100200. [CrossRef] [PubMed]

Chang, Y.-K,; Hung, C.-L.; Timme, S.; Nosrat, S.; Chu, C.-H. Exercise behavior and mood during the COVID-19 pandemic in
Taiwan: Lessons for the future. Int. |. Environ. Res. Public Health 2020, 17, 7092. [CrossRef] [PubMed]

Chirico, A.; Lucidi, E; Galli, F,; Giancamilli, F,; Vitale, J.; Borghi, S.; La Torre, A.; Codella, R. COVID-19 outbreak and physical
activity in the Italian population: A cross-sectional analysis of the underlying psychosocial mechanisms. Front. Psychol. 2020, 11,
2100. [CrossRef]

Colley, R.C.; Bushnik, T.; Langlois, K. Exercise and screen time during the COVID-19 pandemic. Health Rep. 2020, 31, 3-11.
[CrossRef]

Constant, B.; Thibaut, E.; De Bosscher, V.; Scheerder, J.; Ricour, M.; Willem, A. Exercising in times of lockdown: An analysis of the
impact of COVID-19 on levels and patterns of exercise among adults in Belgium. Int. |. Environ. Res. Public Health 2020, 17, 4144.
[CrossRef]

Coughenour, C.; Gakh, M.; Pharr, J.R.; Bungum, T; Jalene, S. Changes in depression and physical activity among college students
on a diverse campus after a COVID-19 stay-at-home order. J. Community Health 2020, 46, 758-766. [CrossRef]

Dunca, G.E.; Aver, A.R;; Seto, E.; Tsang, S. Perceived change in physical activity levels and mental health during COVID-19:
Findings among adult twin pairs. PLoS ONE 2020, 15, €0237695. [CrossRef]

Fallon, N.; Brown, C.; Twiddy, H.; Brian, E.; Frank, B.; Nurmikko, T.; Stancak, A. Adverse effects of COVID-19-related lockdown
on pain, physical activity and psychological well-being in people with chronic pain. Br. J. Pain 2020, 15, 357-368. [CrossRef]
Fearnbach, S.N.; Flanagan, E.W.; Hochsmann, C.; Beyl, R.A.; Altazan, A.D.; Martin, C.K.; Redman, L.M. Factors protecting against
a decline in physical activity during the COVID-19 pandemic. Med. Sci. Sports Exerc. 2021, 53, 1391-1399. [CrossRef] [PubMed]
Galle, F; Sabella, E.A.; Ferracuti, S.; De Giglio, O.; Caggiano, G.; Protano, C.; Valeriani, F; Parisi, E.A.; Valerio, G.; Liguori, G.;
et al. Sedentary behaviors and physical activity of Italian undergraduate students during lockdown at the time of COVID-19
pandemic. Int. . Environ. Res. Public Health 2020, 17, 6171. [CrossRef] [PubMed]

Gildner, TE.; Laugier, E.J.; Thayer, Z.M. Exercise routine change is associated with prenatal depression scores during the
COVID-19 pandemic among pregnant women across the United States. PLoS ONE 2021, 15, e0243188. [CrossRef]

Ingram, J.; Maciejewski, G.; Hand, C.J. Changes in diet, sleep, and physical activity are associated with differences in negative
mood during COVID-19 lockdown. Front. Psychol. 2020, 11, 588604. [CrossRef] [PubMed]

Jacob, L.; Tully, M.A; Barnett, Y.; Lopez-Sanchez, G.E,; Butler, L.; Schuch, F.; Lopez-Bueno, R.; McDermott, D.; Firth, J.; Grabovac,
I; et al. The relationship between physical activity and mental health in a sample of the UK public: A cross-sectional study during
the implementation of COVID-19 social distancing measures. Ment. Health Phys. Act. 2020, 19, 100345. [CrossRef] [PubMed]
Karucg, J.; Soric, M.; Radman, I.; Misigoj-Durakovic, M. Moderators of change in physical activity levels during restrictions due to
COVID-19 pandemic in young urban adults. Sustainability 2020, 12, 6392. [CrossRef]

Katewongsa, P.; Widyastari, D.A.; Saonuam, P.; Haemathulin, N.; Wongsingha, N. The effects of the COVID-19 pandemic on the
physical activity of the Thai population: Evidence from Thailand’s Surveillance on Physical Activity 2020. J. Sport Health Sci. 2020,
10, 341-348. [CrossRef]


http://doi.org/10.2147/RMHP.S268320
http://www.ncbi.nlm.nih.gov/pubmed/33061709
http://doi.org/10.3390/ijerph17207398
http://doi.org/10.1007/s10597-020-00722-4
http://www.ncbi.nlm.nih.gov/pubmed/33033971
http://doi.org/10.2174/1874944502013010470
http://doi.org/10.1080/07399332.2020.1842878
http://doi.org/10.1007/s00296-020-04751-w
http://doi.org/10.3390/ijerph17176287
http://www.ncbi.nlm.nih.gov/pubmed/32872336
http://doi.org/10.1016/j.jagp.2020.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32919872
http://doi.org/10.1016/j.mhpa.2020.100361
http://www.ncbi.nlm.nih.gov/pubmed/33024452
http://doi.org/10.3390/ijerph17186878
http://www.ncbi.nlm.nih.gov/pubmed/32967091
http://doi.org/10.1016/j.ijchp.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/33363583
http://doi.org/10.3390/ijerph17197092
http://www.ncbi.nlm.nih.gov/pubmed/32998207
http://doi.org/10.3389/fpsyg.2020.02100
http://doi.org/10.25318/82-003-x202000600001-eng
http://doi.org/10.3390/ijerph17114144
http://doi.org/10.1007/s10900-020-00918-5
http://doi.org/10.1371/journal.pone.0237695
http://doi.org/10.1177/2049463720973703
http://doi.org/10.1249/MSS.0000000000002602
http://www.ncbi.nlm.nih.gov/pubmed/33449607
http://doi.org/10.3390/ijerph17176171
http://www.ncbi.nlm.nih.gov/pubmed/32854414
http://doi.org/10.1371/journal.pone.0243188
http://doi.org/10.3389/fpsyg.2020.588604
http://www.ncbi.nlm.nih.gov/pubmed/32982903
http://doi.org/10.1016/j.mhpa.2020.100345
http://www.ncbi.nlm.nih.gov/pubmed/32834833
http://doi.org/10.3390/su12166392
http://doi.org/10.1016/j.jshs.2020.10.001

Int. J. Environ. Res. Public Health 2021, 18, 10910 17 of 19

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kaur, H.; Singh, T.; Arya, Y.K.; Mittal, S. Physical fitness and exercise during the COVID-19 pandemic: A qualitative enquiry.
Front. Psychol. 2020, 11, 590172. [CrossRef]

Kaushal, N.; Keith, N.; Aguifiaga, S.; Hagger, M.S. Social cognition and socioecological predictors of home-based physical activity
intentions, planning, and habits during the COVID-19 pandemic. Behav. Sci. 2020, 10, 133. [CrossRef]

Khan, A.H.; Sultana, M.S.; Hossain, S.; Hasan, M.T.; Ahmed, H.U.; Sikder, M.T. The impact of COVID-19 pandemic on mental
health and wellbeing among home-quarantined Bangladeshi students: A cross-sectional pilot study. J. Affect. Disord. 2020, 277,
121-128. [CrossRef] [PubMed]

Knell, G.; Robertson, M.C.; Dooley, E.E.; Burford, K.; Mendez, K.S. Health behavior changes during COVID-19 pandemic and
subsequent “stay-at-home” orders. Int. |. Environ. Res. Public Health 2020, 17, 6268. [CrossRef] [PubMed]

Lebel, C.; MacKinnon, A.; Bagshawe, M.; Tomfohr-Madsen, L.; Giesbrecht, G. Elevated depression and anxiety symptoms among
pregnant individuals during the COVID-19 pandemic. ]. Affect Disord. 2020, 277, 5-13. [CrossRef] [PubMed]

Lesser, I.A.; Nienhuis, C.P. The impact of COVID-19 on physical activity behavior and well-being of Canadians. Int. J. Environ.
Res. Public Health 2020, 17, 3899. [CrossRef] [PubMed]

Limbers, C.A.; McCollum, C.; Greenwood, E. Physical activity moderates the association between parenting stress and quality of
life in working mothers during the COVID-19 pandemic. Ment. Health Phys. Act. 2020, 19, 100358. [CrossRef]

Lin, J.Y.; Guo, T.Y.; Becker, B.; Yu, Q.; Chen, S.T.; Brendon, S.; Hossain, M.M.; Cunha, P.M.; Soares, F.C.; Veronese, N.; et al.
Depression is associated with moderate-intensity physical activity among college students during the COVID-19 pandemic:
Differs by activity level, gender and gender role. Psychol. Res. Behav. Manag. 2020, 13, 1123-1134. [CrossRef] [PubMed]
Lopez-Bueno, R.; Calatayud, J.; Andersen, L.L.; Balsalobre-Fernandez, C.; Casana, J.; Casajus, J.A.; Smith, L.; Lopez-Sanchez,
G.F. Immediate impact of the COVID-19 confinement on physical activity levels in Spanish adults. Sustainability 2020, 12, 5708.
[CrossRef]

Lopez-Bueno, R; Calatayud, J.; Ezzatvar, Y.; Casajus, ].A.; Smith, L.; Andersen, L.L.; Lopez-Sanchez, G.F. Association between
current physical activity and current perceived anxiety and mood in the initial phase of COVID-19 confinement. Front. Psychiatry
2020, 11, 729. [CrossRef]

Luciano, F.; Cenacchi, V.; Vegro, V.; Pavei, G. COVID-19 lockdown: Physical activity, sedentary behaviour and sleep in Italian
medicine students. Eur. J. Sport Sci. 2020, 21, 1459-1468. [CrossRef]

Maher, ].P; Hevel, D.J.; Reifsteck, E.J.; Drollette, E.S. Physical activity is positively associated with college students’ positive affect
regardless of stressful life events during the COVID-19 pandemic. Psychol. Sport Exerc. 2021, 52, 101826. [CrossRef]

Martinez, E.Z.; Silva, EM.; Morigi, T.Z.; Zucoloto, M.L.; Silva, T.L.; Joaquim, A.G.; Dall’Agnol, G.; Galdino, G.; Martinez, M.O.Z,;
da Silva, W.R. Physical activity in periods of social distancing due to COVID-19: A cross-sectional survey. Ciencia Saude Coletiva
2020, 25, 4157-4168. [CrossRef]

Maugeri, G.; Castrogiovanni, P.; Battaglia, G.; Pippi, R.; D’Agata, V.; Palma, A.; Di Rosa, M.; Musumeci, G. The impact of physical
activity on psychological health during Covid-19 pandemic in Italy. Heliyon 2020, 6, €04315. [CrossRef] [PubMed]

McDowell, C.P; Herring, M.P; Lansing, J.; Brower, C.; Meyer, ].D. Working from home and job loss due to the COVID-19
pandemic are associated with greater time in sedentary behaviors. Front. Public Health 2020, 8, 597619. [CrossRef] [PubMed]
Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in physical activity and sedentary
behavior in response to COVID-19 and their associations with mental health in 3052 US adults. Int. ]. Environ. Res. Public Health
2020, 17, 6469. [CrossRef] [PubMed]

Munekawa, C.; Hosomi, Y.; Hashimoto, Y.; Okamura, T.; Takahashi, F.; Kawano, R.; Nakajima, H.; Osaka, T.; Okada, H.; Majima,
S.; et al. Effect of coronavirus disease 2019 pandemic on the lifestyle and glycemic control in patients with type 2 diabetes: A
cross-section and retrospective cohort study. Endocr. J. 2020, 68, 201-210. [CrossRef]

Nienhuis, C.P; Lesser, I.A. The impact of COVID-19 on women’s physical activity behavior and mental well-being. Int. J. Environ.
Res. Public Health 2020, 17, 9036. [CrossRef] [PubMed]

Oliva, ].L.; Johnston, K.L. Puppy love in the time of Corona: Dog ownership protects against loneliness for those living alone
during the COVID-19 lockdown. Int. |. Soc. Psychiatry 2021, 67, 232-242. [CrossRef] [PubMed]

Ozdemir, F; Cansel, N.; Kizilay, F.; Guldogan, E.; Ucuz, I; Sinanoglu, B.; Colak, C.; Cumurcu, H.B. The role of physical activity
on mental health and quality of life during COVID-19 outbreak: A cross-sectional study. Eur. J. Integr. Med. 2020, 40, 101248.
[CrossRef]

Pieh, C.; Budimir, S.; Probst, T. The effect of age, gender, income, work, and physical activity on mental health during coronavirus
disease (COVID-19) lockdown in Austria. J. Psychosom. Res. 2020, 136, 110186. [CrossRef] [PubMed]

Rahman, M.E; Islam, M.S.; Bishwas, M.S.; Moonajilin, S.; Gozal, D. Physical inactivity and sedentary behaviors in the Bangladeshi
population during the COVID-19 pandemic: An online cross-sectional survey. Heliyon 2020, 6, e05392. [CrossRef] [PubMed]
Reyes-Olavarria, D.; Latorre-Roman, P.A.; Guzméan-Guzman, L.P,; Jerez-Mayorga, D.; Caamafio-Navarrete, F.; Delgado-Floody,
P. Positive and negative changes in food habits, physical activity patterns, and weight status during COVID-19 confinement:
Associated factors in the Chilean population. Int. . Environ. Res. Public. Health 2020, 17, 5431. [CrossRef]

Rhodes, R.E.; Liu, S.; Lithopoulos, A.; Garcia-Barrera, M.A.; Zhang, C.Q.; Garcia-Barrera, M.A. Correlates of Perceived Physical
Activity Transitions during the COVID-19 Pandemic among Canadian Adults. Appl. Psychol. Health Well Being 2020, 12, 1157-1182.
[CrossRef]


http://doi.org/10.3389/fpsyg.2020.590172
http://doi.org/10.3390/bs10090133
http://doi.org/10.1016/j.jad.2020.07.135
http://www.ncbi.nlm.nih.gov/pubmed/32818775
http://doi.org/10.3390/ijerph17176268
http://www.ncbi.nlm.nih.gov/pubmed/32872179
http://doi.org/10.1016/j.jad.2020.07.126
http://www.ncbi.nlm.nih.gov/pubmed/32777604
http://doi.org/10.3390/ijerph17113899
http://www.ncbi.nlm.nih.gov/pubmed/32486380
http://doi.org/10.1016/j.mhpa.2020.100358
http://doi.org/10.2147/PRBM.S277435
http://www.ncbi.nlm.nih.gov/pubmed/33299364
http://doi.org/10.3390/su12145708
http://doi.org/10.3389/fpsyt.2020.00729
http://doi.org/10.1080/17461391.2020.1842910
http://doi.org/10.1016/j.psychsport.2020.101826
http://doi.org/10.1590/1413-812320202510.2.27242020
http://doi.org/10.1016/j.heliyon.2020.e04315
http://www.ncbi.nlm.nih.gov/pubmed/32613133
http://doi.org/10.3389/fpubh.2020.597619
http://www.ncbi.nlm.nih.gov/pubmed/33224922
http://doi.org/10.3390/ijerph17186469
http://www.ncbi.nlm.nih.gov/pubmed/32899495
http://doi.org/10.1507/endocrj.EJ20-0426
http://doi.org/10.3390/ijerph17239036
http://www.ncbi.nlm.nih.gov/pubmed/33291530
http://doi.org/10.1177/0020764020944195
http://www.ncbi.nlm.nih.gov/pubmed/32701015
http://doi.org/10.1016/j.eujim.2020.101248
http://doi.org/10.1016/j.jpsychores.2020.110186
http://www.ncbi.nlm.nih.gov/pubmed/32682159
http://doi.org/10.1016/j.heliyon.2020.e05392
http://www.ncbi.nlm.nih.gov/pubmed/33163666
http://doi.org/10.3390/ijerph17155431
http://doi.org/10.1111/aphw.12236

Int. J. Environ. Res. Public Health 2021, 18, 10910 18 of 19

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Richardson, D.L.; Duncan, M.].; Clarke, N.D.; Myers, T.D.; Tallis, J. The influence of COVID-19 measures in the United Kingdom
on physical activity levels, perceived physical function and mood in older adults: A survey-based observational study. . Sports
Sci. 2021, 39, 887-899. [CrossRef]

Robinson, E.; Boyland, E.; Chisholm, A.; Harrold, ].; Maloney, N.G.; Marty, L.; Mead, B.R.; Noonan, R.; Hardman, C.A. Obesity,
eating behavior and physical activity during COVID-19 lockdown: A study of UK adults. Appetite 2021, 156, 104853. [CrossRef]
Rogers, N.T.; Waterlow, N.R.; Brindle, H.; Enria, L.; Eggo, RM.; Lees, S.; Roberts, C.H. Behavioral change towards reduced
intensity physical activity is disproportionately prevalent among adults with serious health issues or self-perception of high risk
during the UK COVID-19 lockdown. Front. Public Health 2020, 8, 575091. [CrossRef]

Rogowska, A.M.; Pavlova, I.; Kusnierz, C.; Ochnik, D.; Bodnar, I; Petrytsa, P. Does physical activity matter for the mental health
of university students during the COVID-19 pandemic? J. Clin. Med. 2020, 9, 3494. [CrossRef] [PubMed]

Romero-Blanco, C.; Rodriguez-Almagro, J.; Onieva-Zafra, M.D.; Parra-Fernandez, M.L.; Prado-Laguna, M.D.C.; Hernandez-
Martinez, A. Physical activity and sedentary lifestyle in university students: Changes during confinement due to the COVID-19
pandemic. Int. ]. Environ. Res. Public Health 2020, 17, 6567. [CrossRef] [PubMed]

Rossinot, H.; Fantin, R.; Venne, ]. Behavioral changes during COVID-19 confinement in France: A web-based study. Int. J. Environ.
Res. Public Health 2020, 17, 8444. [CrossRef] [PubMed]

Silva, L.R.B.; Seguro, C.S.; de Oliveira, C.G.A.; Santos, P.O.S.; de Oliveira, ].C.M.; de Souza, L.EM.; de Paula, C.A.; Gentil, P;
Rebelo, A.C.S. Physical inactivity is associated with increased levels of anxiety, depression, and stress in Brazilians during the
COVID-19 pandemic: A cross-sectional study. Front. Psychiatry 2020, 11, 565291. [CrossRef]

Smith, L.; Jacob, L.; Butler, L.; Schuch, F,; Barnett, Y.; Grabovac, I.; Veronese, N.; Caperchione, C.; Lopez-Sanchez, G.F,; Meyer, J.;
et al. Prevalence and correlates of physical activity in a sample of UK adults observing social distancing during the COVID-19
pandemic. BM] Open Sport Exerc. Med. 2020, 6, e000850. [CrossRef]

Spence, ].C.; Rhodes, R.E.; McCurdy, A.; Mangan, A.; Hopkins, D.; Mummery, W.K. Determinants of physical activity among
adults in the United Kingdom during the COVID-19 pandemic: The DUK-COVID study. Br. ]. Health Psychol. 2021, 26, 588—605.
[CrossRef]

Stephan, Y.; Terracciano, A.; Luchetti, M.; Aschwen, D.; Lee, ]. H.; Sesker, A.A.; Strickhouser, ].E.; Sutin, A.R. Physical activity and
sedentary behavior during COVID-19: Trajectory and moderation by personality. Soc. Psychol. Personal Sci. 2020, 12, 1103-1109.
[CrossRef]

Suzuki, Y.; Maeda, N.; Hirado, D.; Shirakawa, T.; Urabe, Y. Physical activity changes and its risk factors among community-
dwelling Japanese older adults during the COVID-19 epidemic: Associations with subjective well-being and health-related
quality of life. Int. . Environ. Res. Public Health 2020, 17, 6591. [CrossRef]

Weaver, R.H.; Jackson, A.; Lanigan, J.; Power, T.G.; Anderson, A.; Cox, A.E.; Eddy, L.; Parker, L.; Sano, Y.; Weybright, E. Health
behaviors at the onset of the COVID-19 pandemic. Am. J. Health Beha 2021, 45, 44-61. [CrossRef]

Werneck, A.O.; Silva, D.R.; Malta, D.C.; Lima, M.G.; Souza-Junior, PR.B.; Azevedo, L.O.; Barros, M.B.A.; Szwarcwald, C.L. The
mediation role of sleep quality in the association between the incidence of unhealthy movement behaviors during the COVID-19
quarantine and mental health. Sleep Med. 2020, 76, 10-15. [CrossRef]

Yang, Y.; Koenigstorfer, J. Determinants of physical activity maintenance during the Covid-19 pandemic: A focus on fitness apps.
Transl. Behav. Med. 2020, 10, 835-842. [CrossRef]

Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BM] Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

World Health Organization. Motion for your mind: Physical Activity for Mental Health Promotion, Protection and Care. Available
online: https://www.euro.who.int/__data/assets/pdf_file/0018 /403182 /WHO-Motion-for-your-mind-ENG.pdf (accessed
on 10 April 2021).

Caputo, E.L.; Reichert, EF. Studies of physical activity and COVID-19 during the pandemic: A scoping review. J. Phys. Act. Health
2020, 17, 1275-1284. [CrossRef] [PubMed]

Bauman, A.E.; Reis, R.S; Sallis, ].E; Wells, ].C.; Loos, R.J.; Martin, B.W. Correlates of physical activity: Why are some people
physically active and others not? Lancet 2012, 380, 258-271. [CrossRef]

O’Donoghue, G.; Perchoux, C.; Mensah, K.; Lakerveld, J.; van der Ploeg, H.; Bernaards, C.; Chastin, S.E; Simon, C.; O’Gorman, D.;
Nazare, ].A. A systematic review of correlates of sedentary behaviour in adults aged 18-65 years: A socio-ecological approach.
BMC Public Health 2016, 16, 163. [CrossRef] [PubMed]

O’Connell, S.E; Griffiths, PL.; Clemes, S.A. Seasonal variation in physical activity, sedentary behaviour and sleep in a sample of
UK adults. Ann. Hum. Biol. 2014, 41, 1-8. [CrossRef] [PubMed]

Ross, R.; Chaput, J.P.; Giangregorio, L.M.; Janssen, I.; Saunders, T.J.; Kho, M.E.; Poitras, V.J.; Tomasone, J.R.; El-Kotob, R.;
McLaughlin, E.C.; et al. Canadian 24-Hour Movement Guidelines for Adults aged 18-64 years and Adults aged 65 years or older:
An integration of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2020, 45 (Suppl. 2), S57-5102.
[CrossRef]

Boulton, E.R.; Horne, M.; Todd, C. Multiple influences on participating in physical activity in older age: Developing a social
ecological approach. Health Expect. 2018, 21, 239-249. [CrossRef] [PubMed]


http://doi.org/10.1080/02640414.2020.1850984
http://doi.org/10.1016/j.appet.2020.104853
http://doi.org/10.3389/fpubh.2020.575091
http://doi.org/10.3390/jcm9113494
http://www.ncbi.nlm.nih.gov/pubmed/33138047
http://doi.org/10.3390/ijerph17186567
http://www.ncbi.nlm.nih.gov/pubmed/32916972
http://doi.org/10.3390/ijerph17228444
http://www.ncbi.nlm.nih.gov/pubmed/33202686
http://doi.org/10.3389/fpsyt.2020.565291
http://doi.org/10.1136/bmjsem-2020-000850
http://doi.org/10.1111/bjhp.12497
http://doi.org/10.1177/1948550620962945
http://doi.org/10.3390/ijerph17186591
http://doi.org/10.5993/AJHB.45.1.4
http://doi.org/10.1016/j.sleep.2020.09.021
http://doi.org/10.1093/tbm/ibaa086
http://doi.org/10.1136/bmjsem-2020-000960
https://www.euro.who.int/__data/assets/pdf_file/0018/403182/WHO-Motion-for-your-mind-ENG.pdf
http://doi.org/10.1123/jpah.2020-0406
http://www.ncbi.nlm.nih.gov/pubmed/33152693
http://doi.org/10.1016/S0140-6736(12)60735-1
http://doi.org/10.1186/s12889-016-2841-3
http://www.ncbi.nlm.nih.gov/pubmed/26887323
http://doi.org/10.3109/03014460.2013.827737
http://www.ncbi.nlm.nih.gov/pubmed/23992280
http://doi.org/10.1139/apnm-2020-0467
http://doi.org/10.1111/hex.12608
http://www.ncbi.nlm.nih.gov/pubmed/28768065

Int. J. Environ. Res. Public Health 2021, 18, 10910 19 of 19

90.

91.

92.
93.

Devereux-Fitzgerald, A.; Powell, R.; Dewhurst, A.; French, D.P. The acceptability of physical activity interventions to older adults:
A systematic review and meta-synthesis. Soc. Sci. Med. 2016, 158, 14-23. [CrossRef] [PubMed]

French, D.P; Olander, E.K.; Chisholm, A.; Mc Sharry, J. Which behaviour change techniques are most effective at increasing
older adults’ self-efficacy and physical activity behaviour? A systematic review. Ann. Behav. Med. 2014, 48, 225-234. [CrossRef]
[PubMed]

Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. CMA] 2006, 174, 801-809. [CrossRef]
Prince, S.A.; Cardilli, L.; Reed, ].L.; Saunders, T.J.; Kite, C.; Douillette, K.; Fournier, K.; Buckley, ].P. A comparison of self-reported
and device measured sedentary behaviour in adults: A systematic review and meta-analysis. Int. |. Behav. Nutr. Phys. Act 2020,
17, 31. [CrossRef]


http://doi.org/10.1016/j.socscimed.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/27104307
http://doi.org/10.1007/s12160-014-9593-z
http://www.ncbi.nlm.nih.gov/pubmed/24648017
http://doi.org/10.1503/cmaj.051351
http://doi.org/10.1186/s12966-020-00938-3

	Introduction 
	Materials and Methods 
	Literature Review Methodology 
	Quality Assessment 
	Data Analysis and Model Development 

	Results 
	Individual—Biological Factors 
	Age and Sex 
	General Health 

	Individual—Psychological Factors 
	Mental Health 
	Personality Traits 
	Motivation 
	Cognition 
	Behaviour 

	Social Level Factors 
	Sociodemographics 
	Support 
	Domestic Situation 
	Lifestyle Choices 

	Environmental Factors 
	Area of Residence 
	Resources 

	COVID-19-Related Rules 

	Discussion 
	Recommendations for Policy: Mapping to the COM-B 
	Strengths and Limitations 

	Conclusions 
	References

