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ARTICLE INFO ABSTRACT

Keywords: A nationwide survey was conducted during the first UK lockdown to further understanding of the degree to
Behavioural regulations which motives for exercise were associated with physical activity (PA) behaviours and, in turn, how PA be-
Coronavirus haviours were associated with mental health. A cross-sectional design was employed and data were collected by
E::;tc;ewellbeing use of a one-off online survey (N = 392; 18-85 years; Mgy = 25.48; SDpy; = 5.05; 314 women). Exercise
Pandemic motives, PA, and mental health were measured by use of the Behavioural Regulations in Exercise Questionnaire-

3, Brunel Lifestyle Physical Activity Questionnaire, and General Health Questionnaire-12, respectively. Partici-
pants were also asked to specify their average step count per day, if they used a mobile device for this purpose (n
= 190). Analyses comprised hierarchical regressions and partial correlations. Results indicated that behavioural
regulations were more strongly associated with planned PA pre-lockdown, compared to during lockdown. There
were no differences observed in explained variance between pre- and during lockdown for unplanned PA and
steps per day. Planned and unplanned PA were significant explanatory variables for mental health both pre- and
during lockdown, but sedentary behaviour was not. Partial correlations, with BMI and age partialled out, showed
that steps per day were not correlated with mental health either pre- or during lockdown. The range of variables
used to explain planned and unplanned PA and mental health suggest that people’s motives to exercise were
tempered by lockdown. For those who routinely measured their steps per day, the step count was unrelated to
their mental health scores both pre- and during lockdown. It appears that engagement in regular PA confers some
minor benefits for mental health.

1. Introduction

COVID-19 is a highly contagious disease related to the spread of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
outbreak of the disease was declared a Public Health Emergency on
January 30, 2020, and subsequently categorised as a pandemic on
March 11, 2020 (World Health Organization, 2020c). At the time of
writing, there have been ~4.5 M lab-confirmed cases of COVID-19 and
~150,000 deaths in the UK (with COVID-19 on the death certificate).
The UK Government enforced its inaugural state of lockdown on March
23, 2020 in order to reduce the spread of COVID-19, and to ensure that
the National Health Service (NHS) was able to cope with the demands
placed upon it.

The days that followed saw the closure of schools, restaurants, public
houses, and exercise facilities. Residents were instructed to leave their

homes for very limited purposes, such as shopping for food or seeking
medical attention (UK Government, 2020). Stringent guidelines were
introduced for high-risk segments of the UK population (i.e., the clini-
cally vulnerable), which entailed “shielding” at home and avoiding
face-to-face contact for a period of 12 weeks (Extance, 2020). In
December 2020, a de facto lockdown (Tier 4 restrictions) was imposed
in Wales as well as many other parts of the UK, albeit the present study is
focused on the initial UK national lockdown in March to May 2020.

1.1. Lockdowns and physical activity

Exercise psychologists anticipated that the additional time spent in
home isolation would be associated with a sharp decline in physical
activity (PA; Chen et al., 2020; Hall et al., 2020; Jakobsson et al., 2020).
This is particularly worrisome given that physical inactivity is a leading
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risk factor for non-communicable diseases and chronic conditions
(Cunningham et al., 2020; Kohl et al., 2012). The financial implications
of prolonged physical inactivity in the UK are substantial, estimated to
cost the NHS £0.9 billion each year (Public Health England, 2019).
According to Sallis et al. (2020, p. 328): “There is ample evidence to
justify making PA promotion a global public health priority during the
coronavirus pandemic.”

Early findings from other European countries pertaining to PA under
lockdown appear to be inconclusive. For example, increased PA levels
have been observed during lockdowns in Belgium and Italy (Constandt
et al., 2020; Di Renzo et al., 2020). Increased levels of moderate PA were
reported without corresponding increases in vigorous levels of PA in
France and Switzerland (Cheval et al., 2020). Contrastingly, declines in
PA were reported across all intensities (i.e., low, moderate, and
vigorous) in a transcontinental study (Ammar et al., 2020).

Mixed findings have also been observed in the UK. For example,
Robinson et al. (2021) found that 40% of adults reported a decrease in
PA during lockdown, but 45% reported an increase. The researchers
detailed that higher body mass index (BMI) was associated with lower
engagement in PA during lockdown. Similarly, Spence et al. (2020)
found that 57% of their sample either maintained or increased PA during
the UK lockdown. Nonetheless, the percentage of adults who met the
recommended quantity of PA per week was low (i.e., 31%). When
examining such findings, it is helpful to consider the determinants of
behaviour as indicated in relevant theories.

A theory that has been widely drawn upon in the investigation and
measurement of PA is the Theory of Planned Behaviour (TPB; Fishbein &
Ajzen, 2010). This holds that intention is the immediate antecedent of
behaviour. Intention can be predicted from attitude, normative beliefs,
and perceptions of behavioural control. Although researchers have
assessed planned forms of PA (e.g., structured exercise) during the
pandemic (e.g., Kaushal et al., 2020; Rhodes et al., 2020; Smith et al.,
2020), in comparative terms, there is a dearth of research oriented to-
wards unplanned PA. This is noteworthy given that PA encompasses any
bodily movement produced by skeletal muscles that requires energy
expenditure, including activities undertaken while working, playing,
and carrying out household chores (World Health Organization, 2020b).
Previous work is also largely predicated on self-report measures, which
are subject to recall bias (van Berkel et al., 2019).

Accordingly, there is ample scope to investigate both planned and
unplanned dimensions of PA, alongside objective measures that
combine the two (e.g., daily step counts). Examining the possible
explanatory variables for PA under conditions of lockdown would
facilitate the formulation of targeted interventions (Sallis et al., 2020).
Notably, objective measures that entail the self-monitoring of PA levels
using electronic devices hold some propensity to introduce bias (Tison
et al., 2020). This is because those who routinely measure their PA (e.g.,
using a smartwatch) are more likely to persist with it regardless of
environmental conditions (Kirwan et al., 2012).

1.2. Explanatory variables for physical activity

A large number of researchers have used Self-Determination Theory
(SDT) as a guiding framework to examine motivation for PA (Edmunds
et al., 2006; Hancox et al., 2018). A central tenet of SDT is that there are
varying forms of motivation that pertain to the ways in which a
behaviour can be regulated (Markland & Tobin, 2004). Deci and Ryan
(1985) proposed a taxonomy of regulatory styles that was predicated on
the extent to which individuals internalise specific behaviours, ranging
from completely non-self-determined to completely self-determined
regulations. Specifically, six forms of regulation were identified within
the taxonomy: amotivation, external, introjected, identified, integrated,
and intrinsic.

Amotivation concerns an absence of motivation or lack of intention to
engage in a specific behaviour. External regulation occurs when behav-
iours are performed to obtain external rewards or the approval of others.
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Introjected regulation is when behaviours are performed as a consequence
of self-imposed pressures (e.g., avoiding guilt, maintaining self-esteem).
Identified regulation involves acceptance of a behaviour as being signif-
icant to achieve personally valued outcomes. Integrated regulation con-
cerns engaging in a behaviour because it represents an individual’s sense
of self. Intrinsic regulation involves taking part in an activity for reasons
of inherent enjoyment and interest (Ryan & Deci, 2017).

Autonomous forms of motivation (i.e., intrinsic motivation and
identified regulation) have been shown to be positive predictors of PA
behaviour pre- and during lockdown (Chirico et al., 2020; Standage
etal., 2008). However, a limitation of the Chirico et al. (2020) study that
was conducted during lockdown, was the application of the somewhat
controversial Relative Autonomy Index, which has been subject to
theoretical and statistical criticism (see e.g., Chemolli & Gagné, 2014).
The degree to which the six forms of behavioural regulation explained
planned and unplanned dimensions of PA pre- and during the initial UK
COVID-19 lockdown is presently unknown. This is one of the key foci of
the present study, which combines SDT with TPB — the former providing
explanatory variables and the latter providing outcome variables.

1.3. Lockdowns and mental health

Lockdowns have the potential to profoundly influence people’s
mental health (World Health Organization, 2020a), which is of partic-
ular concern in light of the proliferation of mental health issues evident
in European nations (Gutiérrez-Colosia et al., 2019). Holmes et al.
(2020) theorised that a significant consequence of COVID-19 lockdowns
is increased social isolation and loneliness, both of which are strongly
associated with a range of mental health issues (e.g., anxiety, depres-
sion, and self-harm).

Early findings indicate that individuals subjected to lockdown have
reported PTSD-like symptoms as well as moderate-to-severe stress
(8.1%), anxiety (28.8%), and depression (16.5%; Wang et al., 2020).
Similarly, Pearce et al. (2020) found an increase in mental distress using
a British sample aged > 16 years, when compared to the previous year.
Nonetheless, an immediate research priority is to increase knowledge of
the antecedents of mental health issues during lockdown, as a means by
which to inform future interventions (Holmes et al., 2020).

1.4. Explanatory variables for mental health

A vast corpus of research supports the notion that PA is positively
associated with mental health. For example, Farren et al. (2018) con-
ducted a three-step hierarchical regression analysis and reported that
moderate and vigorous-intensity PA explained depression beyond sex
and fitness attributes. As a counterpoint to theories of PA, researchers
have exhibited a growing interest in sedentary behaviour over the last
decade (Biddle, 2018). A number of conceptual frameworks have been
put forth (e.g., Behavioural Epidemiology Framework; Biddle, 2015;
Sallis et al., 2000) and arguably the most salient in the present context is
the Ecological Model of Health Behaviour (Hadgraft et al., 2018). This
places particular emphasis on policy and regulatory environments,
which pertain directly to circumstances such as national lockdowns.

Sedentary behaviour (e.g., sitting and screen time; Gardner et al.,
2016) has been associated with several mental health outcomes (e.g.,
anxiety, depression; Hallgren et al., 2020; Hamer & Stamatakis, 2014).
Using a sample of UK adults, Hamer et al. (2014) found that
self-reported and objective assessments of sedentary behaviour were
associated with psychological distress. Lockdown-related findings indi-
cate that sedentary behaviour has increased during the pandemic
(Constandt et al., 2020; Pietrobelli et al., 2020; Stockwell et al., 2021).
Ammar et al. (2020) reported that daily sitting time increased from 5 h
to 8 h internationally. Intentions to engage in screen time rose following
COVID-19 lockdowns, as evidenced by Google searches for “television
show” (Ding et al., 2020). Nonetheless, the extent to which sedentary
behaviour is associated with mental health during COVID-19 lockdowns
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remains largely unknown.

1.5. Aims and hypotheses

The promotion of PA and mental health during periods of COVID-19
lockdown is a public health priority (Holmes et al., 2020; Sallis et al.,
2020). Accordingly, a more thorough understanding of the antecedents
of PA and mental health is desirable. Such understanding will facilitate
health practitioners in developing interventions targeted towards the
enhancement of PA behaviours and mental health during subsequent
periods of lockdown. The aim of this study was to examine the extent to
which exercise motives explained planned and unplanned dimensions of
PA pre- and during lockdown. Moreover, we sought to investigate the
degree to which planned and unplanned PA and sedentary behaviour
explained mental health in the same timeframe. It is plausible that de-
mographic and anthropometric variables (e.g., age, sex, and BMI) might
function as potential confounds in the relationships among exercise
motives, PA, sedentary behaviour, and mental health (Cheval et al.,
2020; Pierce et al., 2020). Accordingly, we sought to account for such
potential confounds through initial exploration and, where relevant,
their inclusion in hierarchical multiple regression analyses or partial
correlations (see Fig. 1).

We hypothesised that greater variance would be explained in plan-
ned PA by exercise motives pre-, when compared to during lockdown,
but the variance explained in unplanned PA would remain unchanged
(H1). This was because opportunities to engage in planned PA were
hampered by the closure of exercise facilities during lockdown.
Conversely, opportunities to engage in unplanned PA were relatively
unaffected. We hypothesised that the percentage of variance explained
in steps per day by exercise motives would remain stable from pre- to
during-lockdown (H,), given that UK residents could leave their homes
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once daily for exercise during the first lockdown. We hypothesised that
planned and unplanned PA would explain a greater proportion of vari-
ance in mental health during, as opposed to pre-lockdown (Hs). This was
because PA had a greater propensity to enhance people’s mental health
at a time when they were confined to their homes (Jacob et al., 2020).
Using the same premise as for Hs, we predicted that there would be a
small but significant correlation between steps per day and mental
health during lockdown (Hjy). Finally, we hypothesised that sedentary
behaviour would be more strongly associated with mental health during,
when compared with pre-lockdown (Hs), given the negative psycho-
logical consequences of confinement (Holmes et al., 2020).

2. Method
2.1. Participants

This study was approved by the University of Exeter Business School
Research Ethics Committee and participants provided written informed
consent. Recruitment was conducted through word-of-mouth and
facilitated by social media posts. Participants met three inclusion
criteria: (a) able to respond to questions presented in English; (b) aged >
18 years; and (c) currently residing in the UK. A total of 392 UK adults
(18-85 years; Mgy = 25.48; SDgy; = 5.05; 314 women) completed the
survey (summary demographic details are provided in Table 1 and the
full complement can be found in Supplementary Table 1).

2.2. Measures

Initially, a range of demographic data was requested within the
survey (e.g., age, ethnicity, education; see Table 1 and Supplementary
Table 1).

(a) (b) (c)
Step 1 Step 1 Step 1
Potential PA Potential Mental Potential Mental
Confound Confound Health Confound Health
Step 2
Potential Step 2 Step 2
Confound Potential Potential
Intrinsic Confound Mental Confound Mental
Reg. Plarmad Health Siting Health
Integrated PA Time
Reg.
Identified
PA
Reg. Step 3 Step 3
Introjected Potential Potential
Reg. Confound Confound
External Planned Mental Sitting Mental
Reg. PA Health Time Health
o Unplanned Screen
Amotivation PA Time
(d)
Potential
Confound
Steps Mental
Per Day Health

Fig. 1. Associations Between (a) Exercise Motives and Physical Activity, (b) Planned/Unplanned Physical Activity and Mental Health, (c) Sedentary Behaviour and

Mental Health, and (d) Steps Per Day and Mental Health

Note. PA was broken down into planned/unplanned dimensions, as well as daily step counts. All associations were examined pre- and during the initial UK lockdown.

PA = physical activity; Reg. = regulation.
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Table 1
Demographic characteristics and anthropometric data for the present sample.

Psychology of Sport & Exercise 55 (2021) 101945

Total Sample (N =

Age 18-30 years (n

Age 31-50 years (n =  Age 51-70 years (n =  Age > 70 years (n =

392; 100%) = 56; 14.3%) 130; 33.2%) 149; 38.0%) 57; 14.5%)
Variable M SD M SD M SD M SD M SD
Height (m) 1.67 0.09 1.70 0.09 1.69 0.09 1.66 0.09 1.62 0.10
Weight (kg) 70.86  14.00 69.93  13.38 71.80 13.67 69.95 14.01 72.00 15.38
Body mass index (BMI) 25.48 5.05 24.21 3.99 25.16 4.32 25.50 5.41 27.39 6.05
n % n % n % n % n %
Sex
Female 314 80.3 42 75.0 95 73.1 128 85.9 49 87.5
Male 77 19.7 14 25.0 35 26.9 21 14.1 7 12.5
Setting
Rural 128 32.7 12 21.4 37 28.5 59 39.6 20 35.1
Urban 264 67.3 44 78.6 93 71.5 90 60.4 37 64.9
Ethnicity
White 358 91.8 45 80.4 116 89.9 142 95.9 55 96.5
BAME 32 8.2 11 19.6 13 10.1 6 4.1 2 3.5
Education
No academic qualifications 2 0.5 - - - - 1 0.7 1 1.8
GCSE/O-Level 42 10.9 1 1.8 1 0.8 22 15.1 18 32.7
National vocational qualification 8 2.1 - 2 1.6 5 3.4 1 1.8
Business and technology education council diploma 9 2.3 1 1.8 2 1.6 4 2.7 2 3.6
A-Level 40 10.4 7 12.7 6 4.7 21 14.4 6 10.9
Undergraduate degree 139 36.1 26 47.3 42 32.6 54 37.0 17 30.9
Postgraduate degree 106 27.5 16 29.1 51 39.5 32 21.9 7 12.7
Doctoral degree 39 10.1 4 7.3 25 19.4 7 4.8 3 5.5
Socio-economic status
Large employers, higher managerial, professional 90 23.9 5 9.1 43 34.4 31 21.7 11 20.4
Lower managerial, administrative, professional 173 45.9 27 49.1 53 42.4 65 45.5 28 51.9
Intermediate occupations 65 17.2 10 18.2 14 11.2 29 20.3 12 22.2
Small employers, own-account workers 26 6.9 1 1.8 10 8.0 13 9.1 2 3.7
Lower supervisory, technical occupations 3 0.8 1 1.8 2 1.6 - - - -
Semi-routine occupations 12 3.2 5 9.1 2 1.6 4 2.8 1 1.9
Routine occupations 3 0.8 1 1.8 1 0.8 1 0.7 - -
Never worked, long-term unemployed 5 1.3 5 9.1 - - - - - -

Note. BAME = Black, Asian, and minority ethnic. In the interests of brevity, participants who responded with “prefer not to say” to any of the items included in this table

have been excluded.

2.3. Exercise motives

Exercise-related motivation was assessed using the Behavioural
Regulations in Exercise Questionnaire-3 (BREQ-3; Markland & Tobin,
2004; Wilson et al., 2007), which is comprised of 24 items attached to a
5-point Likert scale anchored by 0 (Not true for me) and 4 (Very true for
me). Four items (e.g., “It’s important to me to exercise regularly” [item
1]) tap each of the six forms of behavioural regulation identified in SDT
(Deci & Ryan, 1985). We adopted a multidimensional approach to
scoring and thus calculated the mean score for each subscale (i.e., six
scores in the range 0-4). A unidimensional index of the degree of
self-determination (i.e., the Relative Autonomy Index) was not calcu-
lated due to a range of theoretical and statistical concerns (see Chemolli
& Gagné, 2014). The BREQ-3 has demonstrated both construct validity
and internal consistency (Rodrigues et al., 2020).

2.4. Physical activity

PA was assessed using the Brunel Lifestyle Physical Activity Ques-
tionnaire (BLPAQ; Karageorghis, Vencato, Chatzisarantis, & Carron,
2005), which is comprised of nine items attached to 5-point
continuous-closed numerical scales (e.g., 1 = Not at all, 5 = Highly).
Items 1-6 measure planned PA (e.g., “In general, what is the duration of
each session of pre-planned physical activity that you engage in?” [item
3]) and items 7-9 measure unplanned PA (e.g., “In general, how phys-
ically demanding are your job or your day-to-day activities?” [item 9]).
Factor scores for planned and unplanned PA are derived by adding
scores from items 1-6 (planned) and 7-9 (unplanned), then dividing
them by six and three, respectively. Factor scores ranged from 1 to 5,
with higher scores indicating higher PA engagement. The BLPAQ is a
criterion- and cross-validated measure of PA that exhibits high

test-retest reliability (Vencato, Karageorghis, Nevill, et al., 2017; Ven-
cato, Karageorghis, Priest, et al., 2017). Participants were also asked to
specify their average step count per day, but only if they used a mobile
device (e.g., a smartwatch) for this purpose (n = 190; 18-85 years; Mg
= 25.06; SDgy; = 4.90; 148 women).

2.5. Mental health

The General Health Questionnaire-12 (GHQ-12; Goldberg & Wil-
liams, 1988) was used to measure mental health. This inventory con-
tains 12 items attached to 4-point Likert scales (e.g., O = Better than
usual, 3 = Much less than usual). The items pertain to a variety of psy-
chological constructs that include anxiety, depression, and social
dysfunction (e.g., “Have you recently been feeling unhappy and
depressed?” [item 9]). A mental health score is derived through adding
the item scores. Hence, values range from O to 36, with higher scores
indicating poor mental health. The GHQ-12 has demonstrated both
convergent validity and internal consistency (Hardy et al., 1999).

2.6. Sedentary behaviour

Each participant was asked to provide daily estimates in hours for
sitting time and time spent viewing a screen (e.g., computer or
television).

2.7. Procedure

A cross-sectional study design was employed and a survey adminis-
tered via web-based software (Qualtrics; Provo, UT, USA). After
recording demographic data, we assessed exercise-related behavioural
regulations (i.e., amotivation, external, introjected, identified,
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integrated, and intrinsic). Thereafter, we measured PA levels, mental
health, and sedentary behaviour pre- and during the UK lockdown. A
retrospective frame was adopted for pre-lockdown measures through
attaching batches of items to relevant anchors (e.g., “Before the COV-
ID-19 lockdown ...”). The one-off survey was launched on April 30,
2020 and closed on May 31, 2020 (i.e., during a period of strict lock-
down). It took ~20 min to complete and volunteers were not offered any
incentive for their participation.

2.8. Data analysis

The Statistical Package for the Social Sciences (SPSS) v26.0.0.1
(Armonk, NY, USA) was used to conduct the analyses described herein.
Data were screened for univariate outliers using standardised scores (z
> =+ 3.29). We considered the potential confounds of age, sex, and BMI
in the relationship between our explanatory and dependent variables.
Accordingly, we explored the relationship between the potential con-
founds and the dependent variables by means of Pearson product-
moment correlations (age and BMI) and independent-samples t tests
(sex). Thereafter, multivariate outliers were screened for using the
Mahalanobis distance test (p < .001; Tabachnick & Fidell, 2019).

The assumptions that underlie hierarchical multiple regression
analysis were examined (e.g., absence of outliers, normality, multi-
collinearity), as were the assumptions that underlie partial correlation
(e.g., linearity; see Weir & Vincent, 2020). Six hierarchical multiple
regression analyses were used to explain PA (i.e., planned, unplanned,
and number of steps per day) pre- and during lockdown from BREQ-3
factor scores, while controlling for the potential confound of BMI.
Accordingly, BMI was entered at Step 1, followed by the BREQ-3 factors
at Step 2. Two hierarchical multiple regressions were computed to
explain mental health pre- and during lockdown from PA, while con-
trolling for the potential confound of age. Hence, age was entered at Step
1, planned PA was entered at Step 2 and unplanned PA at Step 3, in
accord with TPB (Fishbein & Ajzen, 2010).

Two partial correlations (one-tailed) facilitated an exploration of the
relationship between steps per day and mental health pre- and during
lockdown, while controlling for the potential confound of BMI and age
(Avila et al., 2015; Hemmingsson & Ekelund, 2007). Two hierarchical
multiple regressions were used to examine the degree to which seden-
tary behaviour explained mental health pre- and during lockdown,
while controlling for age. Therefore, age was entered at Step 1, sitting
time was entered at Step 2 and screen time at Step 3. This was because
sitting time has been described as a ubiquitous health threat (Stamatakis
et al., 2019). Comparatively, there were greater opportunities to engage
in screen time without being sedentary, such as participating in online
PA classes, which grew in popularity during the pandemic (Parker et al.,
2021).

Bonferroni adjustments were not made in respect of each indepen-
dent variable in each hierarchical regression model due to the increased
probability of the emergence of a Type II error (Rothman, 1990).
Moreover, we used an ANOVA as an omnibus assessment of the signif-
icance of each regression model to prevent inflation of family-wise error
(i.e., significant independent variables in the model were rendered moot
by nonsignificant ANOVAs). To compare explanatory variables from
pre- to during lockdown in all regression analyses, we standardised
variables by computing z-scores (i.e., with M = 0, SD = 1). Thereafter,
we calculated standardised regression coefficients and their associated
95% confidence intervals (Bring, 1996). Ropeladder plots were
employed to facilitate pre- vs. during visual inspection of differences
(Jann, 2014).

3. Results
3.1. Data screening and diagnostic tests

Checks for univariate outliers revealed 207 cases that were modified
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to be one unit larger or smaller than the next most extreme score in the
distribution, until the corresponding z-scores were within the range
—3.29-3.29 (Tabachnick & Fidell, 2019). Checks for multivariate out-
liers revealed 18 cases that were duly screened out of the analysis with
which they corresponded. Normality was assessed by inspecting the
normal probability plots (P-P) of standardised residuals. The normality
violations were sufficiently minor so as not to warrant data trans-
formation (Tabachnick & Fidell, 2019). Multicollinearity was assessed
through examination of correlation matrices, as well as variance infla-
tion factor (VIF) and tolerance scores. Correlations among explanatory
variables were not sufficiently strong to warrant any exclusions (rs <
0.90; Tabachnick & Fidell, 2019). Furthermore, VIF and tolerance
values indicated an absence of multicollinearity (VIF < 5 and tolerance
> 0.2; Hair et al., 2010). Each multiple regression equation is presented
in Supplementary Table 2.

3.2. Exploratory analyses

Exploratory analyses were conducted to identify potential confounds
in the relationships among explanatory and dependent variables. These
indicated that BMI should be used in the analyses pertaining to all PA
variables (inc. steps per day) and that age should be used in the analyses
pertaining to mental health (see Supplementary Table 3 and Supple-
mentary Table 4).

3.3. Exercise motives as explanatory variables for planned and unplanned
PA

BMI was entered at Step 1 and explained 4.2% of the variance in
planned PA pre-lockdown. Following entry of the BREQ-3 factors at Step
2, the total variance explained by the model was 41.5%, F(7, 374) =
37.90, p < .001. Identified regulation was the strongest explanatory
variable (p = 0.41, p < .001, 95% CI [0.24, 0.57]), followed by inte-
grated regulation (p = 0.16, p = .027, 95% CI [0.02, 0.30]; see Fig. 2a).
During lockdown, BMI accounted for 4.7% of the variance in planned
PA. Following entry of the BREQ-3 factors at Step 2, the total variance
explained by the model was 24.2%, F(7, 374) = 17.05, p < .001 (see
Supplementary Table 5). Integrated regulation was the strongest
explanatory variable for planned PA (f = 0.28, p = .001, 95% CI [0.11,
0.43]), followed by external regulation (3 = —0.10, p = .045, 95% CI
[—0.20, 0.00]; see Fig. 2a), which was negatively associated with
planned PA. Ninety-five percent Cls indicated that a difference emerged
from pre- to during lockdown in identified regulation (see Fig. 2a).

BMI was entered at Step 1 and explained 1.4% of the variance in
unplanned PA pre-lockdown. Following entry of the BREQ-3 factors at
Step 2, the total variance explained by the model was 9.5%, F(7, 374) =
5.58,p < .001, and integrated regulation emerged as the only significant
explanatory variable (B = 0.28, p = .002, 95% CI [0.11, 0.46]; see
Fig. 2b). During lockdown, BMI accounted for 1.2% of the variance in
unplanned PA. Following entry of the BREQ-3 factors at Step 2, the total
variance explained by the model was 8.2%, F(7, 374) = 4.78, p < .001.
Neither BMI nor any of the BREQ factors made a statistically significant
contribution towards explanation of unplanned PA during lockdown (ps
> .05; see Supplementary Table 5). Moreover, no differences emerged
from pre- to during lockdown, as depicted by 95% ClIs (see Fig. 2b).

3.4. Exercise motives as explanatory variables for steps per day

BMI was entered at Step 1 and explained 0.6% of the variance in
steps pre-lockdown. Following entry of the BREQ-3 factors at Step 2, the
total variance explained by the model was 9.2%, F(7, 177) = 2.57,p =
.015. Intrinsic regulation (f = 0.30, p = .030, 95% CI [0.03, 0.59]) and
introjected regulation (f = 0.18, p =.034, 95% CI [0.01, 0.34]) were the
only statistically significant explanatory variables for steps pre-
lockdown (see Fig. 2c¢). During lockdown, BMI explained 3.4% of the
variance in steps. Following entry of the BREQ-3 factors at Step 2, the
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total variance explained by the model was 20.0%, F(7, 175) = 6.25,p <
.001. Neither BMI nor any of the BREQ factors made a statistically sig-
nificant contribution towards explanation of steps per day during lock-
down (ps > .05; see Supplementary Table 5 and Fig. 2c).
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Fig. 2. Standardised p Coefficients from Hierarchi-
cal Multiple Regression, Pre- and During Lockdown
for the Explanation of (a) Planned Physical Activity,
(b) Unplanned Physical Activity, and (c) Steps Per
Day, Using Behavioural Regulations as Explanatory
Variables

Note. Standardised p coefficients for body mass index
are not plotted, as they were entered into each hi-
erarchical multiple regression as a potential
confound. Error bars represent 95% CIs. Reg. =
regulation.

3.5. Planned and unplanned PA as explanatory variables for mental

health

Age was entered at Step 1 and explained 2.3% of the variance in
mental health pre-lockdown (see Supplementary Table 6). Planned PA
was entered at Step 2 and the model accounted for 3.4% of the variance
in mental health scores pre-lockdown. Upon entry of the unplanned PA
scores at Step 3, the total variance explained by the model as a whole
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was 4.7%, F(3, 388) = 6.36, p < .001 (see Fig. 3a). Age ( = —0.18,p =
.001, 95% CI [—0.27, —0.08]), planned PA (f = —0.13, p =.010, 95% CI
[—0.23, —0.03]), and unplanned PA (f = 0.12, p = .022, 95% CI [0.02,
0.22]) made significant contributions to the final model.

During lockdown, age explained 1.9% of the variance in mental
health (see Supplementary Table 6). Planned PA was entered at Step 2
and the model accounted for 5.4% of the variance in mental health
scores. Following entry of the unplanned PA scores at Step 3, the total
variance explained by the model as a whole was 6.6%, F(3, 387) =9.19,
p <.001. Age (p = —0.12, p = .016, 95% CI [—0.22, —0.02]), planned PA
(p = —-0.16, p =.001, 95% CI [—0.26, —0.06]), and unplanned PA (p =
—0.12, p =.023, 95% CI [-0.22, —0.02]) made significant contributions
to the final model. Unplanned PA differed significantly, as indicated by
95% CIs, from pre- (95% CI [0.02, 0.22]) to during lockdown (95% CI
[-0.22, —0.02]; see Fig. 3a).

3.6. Partial correlations of steps per day with mental health

With BMI and age partialled out, there was a nonsignificant corre-
lation between steps per day and mental health both pre-lockdown (r =
0.10,7% = 0.01, n = 189, p = .093) and during lockdown (r = —0.08, r* =
0.01, n = 186, p = .144).

3.7. Sedentary behaviour as an explanatory variable for mental health

Age was entered at Step 1 and explained 2.4% of the variance in
mental health pre-lockdown (see Supplementary Table 6). Sitting time
was entered at Step 2 and the model accounted for 2.6% of the variance
in mental health scores pre-lockdown. After entry of the screen time
scores at Step 3, the total variance explained by the model as a whole
was 3.3%, F(3, 381) = 4.29, p = .005. Age made a significant contri-
bution to the final model (B = —0.13,p =.017, 95% CI [—0.23, —0.02]),
but neither sitting nor screen time emerged as statistically significant
explanatory variables for mental health pre-lockdown (ps > .05; see

O

Pre-Lockdown (n = 392)
During Lockdown (n = 391)
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Supplementary Table 6 and Fig. 3b).

During lockdown, age explained 2.3% of the variance in mental
health (see Supplementary Table 6). Sitting time was entered at Step 2
and the model accounted for 5.1% of the variance in mental health
scores. Following entry of the screen time scores at Step 3, the total
variance explained by the model as a whole was 5.5%, F(3, 382) = 7.35,
p < .001. Age, sitting time, and screen time did not significantly
contribute to the final model (ps > .05; see Supplementary Table 6).
Furthermore, there were no differences from pre- to during lockdown for
sitting time or screen time (see Fig. 3b).

4. Discussion

The main purpose of the present study was to examine the degree to
which exercise-related behavioural regulations explained PA pre- and
during UK lockdown. We also examined associations between PA and
sedentary behaviour with mental health in the same timeframe. The
hypothesis that a greater percentage of variance in planned PA would be
explained pre- vs. during lockdown, while explanation of unplanned PA
would remain unchanged (H;), is supported by visual inspection of the
present data (see Fig. 2a and b). The hypothesis that the percentage of
variance explained in steps per day by exercise motives would not differ
from pre- to during lockdown (Hj) is only partially supported (see
Supplementary Table 5 and Fig. 2c).

The hypothesis that planned and unplanned PA would explain a
greater proportion of variance in mental health during vs. pre-lockdown
(H3) is also supported by visual inspection of the data (see Fig. 3a). The
expectation of a small but significant correlation between steps per day
and mental health during lockdown (H4) was not manifested in the
findings. Nonetheless, the hypothesis that sedentary behaviour would be
more strongly associated with mental health during lockdown (Hs) is
supported (see Supplementary Table 6 and Fig. 3b).

Fig. 3. Standardised p Coefficients from Hierar-
chical Multiple Regression, Pre- and During
Lockdown for the Explanation of Mental Health
Using (a) Physical Activity and (b) Sedentary
Behaviour

Note. Standardised B coefficients for age are not
plotted, as they were entered into each hierar-
chical multiple regression as a potential
confound. Higher scores for mental health (i.e.,
GHQ-12 scores) denote compromised mental
health. Error bars represent 95% CIs. PA =

0.6 physical activity.
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4.1. Exercise motives as explanatory variables for PA and steps

A relatively large proportion of variance in planned PA was
explained by exercise motives pre-lockdown (37.3%). However, as ex-
pected, this figure was considerably lower during lockdown (19.5%),
albeit the difference between models was not subject to statistical
analysis. The self-determined motives that were strongly associated with
planned PA pre-lockdown, appear to have been tempered by the re-
strictions imposed by lockdown. It is notable that external regulation
exhibited a negative association with planned PA during lockdown (see
Fig. 2a), which suggests that some participants may have carried a sense
of coercion to exercise that served to limit their planned PA. Moreover,
such participants perhaps felt that they lacked exercise-related social
support and this was coupled with a low perception of behavioural
control (Chirico et al., 2020).

The findings for unplanned PA were as expected, with little differ-
ence in explained variance from pre- (8.1%) to during (7.0%) lockdown,
albeit that such a difference was not subject to statistical analysis (see
Supplementary Table 5). There was one significant explanatory variable
pre-lockdown, namely integrated regulation, but its explanatory power
appears to have diminished during lockdown (see Fig. 2b). This finding
suggests that participants’ values and needs may have shifted somewhat
during lockdown, perhaps due to a realisation that by necessity, un-
planned or spontaneous activity, particularly outside of the home (e.g.,
strolling around a department store), was severely restricted.

The findings for steps per day differed considerably to those of
planned PA (see Supplementary Table 5) and there are several reasons
for this, as well as for why the associated hypothesis was only partially
accepted. The imposition of lockdown by the UK Government and the
devolved governments of the home nations, meant that indoor and even
some outdoor facilities that individuals would use routinely for exercise
and physical activity were unavailable. This left people with two main
choices for daily exercise, which essentially inhibited the contribution of
self-determined motives. One was to engage in callisthenics, yoga,
bodyweight-type exercises, and suchlike in their homes (unlimited);
another was to walk, run, or cycle outdoors (<1 h per day). Accordingly,
bipedal activity, such as stepping, was one of the few items available on
the daily “menu” of PA, particularly for outdoor PA. This reduction in
choice might have accounted, in part, for the increase in variance
explained in steps from pre- to during lockdown. Another contributory
factor could have been that people were engaged in physical tasks in
their homes and gardens, leading to more unplanned PA that entailed
taking steps (Rogers et al., 2020).

4.2. Dimensions of physical activity and steps as explanatory variables for
mental health

The findings illustrate how planned and unplanned PA are more
strongly associated with mental health during lockdown (4.7%) when
compared to pre-lockdown (2.4%; see Supplementary Table 6). In the
absence of lockdown, people have multiple stimuli and social contacts to
enable them to maintain mental health. Albeit PA is important for
mental health in general terms (Farren et al., 2018), under conditions of
lockdown, its importance is elevated given the lack of alternative
stimuli/contacts (Holmes et al., 2020). The psychosocial benefits of
exercise may have been inhibited for many, but the biological benefits
(e.g., increase in serotonin release, physiological activation, and ther-
mogenesis) would have played a salient role in moderating mental
health (Mandolesi et al., 2018). It seems that unplanned PA made a small
contribution (1%) to the regression model and hints at the potential
benefits to mental health of activities that are unscheduled (Hamer et al.,
2009).

Fig. 3a illustrates the significant difference from pre- to during
lockdown in how unplanned PA predicts mental health. Given that un-
planned PA emerged as a negative explanatory variable during lock-
down, this would suggest that with increases in unplanned PA, mental
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health is enhanced (a reminder that high GHQ-12 scores indicate
compromised mental health). The present data suggest that any un-
planned activity that people were able to experience under lockdown,
had potentially positive ramifications for their mental health (Hamer
et al., 2009). There is an alternative plausible explanation, which is that
compromised mental health leads people to engage in less planned and
unplanned PA (Da Silva et al., 2012).

Steps per day did not explain mental health either pre- or during
lockdown, and the relationship between the two variables was weak s
= 0.01). This might be attributed to steps being only part of an in-
dividual’s complement of PA, and that only a subsection of the sample
had the means by which to record their steps. These are likely in-
dividuals who have a strong interest in maintaining high daily step
counts (Kirwan et al., 2012), whose efforts are thus not thwarted by
conditions of lockdown. Accordingly, their perceived mental health is
not associated with their step count.

4.3. Sedentary behaviour as an explanatory variable for mental health

Sedentary behaviour explained a greater percentage of variance
during vs. pre-lockdown (3.2% vs. 0.9%; see Supplementary Table 6),
although this difference was not examined statistically. This, however, is
a relatively small difference and almost entirely analogous with expla-
nations of mental health during lockdown in other European countries
(e.g., Cheval et al., 2020). Another point of interest is that, during
lockdown, sitting time emerged as a significant explanatory variable for
mental health scores at Step 2 of the hierarchical regression (i.e., as
sitting time increased, mental health was compromised). However, it
was not a significant explanatory variable at Step 3 when both sedentary
behaviour variables were entered into the model (see Supplementary
Table 6).

The implication of the differences between Step 2 and Step 3 of the
hierarchical regression, is that screen time might be pleasurable for
some, and thus promote better mental health (i.e., through facilitating
communication with others, playing immersive video games, or
watching TV; Johannes et al., 2020). This is likely given that Spence
et al. (2020) found that almost two thirds of UK adults reported higher
engagement with screen-based devices for leisure purposes during the
first lockdown. Nonetheless, excessive periods of sitting during lock-
down have the potential to compromise mental health in a small way (Qi
et al., 2020).

4.4. Theoretical and practical implications

Among the most compelling findings in the present study is the de-
gree to which behavioural regulations derived from SDT (Deci & Ryan,
1985) explained planned PA pre-lockdown (R? = 0.37), when compared
to during lockdown (R? = 0.19). Accordingly, in the absence of lock-
down, SDT exhibited high predictive efficacy, but when people’s au-
tonomy was thwarted by lockdown, the theory’s explanatory power
appeared to decline (see Supplementary Table 5). Interestingly, this
relates somewhat to epistemological arguments posed by scholars in
regard to the relevance of SDT in autocratic states where, by design,
individual autonomy is undermined (Church et al., 2013). The findings
provide insight as to how SDT predicts PA dimensions predicated on the
Theory of Planned Behaviour (TPB; Fishbein & Ajzen, 2010). A tenet of
TPB is that beliefs held about a likely outcome can be instrumental to the
execution of a given behaviour, and so it is notable that identified
regulation was so strongly associated with planned PA pre-lockdown
(see Supplementary Table 5). Identified regulation relates specifically
to awarding a conscious value to a behaviour that might be important to
an individual (Deci & Ryan, 2002).

Also of interest from a theoretical standpoint, is the possible link
between sedentary behaviour and mental health. This link is hinted at in
the present findings, particularly in regard to screen time (see Fig. 3b).
From the perspective of the Ecological Model of Health Behaviour
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(Hadgraft et al., 2018), it is evident how the phenomenon of lockdown
impacted all components of this model. For example, the policy and
regulatory environment dictated that health and fitness facilities were
closed and that people should stay at home for 23 h per day. The
physical environment may have presented severe restrictions for some
with regard to sedentary behaviour, particularly if they did not have the
luxury of a garden and/or lived in an apartment (Dogra & Stathokostas,
2014). Further, the interpersonal dimension of the model conjures the
notion that, for many, friends and colleagues who would ordinarily
promote and encourage PA, were inaccessible during lockdown (Holmes
et al., 2020).

In terms of practical applications, it seems that even those who are
highly self-determined to exercise are inhibited somewhat by lockdown
(see Supplementary Table 5). This means that in terms of maintaining
the physical health of the entire population, governments and public
health agencies need to consider keeping fitness facilities (e.g., swim-
ming pools) open and the provision of high-quality, technology-medi-
ated exercise (e.g., daily yoga classes). An extension of this might be to
apportion 30 min of each day to exercise so that people in their homes
and those in workplaces have an opportunity to engage in PA synchro-
nously. Linked to this, with the propensity of excessive hours of sitting
leading to compromised mental health during lockdown, it is imperative
that government messaging includes detail on the benefits of intermit-
tent movement throughout waking hours (Bailey et al., 2020).

4.5. Strengths and limitations

We were able to integrate a number of theories in the selection of
explanatory and dependent variables (e.g., SDT and TPB). The multi-
theory approach afforded a broad perspective on the issue of PA and
mental health during the strictest period of UK lockdown. Also, the
analytical strategy affords some originality in the pantheon of COV-
ID-19 studies (Ammar et al., 2020; Di Renzo et al., 2020). The ques-
tionnaires employed had been subject to fulsome validation procedures
(i.e., BREQ-3, BLPAQ, GHQ-12). Moreover, an extensive set of
data-screening procedures characterised our analyses and help in giving
credence to the present findings.

Use of a cross-sectional design precludes any claim of causality, thus
the findings need to be viewed within the frame of association. Allied to
this, ideally, we would have implemented a time gap between explan-
atory and dependent variables. However, as the window of opportunity
for seeking ethical clearance and collecting data for the study was
limited, we were not able to include such a gap. This limitation pervades
many similar studies conducted throughout the world during lockdown
(Constandt et al.,, 2020; Di Renzo et al., 2020; Qi et al., 2020).
Non-probability sampling was used and there is a participant
self-selection bias that is common to surveys of this nature, meaning that
lower socio-economic groups and ethnic minorities are underrepre-
sented (Bethlehem, 2010; Spence et al., 2020). Conversely, other groups
were overrepresented in the present study (e.g., women; see Supple-
mentary Table 1).

The use of retrospective recall in the case of planned/unplanned PA,
sedentary behaviour, and mental health pre-lockdown is duly
acknowledged as a limitation. It is well documented that respondents
provide less accurate information when asked about the past compared
to the present (Coughlin, 1990). We sought to overcome this potential
source of error through the use of suitable response sets in the survey (e.
g., “Before the COVID-19 lockdown ...”), in accord with recommenda-
tions for health-related COVID-19 research (Hipp et al., 2020).

4.6. Future directions

Given the cross-sectional nature of the present study, it would be
advantageous for future studies to take pre-, mid-, and end-of-lockdown
measures (i.e., a longitudinal approach). This would provide exercise
scientists and policy makers with a fuller understanding of the physical
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and mental health consequences of lockdown. Future studies might also
examine eating and sleep behaviours (Holmes et al., 2020). Such an
approach would elucidate the effects of lockdown on energy balance.
Moreover, measures that tap the various components of sedentary
behaviour (e.g., computer use, TV watching, reading) would be useful
(Biddle, 2018).

From the demographic detail that we collected (see Supplementary
Table 1), it is evident that there are some hard-to-reach subgroups in the
UK population. Accordingly, future lockdown-based studies would need
access to sufficient funds to incentivise representatives of such sub-
groups (e.g., BAME groups). In addition, 80.3% of respondents were
women and so offline methods of data collection could run in parallel
with online methods, with a view to eliciting more responses from men.
One of the biggest concerns to emanate from the present findings is the
degree to which those who were intrinsically motivated to exercise pre-
lockdown were inhibited in so doing by the government-imposed lock-
down. Finding ways to keep these people active, as well as their less
motivated counterparts — who are a perennial concern for exercise sci-
entists — is an imperative for future researchers.

5. Conclusions

The self-determined behavioural regulations that emerged as sig-
nificant explanatory variables for planned PA pre-lockdown appear to
have been tempered by lockdown-related restrictions (see Fig. 2a). As
expected, the amount of variance in unplanned PA explained by
behavioural regulations remained similar from pre- to during lockdown
(see Supplementary Table 5). Planned/unplanned PA and sedentary
behaviour accounted for 4.7% and 3.2% of the variance in mental health
during lockdown, respectively, which illustrates how our physical
movement patterns bear some relationship with mental wellbeing (see
Supplementary Table 6). The marked decline in the explanatory power
of the BREQ-3 variable, identified regulation, during lockdown (see
Fig. 3a), suggests that interventions aimed at enhancing the degree to
which people value planned PA, are likely to yield positive health out-
comes (Standage et al., 2008).

Clearly, there would have been many instances of people either
engaging in sedentary social activity or watching TV/playing video
games during lockdown that may have been beneficial to their mental
health (see e.g., Johannes et al., 2020). Where psychologists observe
detriments in mental health, it seems warranted that they should assess
individuals’ PA behaviours to gauge whether any targeted advice or
intervention might be of benefit (e.g., walk/run a mile a day). The
present results suggest that any unplanned activity that people were able
to engage in during lockdown had positive ramifications for their mental
health (see Fig. 3a). From a government and public health agency
perspective, the potential salience of media-based interventions, and
possibly targeting a 30-min slot in each day of national lockdown for the
public to exercise, is worthy of serious consideration.

Declaration of competing interest
None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.psychsport.2021.101945.

References

Ammar, A., Brach, M., Trabelsi, K., Chtourou, H., Boukhris, O., Masmoudi, L., et al.
(2020). Effects of COVID-19 home confinement on eating behaviour and physical
activity: Results of the ECLB-COVID19 international online survey. Nutrients, 12(6).
https://doi.org/10.3390/nu12061583


https://doi.org/10.1016/j.psychsport.2021.101945
https://doi.org/10.1016/j.psychsport.2021.101945
https://doi.org/10.3390/nu12061583

J.M. Bird et al.

Avila, C., Holloway, A. C., Hahn, M. K., Morrison, K. M., Restivo, M., Anglin, R., et al.
(2015). An overview of links between obesity and mental health. Current Obesity
Reports, 4(3), 303-310. https://doi.org/10.1007/513679-015-0164-9

Bailey, D. P., Withers, T. M., Goosey-Tolfrey, V. L., Dunstan, D. W., Leicht, C. A,
Champion, R. B., et al. (2020). Acute effects of breaking up prolonged sedentary time
on cardiovascular disease risk markers in adults with paraplegia. Scandinavian
Journal of Medicine & Science in Sports, 30(8), 1398-1408. https://doi.org/10.1111/
sms.13671

van Berkel, N., Goncalves, J., Lovén, L., Ferreira, D., Hosio, S., & Kostakos, V. (2019).
Effect of experience sampling schedules on response rate and recall accuracy of
objective self-reports. International Journal of Human-Computer Studies, 125,
118-128. https://doi.org/10.1016/J.1JHCS.2018.12.002

Bethlehem, J. (2010). Selection bias in web surveys. International Statistical Review, 78(2),
161-188. https://doi.org/10.1111/j.1751-5823.2010.00112.x

Biddle, S. J. H. (2015). Sedentary behaviour: Applying the behavioural epidemiological
framework. In K. Kanosue, S. Oshima, Z. B. Cao, & K. Oka (Eds.), Physical activity,
exercise, sedentary behavior and health (pp. 71-77). Springer.

Biddle, S. J. H. (2018). Sedentary behaviour at the individual level: Correlates, theories,
and interventions. In M. F. Leitzmann, C. Jochem, & D. Schmid (Eds.), Sedentary
behaviour epidemiology (pp. 405-429). Springer.

Bring, J. (1996). A geometric approach to compare variables in a regression model. The
American Statistician, 50(1), 57-62. https://doi.org/10.1080/
00031305.1996.10473543

Chemolli, E., & Gagné, M. (2014). Evidence against the continuum structure underlying
motivation measures derived from self-determination theory. Psychological
Assessment, 26(2), 575-585. https://doi.org/10.1037/a0036212

Chen, P., Mao, L., Nassis, G. P., Harmer, P., Ainsworth, B. E., & Li, F. (2020). Coronavirus
disease (COVID-19): The need to maintain regular physical activity while taking
precautions. Journal of Sport and Health Science, 9(2), 103-104. https://doi.org/
10.1016/j.jshs.2020.02.001

Cheval, B., Sivaramakrishnan, H., Maltagliati, S., Fessler, L., Forestier, C., Sarrazin, P.,
et al. (2020). Relationships between changes in self-reported physical activity,
sedentary behaviour and health during the coronavirus (COVID-19) pandemic in
France and Switzerland. Journal of Sports Sciences, 1-6. https://doi.org/10.1080/
02640414.2020.1841396. Advance online publication.

Chirico, A., Lucidi, F., Galli, F., Giancamilli, F., Vitale, J., Borghi, S., et al. (2020).
COVID-19 outbreak and physical activity in the Italian population: A cross-sectional
analysis of the underlying psychosocial mechanisms. Frontiers in Psychology, 11,
Article e2100. https://doi.org/10.3389/fpsyg.2020.02100

Church, A. T., Katigbak, M. S., Locke, K. D., Zhang, H., Shen, J., de Jestis Vargas-
Flores, J., et al. (2013). Need satisfaction and well-being: Testing Self-Determination
Theory in eight cultures. Journal of Cross-Cultural Psychology, 44(4), 507-534.
https://doi.org/10.1177/0022022112466590

Constandt, B., Thibaut, E., De Bosscher, V., Scheerder, J., Ricour, M., & Willem, A.
(2020). Exercising in times of lockdown: An analysis of the impact of COVID-19 on
levels and patterns of exercise among adults in Belgium. International Journal of
Environmental Research and Public Health, 17(11), Article e4144. https://doi.org/
10.3390/ijerph17114144

Coughlin, S. S. (1990). Recall bias in epidemiologic studies. Journal of Clinical
Epidemiology, 43(1), 87-91. https://doi.org/10.1016/0895-4356(90)90060-3

Cunningham, C., O’ Sullivan, R., Caserotti, P., & Tully, M. A. (2020). Consequences of
physical inactivity in older adults: A systematic review of reviews and meta-analyses.
Scandinavian Journal of Medicine & Science in Sports, 30(5), 816-827. https://doi.org/
10.1111/sms.13616

Da Silva, M. A., Singh-Manoux, A., Brunner, E. J., Kaffashian, S., Shipley, M. J.,
Kivimaki, M., et al. (2012). Bidirectional association between physical activity and
symptoms of anxiety and depression: The Whitehall II study. European Journal of
Epidemiology, 27(7), 537-546. https://doi.org/10.1007/510654-012-9692-8

Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human
behavior. Plenum Press.

Deci, E. L., & Ryan, R. M. (2002). Handbook of self-determination research. University of
Rochester Press.

Di Renzo, L., Gualtieri, P., Pivari, F., Soldati, L., Attina, A., Cinelli, G., et al. (2020).
Eating habits and lifestyle changes during COVID-19 lockdown: An Italian survey.
Journal of Translational Medicine, 18(1), Article e229. https://doi.org/10.1186/
$12967-020-02399-5

Ding, D., Del Pozo Cruz, B., Green, M. A., & Bauman, A. E. (2020). Is the COVID-19
lockdown nudging people to be more active: A big data analysis. British Journal of
Sports Medicine. https://doi.org/10.1136/bjsports-2020-102575

Dogra, S., & Stathokostas, L. (2014). Correlates of extended sitting time in older adults:
An exploratory cross-sectional analysis of the Canadian Community Health Survey
Healthy Aging Cycle. International Journal of Public Health, 59(6), 983-991. https://
doi.org/10.1007/s00038-014-0540-3

Edmunds, J., Ntoumanis, N., & Duda, J. L. (2006). A test of Self-Determination Theory in
the exercise domain. Journal of Applied Social Psychology, 36(9), 2240-2265. https://
doi.org/10.1111/j.0021-9029.2006.00102.x

Extance, A. (2020). Covid-19 and long term conditions: What if you have cancer,
diabetes, or chronic kidney disease? BMJ, 368, Article e1174. https://doi.org/
10.1136/bmj.m1174

Farren, G. L., Zhang, T., Gu, X., & Thomas, K. T. (2018). Sedentary behavior and physical
activity predicting depressive symptoms in adolescents beyond attributes of health-
related physical fitness. Journal of Sport and Health Science, 7(4), 489-496. https://
doi.org/10.1016/J.JSHS.2017.03.008

Fishbein, M., & Ajzen, 1. (2010). Predicting and changing behavior: The reasoned action
approach. Psychology Press. https://doi.org/10.4324/9780203937082

10

Psychology of Sport & Exercise 55 (2021) 101945

Gardner, B., Smith, L., Lorencatto, F., Hamer, M., & Biddle, S. J. H. (2016). How to
reduce sitting time? A review of behaviour change strategies used in sedentary
behaviour reduction interventions among adults. Health Psychology Review, 10(1),
89-112. https://doi.org/10.1080/17437199.2015.1082146

Goldberg, D. P., & Williams, P. (1988). A user’s guide to the General Health
Questionnaire. NFER-Nelson.

Gutiérrez-Colosia, M. R., Salvador-Carulla, L., Salinas-Pérez, J. A., Garcia-Alonso, C. R.,
Cid, J., Salazzari, D., et al. (2019). Standard comparison of local mental health care
systems in eight European countries. Epidemiology and Psychiatric Sciences, 28(2),
210-223. https://doi.org/10.1017/52045796017000415

Hadgraft, N. T., Dunstan, D. W., & Owen, N. (2018). Models for understanding sedentary
behaviour. In M. F. Leitzmann, C. Jochem, & D. Schmid (Eds.), Sedentary behaviour
epidemiology (pp. 381-403). Springer.

Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L. (2010). Multivariate
data analysis (7th ed.). Pearson.

Hallgren, M., Nguyen, T. T. D., Owen, N., Vancampfort, D., Smith, L., Dunstan, D. W.,
et al. (2020). Associations of interruptions to leisure-time sedentary behaviour with
symptoms of depression and anxiety. Translational Psychiatry, 10(1), Article e128.
https://doi.org/10.1038/541398-020-0810-1

Hall, G., Laddu, D. R,, Phillips, S. A., Lavie, C. J., & Arena, R. (2020). A tale of two
pandemics: How will COVID-19 and global trends in physical inactivity and sedentary
behavior affect one another? Progress in cardiovascular diseases. Advance online
publication. https://doi.org/10.1016/j.pcad.2020.04.005

Hamer, M., & Stamatakis, E. (2014). Prospective study of sedentary behavior, risk of
depression, and cognitive impairment. Medicine & Science in Sports & Exercise, 46(4),
718-723. https://doi.org/10.1249/MSS.0000000000000156

Hamer, M., Stamatakis, E., & Steptoe, A. (2009). Dose-response relationship between
physical activity and mental health: The Scottish Health Survey. British Journal of
Sports Medicine, 43(14), 1111-1114. https://doi.org/10.1136/bjsm.2008.046243

Hancox, J. E., Quested, E., Ntoumanis, N., & Thggersen-Ntoumani, C. (2018). Putting
self-determination theory into practice: Application of adaptive motivational
principles in the exercise domain. Qualitative Research in Sport, Exercise and Health,
10(1), 75-91. https://doi.org/10.1080/2159676X.2017.1354059

Hardy, G. E., Shapiro, D. A., Haynes, C. E., & Rick, J. E. (1999). Validation of the General
Health Questionnaire-12: Using a sample of employees from England’s health care
services. Psychological Assessment, 11(2), 159-165. https://doi.org/10.1037/1040-
3590.11.2.159

Hemmingsson, E., & Ekelund, U. (2007). Is the association between physical activity and
body mass index obesity dependent? International Journal of Obesity, 31(4), 663-668.
https://doi.org/10.1038/s.ij0.0803458

Hipp, L., Biinning, M., Munnes, S., & Sauermann, A. (2020). Problems and pitfalls of
retrospective survey questions in COVID-19 studies. Survey Research Methods, 14(2),
109-114. https://doi.org/10.18148/SRM/2020.V1412.7741

Holmes, E. A., O’Connor, R. C., Perry, V. H., Tracey, 1., Wessely, S., Arseneault, L., et al.
(2020). Multidisciplinary research priorities for the COVID-19 pandemic: A call for
action for mental health science. The Lancet Psychiatry, 7(6), 547-560. https://doi.
org/10.1016/52215-0366(20)30168-1

Jacob, L., Tully, M. A., Barnett, Y., Lopez-Sanchez, G. F., Butler, L., Schuch, F., et al.
(2020). 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. Mental Health and Physical Activity, 19, Article e100345.
https://doi.org/10.1016/J.MHPA.2020.100345

Jakobsson, J., Malm, C., Furberg, M., Ekelund, U., & Svensson, M. (2020). Physical
activity during the Coronavirus (COVID-19) pandemic: Prevention of a decline in
metabolic and immunological functions. Frontiers in Sports and Active Living, 2,
Article e57. https://doi.org/10.3389/fspor.2020.00057

Jann, B. (2014). Plotting regression coefficients and other estimates. STATA Journal, 14
(4), 708-737. https://journals.sagepub.com/doi/pdf/10.1177/1536867X1401
400402.

Johannes, N., Vuorre, M., & Przybylski, A. K. (2020). Video game play is positively
correlated with well-being. PsyArXiy. https://doi.org/10.31234/0SF.1I0/QRJZA

Karageorghis, C. I., Vencato, M. M., Chatzisarantis, N. L. D., & Carron, A. V. (2005).
Development and initial validation of the Brunel Lifestyle Physical Activity
Questionnaire. British Journal of Sports Medicine, 39(5), e23. https://doi.org/
10.1136/bjsm.2004.014258

Kaushal, N., Keith, N., Aguinaga, S., & Hagger, M. S. (2020). Social cognition and
socioecological predictors of home-based physical activity intentions, planning, and
habits during the COVID-19 pandemic. Behavioral Sciences, 10(9), 133. https://doi.
0rg/10.3390/bs10090133

Kirwan, M., Duncan, M. J., Vandelanotte, C., & Mummery, W. K. (2012). Using
smartphone technology to monitor physical activity in the 10,000 steps program: A
matched case-control trial. Journal of Medical Internet Research, 14(2), e55. https://
doi.org/10.2196/jmir.1950

Kohl, H. W., Craig, C. L., Lambert, V., Inoue, S., Alkandari, R., Leetongin, G., et al.
(2012). The pandemic of physical inactivity: Global action for public health. The
Lancet, 380, 294-305. https://doi.org/10.1016/50140-6736(12)60898-8

Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino, P., et al.
(2018). Effects of physical exercise on cognitive functioning and wellbeing:
Biological and psychological benefits. Frontiers in Psychology, 9, Article e509.
https://doi.org/10.3389/fpsyg.2018.00509

Markland, D., & Tobin, V. (2004). A modification to the Behavioural Regulation in
Exercise Questionnaire to include an assessment of amotivation. Journal of Sport &
Exercise Psychology, 26(2), 191-196. https://doi.org/10.1123/jsep.26.2.191

Parker, K., Uddin, R., Ridgers, N. D., Brown, H., Veitch, J., Salmon, J., et al. (2021). The
use of digital platforms for adults’ and adolescents’ physical activity during the


https://doi.org/10.1007/s13679-015-0164-9
https://doi.org/10.1111/sms.13671
https://doi.org/10.1111/sms.13671
https://doi.org/10.1016/J.IJHCS.2018.12.002
https://doi.org/10.1111/j.1751-5823.2010.00112.x
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref6
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref6
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref6
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref7
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref7
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref7
https://doi.org/10.1080/00031305.1996.10473543
https://doi.org/10.1080/00031305.1996.10473543
https://doi.org/10.1037/a0036212
https://doi.org/10.1016/j.jshs.2020.02.001
https://doi.org/10.1016/j.jshs.2020.02.001
https://doi.org/10.1080/02640414.2020.1841396
https://doi.org/10.1080/02640414.2020.1841396
https://doi.org/10.3389/fpsyg.2020.02100
https://doi.org/10.1177/0022022112466590
https://doi.org/10.3390/ijerph17114144
https://doi.org/10.3390/ijerph17114144
https://doi.org/10.1016/0895-4356(90)90060-3
https://doi.org/10.1111/sms.13616
https://doi.org/10.1111/sms.13616
https://doi.org/10.1007/s10654-012-9692-8
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref18
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref18
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref19
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref19
https://doi.org/10.1186/s12967-020-02399-5
https://doi.org/10.1186/s12967-020-02399-5
https://doi.org/10.1136/bjsports-2020-102575
https://doi.org/10.1007/s00038-014-0540-3
https://doi.org/10.1007/s00038-014-0540-3
https://doi.org/10.1111/j.0021-9029.2006.00102.x
https://doi.org/10.1111/j.0021-9029.2006.00102.x
https://doi.org/10.1136/bmj.m1174
https://doi.org/10.1136/bmj.m1174
https://doi.org/10.1016/J.JSHS.2017.03.008
https://doi.org/10.1016/J.JSHS.2017.03.008
https://doi.org/10.4324/9780203937082
https://doi.org/10.1080/17437199.2015.1082146
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref28
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref28
https://doi.org/10.1017/S2045796017000415
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref30
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref30
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref30
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref31
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref31
https://doi.org/10.1038/s41398-020-0810-1
https://doi.org/10.1016/j.pcad.2020.04.005
https://doi.org/10.1249/MSS.0000000000000156
https://doi.org/10.1136/bjsm.2008.046243
https://doi.org/10.1080/2159676X.2017.1354059
https://doi.org/10.1037/1040-3590.11.2.159
https://doi.org/10.1037/1040-3590.11.2.159
https://doi.org/10.1038/sj.ijo.0803458
https://doi.org/10.18148/SRM/2020.V14I2.7741
https://doi.org/10.1016/S2215-0366(20)30168-1
https://doi.org/10.1016/S2215-0366(20)30168-1
https://doi.org/10.1016/J.MHPA.2020.100345
https://doi.org/10.3389/fspor.2020.00057
https://journals.sagepub.com/doi/pdf/10.1177/1536867X1401400402
https://journals.sagepub.com/doi/pdf/10.1177/1536867X1401400402
https://doi.org/10.31234/OSF.IO/QRJZA
https://doi.org/10.1136/bjsm.2004.014258
https://doi.org/10.1136/bjsm.2004.014258
https://doi.org/10.3390/bs10090133
https://doi.org/10.3390/bs10090133
https://doi.org/10.2196/jmir.1950
https://doi.org/10.2196/jmir.1950
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.3389/fpsyg.2018.00509
https://doi.org/10.1123/jsep.26.2.191

J.M. Bird et al.

COVID-19 pandemic (our life at home): Survey study. Journal of Medical Internet
Research, 23(2), Article €23389. https://doi.org/10.2196/23389

Pierce, M., Hope, H., Ford, T., Hatch, S., Hotopf, M., John, A, et al. (2020). Mental
health before and during the COVID-19 pandemic: A longitudinal probability sample
survey of the UK population. The Lancet Psychiatry, 7(10), 883-892. https://doi.org/
10.1016/52215-0366(20)30308-4

Pietrobelli, A., Pecoraro, L., Ferruzzi, A., Heo, M., Faith, M., Zoller, T., et al. (2020).
Effects of COVID-19 lockdown on lifestyle behaviors in children with obesity living
in verona, Italy: A longitudinal study. Obesity, 28(8), 1382-1385. https://doi.org/
10.1002/0by.22861

Public Health England. (2019). Physical activity: Applying all our health. October 16 htt
ps://www.gov.uk/government/publications/physical-activity-applying-all-our
-health/physical-activity-applying-all-our-health.

Qi, M., Li, P., Moyle, W., Weeks, B., & Jones, C. (2020). Physical activity, health-related
quality of life, and stress among the Chinese adult population during the COVID-19
pandemic. International Journal of Environmental Research and Public Health, 17(18),
Article e6494. https://doi.org/10.3390/ijerph17186494

Rhodes, R. E., Liu, S., Lithopoulos, A., Zhang, C.-Q., & Garcia-Barrera, M. A. (2020).
Correlates of perceived physical activity transitions during the COVID-19 pandemic
among Canadian adults. Applied Psychology: Health and Well-Being, 12(4),
1157-1182. https://doi.org/10.1111/aphw.12236

Robinson, E., Boyland, E., Chisholm, A., Harrold, J., Maloney, N. G., Marty, L., et al.
(2021). Obesity, eating behavior and physical activity during COVID-19 lockdown: A
study of UK adults. Appetite, 156, Article e104853. https://doi.org/10.1016/J.
APPET.2020.104853

Rodrigues, F., Macedo, R., Teixeira, D. S., Cid, L., & Monteiro, D. (2020). Motivation in
sport and exercise: A comparison between the BRSQ and BREQ. Quality and Quantity,
54(4), 1335-1350. https://doi.org/10.1007/511135-020-00988-6

Rogers, N. T., Waterlow, N. R., Brindle, H., Enria, L., Eggo, R. M., Lees, S., et al. (2020).
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. Frontiers in Public Health, 8, Article e575091.
https://doi.org/10.3389/fpubh.2020.575091

Rothman, K. J. (1990). No adjustments are needed for multiple comparisons.
Epidemiology, 1(1), 43-46. https://www.jstor.org/stable/pdf/2006562.2.pdf.

Ryan, R. M., & Deci, E. L. (2017). Self-Determination Theory: Basic psychological needs in
motivation, development, and wellness. The Guilford Press.

Sallis, J. F., Adlakha, D., Oyeyemi, A., & Salvo, D. (2020). An international physical
activity and public health research agenda to inform coronavirus disease-19 policies
and practices. Journal of Sport and Health Science, 9, 328-334. https://doi.org/
10.1016/j.jshs.2020.05.005

Sallis, J. F., Owen, N., & Fotheringham, M. J. (2000). Behavioral epidemiology: A
systematic framework to classify phases of research on health promotion and disease
prevention. Annals of Behavioral Medicine, 22(4), 294-298. https://doi.org/10.1007/
BF02895665

Smith, L., Jacob, L., Butler, L., Schuch, F., Barnett, Y., Grabovac, L., et al. (2020).
Prevalence and correlates of physical activity in a sample of UK adults observing
social distancing during the COVID-19 pandemic. BMJ Open Sport & Exercise
Medicine, 6(1), Article e000850. https://doi.org/10.1136/bmjsem-2020-000850

11

Psychology of Sport & Exercise 55 (2021) 101945

Spence, J. C., Rhodes, R. E., McCurdy, A., Mangan, A., Hopkins, D., & Mummery, W. K.
(2020). Determinants of physical activity among adults in the United Kingdom
during the COVID-19 pandemic: The DUK-COVID study. British Journal of Health
Psychology. https://doi.org/10.1111/bjhp.12497. Advance online publication.

Stamatakis, E., Ekelund, U., Ding, D., Hamer, M., Bauman, A. E., & Lee, I.-M. (2019). Is
the time right for quantitative public health guidelines on sitting? A narrative review
of sedentary behaviour research paradigms and findings. British Journal of Sports
Medicine, 53(6), 377-382. https://doi.org/10.1136/bjsports-2018-099131

Standage, M., Sebire, S. J., & Loney, T. (2008). Does exercise motivation predict
engagement in objectively assessed bouts of moderate-intensity exercise?: A self-
determination theory perspective. Journal of Sport & Exercise Psychology, 30(4),
337-352. https://doi.org/10.1123/jsep.30.4.337

Stockwell, S., Trott, M., Tully, M., Shin, J., Barnett, Y., Butler, L., et al. (2021). Changes
in physical activity and sedentary behaviours from before to during the COVID-19
pandemic lockdown: A systematic review. BMJ Open Sport & Exercise Medicine, 7(1),
Article e000960. https://doi.org/10.1136/bmjsem-2020-000960

Tabachnick, B. G., & Fidell, L. S. (2019). Using multivariate statistics (7th ed.). Pearson
Education.

Tison, G. H., Avram, R., Kuhar, P., Abreau, S., Marcus, G. M., Pletcher, M. J., et al.
(2020). Worldwide effect of COVID-19 on physical activity: A descriptive study.
Annals of Internal Medicine, 173(9), 767-770. https://doi.org/10.7326/M20-2665

UK Government. (2020). Prime Minister’s statement on coronavirus (COVID-19): 23 March
2020. March 23 https://www.gov.uk/government/speeches/pm-address-to-the-nat
ion-on-coronavirus-23-march-2020.

Vencato, M. M., Karageorghis, C. L., Nevill, A. M., & Priest, D.-L. (2017a). Test-retest
reliability of the Brunel Lifestyle Physical Activity Questionnaire. Psychology of Sport
and Exercise, 33, 24-30. https://doi.org/10.1016/J.PSYCHSPORT.2017.07.003

Vencato, M. M., Karageorghis, C. L., Priest, D.-L., & Nevill, A. M. (2017b). Concurrent
validity and cross-validation of the Brunel Lifestyle Physical Activity Questionnaire.
Journal of Science and Medicine in Sport, 20(8), 766-770. https://doi.org/10.1016/J.
JSAMS.2016.12.077

Wang, C., Pan, R., Wan, X,, Tan, Y., Xu, L., McIntyre, R. S., et al. (2020). A longitudinal
study on the mental health of general population during the COVID-19 epidemic in
China. Brain, Behavior, and Immunity, 87, 40-48. https://doi.org/10.1016/J.
BBI.2020.04.028

Weir, J. P., & Vincent, W. J. (2020). Statistics in kinesiology. In Human Kinetics (5th ed.).

Wilson, P. M., Rodgers, W. M., Loitz, C. C., & Scime, G. (2007). “It’s who I am...really!”
the importance of integrated regulation in exercise contexts. Journal of Applied
Biobehavioral Research, 11(2), 79-104. https://doi.org/10.1111/j.1751-9861.2006.
tb00021.x

World Health Organization. (2020a). Mental health and psychosocial considerations
during the COVID-19 outbreak. March 18 https://www.who.int/docs/default-sourc
e/coronaviruse/mental-health-considerations.pdf?sfvrsn=6d3578af_2.

World Health Organization. (2020b). Physical activity. November 26 https://www.who.
int/news-room/fact-sheets/detail /physical-activity.

World Health Organization. (2020c). Timeline of WHO’s response to COVID-19.
September 9 https://www.who.int/news-room/detail/29-06-2020-covidtimeline.


https://doi.org/10.2196/23389
https://doi.org/10.1016/S2215-0366(20)30308-4
https://doi.org/10.1016/S2215-0366(20)30308-4
https://doi.org/10.1002/oby.22861
https://doi.org/10.1002/oby.22861
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health
https://doi.org/10.3390/ijerph17186494
https://doi.org/10.1111/aphw.12236
https://doi.org/10.1016/J.APPET.2020.104853
https://doi.org/10.1016/J.APPET.2020.104853
https://doi.org/10.1007/s11135-020-00988-6
https://doi.org/10.3389/fpubh.2020.575091
https://www.jstor.org/stable/pdf/20065622.pdf
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref61
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref61
https://doi.org/10.1016/j.jshs.2020.05.005
https://doi.org/10.1016/j.jshs.2020.05.005
https://doi.org/10.1007/BF02895665
https://doi.org/10.1007/BF02895665
https://doi.org/10.1136/bmjsem-2020-000850
https://doi.org/10.1111/bjhp.12497
https://doi.org/10.1136/bjsports-2018-099131
https://doi.org/10.1123/jsep.30.4.337
https://doi.org/10.1136/bmjsem-2020-000960
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref69
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref69
https://doi.org/10.7326/M20-2665
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://www.gov.uk/government/speeches/pm-address-to-the-nation-on-coronavirus-23-march-2020
https://doi.org/10.1016/J.PSYCHSPORT.2017.07.003
https://doi.org/10.1016/J.JSAMS.2016.12.077
https://doi.org/10.1016/J.JSAMS.2016.12.077
https://doi.org/10.1016/J.BBI.2020.04.028
https://doi.org/10.1016/J.BBI.2020.04.028
http://refhub.elsevier.com/S1469-0292(21)00063-7/sref75
https://doi.org/10.1111/j.1751-9861.2006.tb00021.x
https://doi.org/10.1111/j.1751-9861.2006.tb00021.x
https://www.who.int/docs/default-source/coronaviruse/mental-health-considerations.pdf?sfvrsn=6d3578af_2
https://www.who.int/docs/default-source/coronaviruse/mental-health-considerations.pdf?sfvrsn=6d3578af_2
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/detail/29-06-2020-covidtimeline

