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and other sanitary actions were developed to mitigate this coronavirus spread. Under such
unusual conditions, barriers to keep an active lifestyle were hard to overcome. Fifty-nine articles
written by authors from Africa, America, Asia, Europe, and Oceania provide a rich discussion
about the topic “Coronavirus Disease (COVID-19): Psychological and Behavioral Consequences
of Confinement on Physical Activity, Sedentarism, and Rehabilitation.” This collection is dedicated
to understanding the adaptive psychological and behavioral responses to COVID-19, with the focus
on the consequences of exercise and physical activity programs for different populations, across the
lifespan. The COVID-19 context is explored to discuss lockdown and confinement, physical and
social distances, fear of diseases, and opportunities to use innovative technologies in health.

CONTRIBUTIONS

Physically active persons [athletes (Abenza-Cano et al.; Anyan et al; Bazett-Jones et al.; Freire et al;
Fuentes-Garcia et al.; Gonzalez-Hernandez et al.; Li et al.; Lautenbach et al.; Mehrsafar et al.; Rubio
etal; Szczypinska et al.) and active adults (Guicciardi and Pazzona)] were surveyed to ascertain how
the pandemic has affected their behavioral, psychological, and training patterns. Training activities
were changed, the coach-athlete relation was evaluated, and coping-pandemic issues to deal with
stress were discussed. These studies present how athletes in different sports have adapted their
activities during confinement due to COVID-19.

Parents had to deal with emotional and behavioral problems of their children induced by the
confinement. Monteiro et al. evaluated how parents and children younger than 7 years old behaved
under the stress of lockdown, while Ren et al. discussed parenting stress to deal with children with
special needs during the pandemic.

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 816368


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.816368
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.816368&domain=pdf&date_stamp=2022-03-22
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jgreve@usp.br
https://doi.org/10.3389/fpsyg.2022.816368
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.816368/full
https://www.frontiersin.org/research-topics/14062/coronavirus-disease-covid-19-psychological-and-behavioral-consequences-of-confinement-on-physical-ac
https://doi.org/10.3389/fpsyg.2020.620042
https://doi.org/10.3389/fpsyg.2020.598481
https://doi.org/10.3389/fspor.2020.586141
https://doi.org/10.3389/fpsyg.2020.589543
https://doi.org/10.3389/fpsyg.2020.01812
https://doi.org/10.3389/fpsyg.2021.622529
https://doi.org/10.3389/fpsyg.2020.560638
https://doi.org/10.3389/fpsyg.2020.611658
https://doi.org/10.3389/fpsyg.2021.630414
https://doi.org/10.3389/fpsyg.2020.613495
https://doi.org/10.3389/fpsyg.2021.624949
https://doi.org/10.3389/fpsyg.2020.607233
https://doi.org/10.3389/fpsyg.2021.590279
https://doi.org/10.3389/fpsyg.2020.565393

Mochizuki et al.

Editorial: Coronavirus: Psychological and Behavioral Consequences of Confinement

Most of the original research studies analyzed the relations
of physical activity and different dimensions of human behavior
in adults. Therefore, physical activity behavior was compared
with eating behavior (Constant et al.; Diniz et al.; Ingram et al;
Machado-Lima et al.), health risk habits (Diniz et al.), mental
health (Diniz et al.), motivation to exercise (Leyton-Romén
et al.), psychological states (Ingram et al; Hargreaves et al;
Ledn-Zarcefio et al.; Machado-Lima et al.; Meira et al.; Sang et
al; Terry et al.), sleep (Ingram et al.), self-efficiency to exercise
(Teran-Escobar et al.), and wellbeing (Brand et al.; Jenkins et al.).

Different strategies to manage the issues during the pandemic
were also presented. To promote active behaviors, Marchant
et al. asked adults about the use of eHealth for exercise and
physical activity, Carfora and Catellani assessed persuasive
messages to promote physical activity at home, while Alsalhe
et al. evaluated the association between physical activity and
fear of COVID-19. Abu-Akel et al. compared the effect of
who gives information about social distancing on individual
behavior. Borrega-Mouquinho et al. compared the effects of high
and moderate-intensity training on psychological factors in a
randomized controlled trial. Reigal et al. applied a data mining
approach to find behavioral patterns. Alsukah et al. investigated
the awareness of COVID-19.

Across the lifespan, other original research articles studied
the connections between physical activity and behavior. Physical
activity levels were also affected in teenagers and young adults.
Bosselmann et al. evaluated the relation among physical activity,
boredom, and fear of COVID-19. Liébana-Presa et al. studied
stress, emotional intelligence, and the intention to use cannabis
during the confinement. Young adults were emotionally affected
by the pandemic. Wang et al. showed anxiety in Chinese college
students. Lippke et al. investigated physical activity, loneliness,
and friendship in European university students. Slimani et al.
studied the relation between physical activity and quality of
life in young adults in Tunisia. In older adults, Carvalho et
al. evaluated the effects of confinement in physical fitness and
physical activity behavior, and Lage et al. analyzed the association
between depressive symptoms and physical activity intensity
during the lockdown. While Torriani-Passn et al. evaluated the
barriers and facilitators for stroke survivors to engage in a remote
physical exercise program, da Silva, da Silva, et al. studied the use
of game platforms for home-based telerehabilitation in patients
with cerebral palsy.

For the perspective and opinion articles, different proposals
were discussed to face the health issues and sedentary behavior
during the pandemic. Riith and Kaspar have highlighted the
benefits of exergaming at home, regarding its physical, and non-
physical effects. S4 Filho et al. emphasized the importance of
the recommendations of exercising and training at home during
the pandemic. Aguirre-Loaiza et al. discussed the embodied
cognition approach to explain the importance of physical activity
during the pandemic. Filipas et al. discussed the differences for
athletes from low- and high-income countries to be continuously
engaged with their training routines during the pandemic.

The narrative reviews have gathered the impacts of physical
activity in health during the pandemic. Ghram et al. discussed
the importance of exercising to reduce the deleterious effects of
the COVID-19 pandemic. Clemente-Sudrez et al. reviewed
the impact of physical inactivity and modifications in
nutritional habits, at psychological and physiological levels
during the pandemic. Scartoni et al. discussed the protective
effect of physical exercise against COVID-19 infection in
the elderly.

Methods studies have provided interesting new tools to
understand the consequences of the COVID-19 pandemic
on health and physical activity. da Silva, de Oliveira, et al
proposed a protocol to compare conventional intervention and
non-immersive virtual reality rehabilitation in an COVID-19
inpatient hospital unit. Lete-Lasa et al. propose a tool to identify
potential COVID-19 contagion situations in sports and physical
education situations. Berasategi et al. proposed and validated a
scale to measure wellbeing of children in lockdown.

SUMMARY

This collection shows that physical activity behavior and COVID-
19 are related. Active life during the pandemic provided fewer
negative psychological states in different populations. Lockdown
and social distancing have created conditions to increase
stress, which exercising was a positive action for its reduction
or prevention.
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Mathematics (LIAM), Department of Mathematics and Statistics, York University, Toronto, ON, Canada, *School of Sport and
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The present study aimed to determine the relationship between physical activity (PA) and
quality of life (QoL) during the confinement caused by the COVID-19 outbreak. A total of
216 participants (men: n = 112, women: n = 114) were included in the present study.
They were divided into three groups [i.e., inactive group (IG): less than 600 metabolic
equivalent of tasks (METs), n = 131; minimally active group (MAG): from 600 to 2,999
METs, n = 49; and health-enhancing PA group (HEPAG): 3,000 + METs, n = 36] based
on their habitual PA level in the period of confinement. WHO Quiality of Life Instrument-Short
Form (WHOQOL-BREF) and International Physical Activity Questionnaire-BREF
(IPAQ-BREF) questionnaires were used to assess QoL and PA intensities. The main findings
of the present study showed that MAG and HEPAG have better total PA, physical,
psychological, social, and environmental QoL domains scores than IG (all, p < 0.01). Small
to large correlations (r ranging from 0.14 to 0.72) were also observed between total PA,
total walking activity, total moderate-intensity PA, total vigorous-intensity PA, and QoL
domains (all, p < 0.01). PA with light-, moderate-, and vigorous-intensities can be well
recommended to decrease the negative psychosocial effect of confinement. However,
longitudinal studies are needed to draw causal inferences and underpin more robust and
evidence-based and informed recommendations.

Keywords: coronavirus, COVID-19, prevention, psychosocial, confinement

INTRODUCTION

“Severe Acute Respiratory Syndrome coronavirus type 2 (SARS-CoV-2),” responsible for an infection
termed the coronavirus disease (COVID-19), is a newly discovered pathogen in humans.
It was first discovered on November 17, 2019 in the city of Wuhan, mainland China, and then
spread throughout the world. On March 11, 2020, COVID-19 was declared a pandemic by the
World Health Organization (WHO). As of 24 March 2020, the number of confirmed cases
was 372,755 cases and 16,231 deaths, which increased to 2,160,207 cases and 146,088 deaths
as of 18 April 2020 (WHO Situation reports; Zhu et al, 2020). In this context, the WHO
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recommended the adoption of various protective, behavioral, and
non-pharmacological measures (such as avoiding physical contact,
handshakes, hugs and kisses; banning social gatherings and major
events; closing universities and schools; and implementing self-
isolation, social/physical distancing, confinement, and quarantine)
to curb the spread of the virus as well as preventive approaches
[including practicing physical activity (PA), sleeping well, etc.]
to keep oneself healthy during the ongoing outbreak.
Governments of all countries ordered their people to
self-isolate (stay at home). However, long-term isolation or
home-confinement may have negative effects on psychosocial
and mental health, especially causing stress, negative emotions,
and impaired cognition (Hawkley and Capitanio, 2015). If
prolonged, they may suppress immune system and physiological
functions (Kiecolt-Glaser et al., 2002), which may increase the
risk of exposure to SARS-CoV-2 and the likelihood of contracting
the infection. For instance, the WHO suggested that people
stay physically active at home in order to optimize their health
status, decrease the negative psychosocial consequences of
confinement, and maintain their immune system function.
Many studies have reported positive effects of PA on psychosocial
status, such as quality of life (QoL), outside of confinement
(Anokye et al., 2012; Vagetti et al., 2014; Krzepota et al., 2018;
Ho et al,, 2019). However, no study has so far investigated the
relationship between PA and QoL during a period of confinement,
such as the quarantine caused by COVID-19. Therefore, we aimed
to explore the relationship between PA and QoL in the general
population of Tunisia during the first 4 weeks of the confinement
implemented by the government to curtail the COVID-19
pandemic. This may help the community members to improve
their QoL in the face of a future pandemic, such as the COVID-19
outbreak or potential secondary waves/relapses, should the virus
not be completely eradicated and suppressed by means of
pharmacological interventions (drugs and vaccines).

MATERIALS AND METHODS

Participants

A non-probabilistic sampling approach was utilized. Subjects
were considered eligible to take part into the study if meeting
the following inclusion criteria: (i) age in the range 18-30 years;
(ii) not using alcohol, drugs, or other substances; and (iii) no
co-morbidities and/or orthopedic limitations that could interfere
with the perceived QoL or level of PA.

A link to the online questionnaires was sent via mail to
242 potential participants, of which 216 returned valid
questionnaires (participation rate of 89.3%). Thus, 216 participants
were included in the analysis. The link contained a brief
explanation of the questionnaires and instructions on how to
complete them. It was sent 4 weeks after the implementation
of the quarantine by the Tunisian government. All measures
were collected on the same day, to avoid any bias in the study,
considering the constantly evolving situation of the pandemic.

Most participants in the current survey were men (n = 112,
51.9%), and the mean age at the time of the study was
27.9 years (SD = 8.1). Participants were divided into three

groups [i.e., inactive group (IG): less than 600 metabolic
equivalent of tasks (METs), n = 131; minimally active group
(MAG): from 600 to 2,999 METs, n = 49; and health-enhancing
PA group (HEPAG): 3,000 + METs, n = 36] based on their
habitual PA level in the period of quarantine, as recommended
by previous research (Lee et al., 2011).

We excluded participants who were not compliant to
government guidelines at home during the COVID-19 epidemic.
Participants completed the online PA and QoL questionnaires.
They were thoroughly advised of the aims of the study. All
participants signed a free and informed consent form. Local
institutional ethical approval was provided for this study, which
was conducted in accordance with the 1964 Declaration of
Helsinki and its subsequent amendments.

Measures
Physical Activity
PA was assessed using the International Physical Activity
Questionnaire-BREF (IPAQ-BREF; Lee et al, 2011). This
questionnaire comprised of seven questions which assessed the
frequency and duration of vigorous intensity, moderate intensity,
and walking PA for at least 10 min during the past week.
Participants were asked to respond to one of the frequency
options: from 1 to 7 days. Duration options included the number
of minutes exercised, never do, or do not know. Participants
who had not undertaken any PA in the previous 7 days responded
only to the question “During the last 7 days, how much time
did you spend sitting on a week day?”

The IPAQ assessed total PA and total sedentary time, whereas
the intensity of activity was converted to MET units (MET".week™),
as recommended by previous study (Ainsworth et al., 2000).

Quality of Life

QoL was measured using the self-administered WHO Quality
of Life Instrument-Short Form (WHOQOL-BREF; Skevington
et al, 2004). It comprised 26 items including domains and
facets (or sub-domains). The first two items assessed the “overall
rating of QoL (OQOL)” and subjective satisfaction with health.
The other 24 items measured four domains, namely, physical
health (seven items), psychological health (six items), social
relations (three items), and environment (eight items). The
participants marked a response using a 5-point Likert scale
[ranging from 1 (very dissatisfied/very poor) to 5 (very satisfied/
very good)]. The domain scores of the WHOQOL-Bref were
computed according to the guideline of the WHO (WHO, 1998).

Statistical Analysis

Statistical analyses were performed by means of the commercial
software “Statistical Package for the Social Sciences” (SPSS for
Windows, version 20.0, SPSS Inc., Chicago, Illinois, USA).
Descriptive statistics were calculated for all experimental data.
Kolmogorov-Smirnov test was used to assess if data were normally
distributed. Differences in PA level and QoL domains were
determined by using Mann-Whitney U tests. To assess a difference
between different categories of participants based on their PA
level, Kruskal-Wallis tests were used. In the case of significant
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differences, post hoc comparisons with Bonferroni corrections
were applied using the Mann-Whitney U test. Furthermore,
bivariate correlations were computed by using Spearman’s Rho
to examine the relationship between PA level and QoL domains.

RESULTS

An overview of the participants’ METs and QoL domain scores
is shown in Table 1. Most of the time was spent with participants
being sedentary, followed by light-, moderate-, and high-intensity
activities, regardless of the group. In general, all dependent
variables differed among the groups (Kruskal-Wallis test,
p < 0.001; Table 1), except being sedentary. Post hoc analyses
revealed that the differences between groups were significant
in all comparisons and by the pattern, where the IG accumulated
less light-, moderate-, and high-intensity activities when compared
to HEPAG (Table 1). When compared to the MAG, the IG
did not differ in total time spent at light activities only.

Regarding QoL, the IG reported lower scores compared to
the MAG and HEPAG for all four domains, while the MAG
and HEPAG did not differ (p = 0.950). The same pattern was
observed for QoL total score, where the IG reported lower
scores compared to the MAG and HEPAG, while the MAG
and HEPAG did not differ (p = 0.659; Table 1).

Correlation analysis showed that total PA (MET) had a
small to moderate relationship with QoL domains (Table 2).
More in-detail, small to moderate correlations (r ranging from
0.14 to 0.42) between all PA intensities and QoL domains
were observed (Table 2).

DISCUSSION

The present study aimed to determine the relationship between
PA and QoL during the confinement caused by the COVID-19
outbreak. The main findings of the present study showed that
MAG and HEPAG groups have better total PA, physical,

psychological, social, and environmental domains scores than
the IG. Small to large correlations were also observed between
total PA, total walking activity, total moderate-intensity PA,
total vigorous-intensity PA, and the QoL domains.

The relationship between active living and QoL is well studied
in patients with different diseases and also in healthy participants
(Ellingson and Conn, 2000; Brown et al., 2003; Anokye et al.,
2012; Ha et al, 2014; Krzepota et al., 2018; Ho et al., 2019).
However, the current study showed that total PA (MET) was
correlated with all QoL domains during a period of government
directed confinement and a limiting of personal freedom.
Specifically, large correlations were observed between total PA
and psychological and social QoL domains. Accordingly, some
studies have also reported a positive correlation between PA
and QoL domains (Mourady et al., 2017). For instance, some
authors have reported positive correlations between total PA
and physical and mental domains (Stewart et al., 2003; Wendel-Vos
et al., 2004; Fox et al., 2007; Shibata et al., 2007), while others
have shown positive correlations between PA and some QoL
domains, namely general QoL; functional capacity; mental
health; autonomy, past, present, and future activities; death
and dying; intimacy; vitality; and psychological domain (Vagetti
et al., 2014). Mourady et al. (2017) reported that total PA was
significantly correlated with physical and psychological health,
general QoL, social relationships, and the environmental domains
in healthy participants. On the contrary, in one study, sedentary
PA was significantly associated with the social relationship
domains (Mourady et al, 2017). The last finding is not in
agreement with our study result regarding the correlation
between sedentary and QoL domains (e.g., in our study total
sedentary mostly had non-significant relationships with QoL
domains). This contradiction may be explained by the differences
in the study contexts. Participants in the present study practiced
social distancing to avoid the spread of COVID-19. In addition,
by staying at home, without practicing PA, they may feel insecure.

Regarding the dose-response relationship between PA and
QoL domains, the current study reported small to moderate
correlations between all PA intensities and QoL domains.

TABLE 1 | Differences in the levels of physical actvity (PA) as assessed by means of the International Physical Activity Questionnaire (IPAQ) and perceived quality of life

(Qol) between the different groups recruited in the present studly.

Variables IG MA group HEPA Kruskal-Wallis IG vs. MA IG vs. HEPA MA vs. HEPA
n=131 n=49 n=36 test Z (p value) Z (p value) Z (p value)

Age 28.2+8.4 248 +4.9 279+9.7 0.097 - - -

Total PA (MET) 39.2+£122.9 1630.3+680.7 6074.4 + 2993.4 <0.001 —12.053 (<0.001)  —11.255 (<0.001)  —7.845 (<0.001)

WHOQoL physical 40.6 £ 10.9 475 +£16.1 49.3+11.9 <0.001 -3.448 (0.001) -4.484 (<0.001)  -0.063 (0.950)

domain score

WHOQoL psychological 41.6+12.3 57.4+£11.3 60.6 + 10.1 <0.001 -6.578 (<0.001) -6.858 (<0.001)  -1.102 (0.270)

domain score

WHOQoL social 435+ 11.3 62.4 +21.6 64.6 + 13.1 <0.001 -5.882 (<0.001)  -7.270 (<0.001)  —-0.816 (0.415)

domain score

WHOQoL environmental 41.0+ 135 53.4 £16.2 55.6 £ 15.6 <0.001 -4.894 (<0.001) -4.816 (<0.001)  -0.504 (0.614)

domain score

WHOQoL total score 166.7 + 38.2 221.6 +49.9 230.1 +34.9 <0.001 —6.057 (<0.001) -6.966 (<0.001)  -0.441 (0.659)

Data are presented as mean + SD. HEPA, health enhancing physical activity; IG, inactive group; MA, minimally active; MET, metabolic equivalent of task; PA, physical activity;

WHOQOL, World Health Organization Quality of Life.
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TABLE 2 | Coefficients showing the strength of the association between PA and the WHOQOL domain scores for the sample recruited (n = 216).

Variables Total walking activity Total moderate-intensity Total vigorous-intensity Total sedentary time Total PA (MET)
(MET) activity (MET) activity (MET)

WHOQoL physical domain score 0.196™ 0.170* 0.187* 0.006 0.232**

WHOQoL psychological domain 0.401** 0.354** 0.264* 0.201* 0.418**

score

WHOQoL social domain score 0.422* 0.312** 0.242* 0.025 0.407**

WHOQoL environmental domain 0.265** 0.249** 0.141* 0.042 0.263**

score

MET, metabolic equivalent of task; PA, physical activity; WHOQOL, World Health Organization Quality of Life. *p < 0.05, **p < 0.001.

More in-detail, moderate correlations were observed between  understand the relationship between PA levels and perceived
low- and moderate-intensities and psychological and social QoL during the confinement measures and after their lifting.
domains. Previous studies have reported positive relationships From the present findings, we can conclude that there is
between moderate to vigorous PA and several SF-36 domains  an association between PA levels and perceived QoL during
in participants attending a behavior change service within  the confinement period and the COVID-19 outbreak. If
primary care, with these domains including: (a) general longitudinal studies replicate our data, PA with light-, moderate-,
health and vitality, (b) physical functioning, and (c) the and vigorous intensities can be well recommended as an
role of physical activity (Blom et al, 2019). Light PA was  important method to improve QoL and to decrease/counteract
also associated with the aforementioned domains and the the negative psychosocial effects of confinement. However,
emotional sphere (Blom et al.,, 2019). This is not surprising, based on the above-mentioned limitations, along with the
since a lot of studies showed the beneficial effect of light, impact that disease-caused confinement has on people physically
moderate, and vigorous physical activities on all QoL domains  and psychologically, further research in the field is
(Gillison et al., 2009; Gill et al., 2013). urgently warranted.
Regarding the correlation between PA and QoL domains,
in our study, total PA, total walking activity, total moderate-
intensity PA, and total vigorous-intensity PA were positively DATA AVAILABILITY STATEMENT
correlated with all QoL domains in both males and females.
These findings are in agreement in part with Nakamura et al.  The datasets presented in this article are readily available from
(2014), who reported that leisure-time PA, moderate-intensity ~ the corresponding author (maamer2011@hotmail.fr).
PA, and vigorous-intensity PA were associated with physical
health domains. Moderate intensity and total activity leisure-
time PA were also correlated with mental health in men ETHICS STATEMENT
(Nakamura et al., 2014). Van den Berg et al. (2008) reported
that only vigorous-intensity PA was associated with the physical ~ The studies involving human participants were reviewed and
and mental health domains in workers. However, our study approved by local institutional ethical approval provided for
showed large correlations between psychological and social  this study, which was conducted in accordance with the 1964
domains and all intensities of PA. In addition, a previous study ~ Declaration of Helsinki. Written informed consent to participate
reported that light-intensity of PA was positively correlated in this study was provided by the participants’ legal guardian/
with psychological health and social relationship domains in  next of kin.
healthy participants (Mourady et al., 2017). These studies and
the current investigation support the latest guidelines issued
by the WHO suggesting that people attain 150 min of moderate-  AUTHOR CONTRIBUTIONS
intensity, 75 min of vigorous-intensity PA per week, or a
combination of both to improve health, well-being, and QoL  All authors: conceptualization and methodology. MS and AP:
during the confinement. software. All authors: validation and formal analysis. MS:
Despite its novelty and methodological rigor, the present investigation and resources. MS and AP: data curation. All
study is not without any limitations that should be properly  authors: writing, original draft preparation, review and editing,
acknowledged. The major limitation is given by the sampling and visualization. DT: supervision. NB: funding acquisition.
approach, which calls up for caution when interpreting and  All authors contributed to the article and approved the
generalizing the results. A further drawback is represented by  submitted version.
the study design that being cross-sectional does not allow causal
inferences to be drawn from the data. Given the preliminary
nature of the present report, further research is needed to conirm  ACKNOWLEDGMENTS
our conclusions among different populations, using representative
samples. In particular, longitudinal studies are needed to better =~ Authors thank the participants to the study.
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WHEN COVID-19 EXACERBATES ANOTHER PANDEMIC:
PHYSICAL INACTIVITY

A pandemic called COVID-19 has spread worldwide in the first months of 2020. Several measures
have been taken by mostly affected countries to contain the virus outbreak, from social distancing
to closing social and commercial activities. Also, sports dynamics has been dramatically impacted
by this pandemic, with training and competitions canceled and no clear hypotheses on the expected
restart dates. The International Olympic Committee even postponed Tokyo 2020 Olympics to 2021,
with lots of consequences on athlete’s preparation and mental focusing. Long-distance runners have
seen canceled or postponed all the spring races, included the Major Marathons, and associated
economic sequalae are real.

This pandemic could potentially have a huge impact not only on elite athletes’ preparation for
the Olympics, but also for global health. In fact, the impossibility to engage in regular activities
(e.g., school, work, fitness facilities) and utilize community resources (e.g., parks, playgrounds,
walking trails) have caused a sharp reduction in the levels of physical activity, and has upended
western societies lifestyles. In turn, this may result in a substantially increased risk of developing
cardiovascular and metabolic diseases. Indeed, physical activity is associated with reduced risk of
mortality and incident cardiovascular and metabolic diseases in all regions of the world, with no
indication of a ceiling effect for higher doses. Therefore, the scientific community rated physical
activity as a low-cost approach to reducing deaths and cardiovascular disease that is applicable
globally with potential large impact (Lear et al., 2017).

POOR MENTAL HEALTH AND PHYSICAL INACTIVITY: TWO HITS
FROM COVID-19

Other factors, such as fear of social contacts and the inability to carry out group activities, could
contribute to physical inactivity even once community resources will be reopened. Hence, the
prevalence of physical inactivity may rise tragically in the upcoming months, as the social distances
measures are expected to be extended at least until summer or autumn. To the best of our
knowledge, no studies assessed the long-lasting effect of such a pandemic on physical activity
behaviors. However, previous research has assessed the persisting effect of natural disasters on it.
As an example, following the 2011 earthquake and tsunami in East Japan, Okazaki and colleagues
(Okazaki et al., 2015) reported a significant decrease in physical activity up to 3 years following
the disaster.

The evidence base for the relationship between physical activity and mental well-being is
well-established (Mason and Kearns, 2013). A large body of literature has consistently shown
that physical activity is positively associated with increased mental well-being (Bize et al,
2007; Cerin et al, 2009). In a recent review on psychological impact of quarantine periods,
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Brooks and colleagues compared post-traumatic states such as
stress, depression, and confusion, with experiencing epidemic
outbreaks (Brooks et al., 2020). Therefore, a COVID-19-
associated reduction in physical activity could impair physiology
as well as generate worrying effects at psychological and
psychosocial level (Harris, 2018).

AN ALTERNATIVE RESPONSE TO THE
OUTBREAK

Sustained physical inactivity and sedentary behaviors are
typically accompanied by poor physical and mental health and
increased disease-specific and all-cause mortality risk (Booth
et al., 2017). Even brief periods of exposure to these behaviors
can be deleterious; for example, a 2-week reduction in daily steps
from ~10,000 to ~1,500 steps led to impaired insulin sensitivity
and lipid metabolism, increased visceral fat and decreased fat-free
mass and cardiovascular fitness in healthy adults (Krogh-Madsen
et al., 2014).

Despite acknowledging the tremendous impact of COVID-
19 emergency, the authors would like to highlight potential
long-term effects of a sedentary lifestyle that could even cause
worse consequences than the infection itself. In this regard, the
spread out of the COVID-19 has been greater in the high-income
countries, that have at the same time the highest prevalence of
physical inactivity (WHO, 2016). A further increase in physical
inactivity could have potential drastic effects not only in the
onset of cardiovascular and metabolic diseases, but also, in the
long-term trends, in sport- performances and results.

SOCIOCULTURAL AND LIFESTYLE HABITS
COULD PRESERVE METABOLISM AND
LEAD TO OLYMPIC MEDALS

Long-distance athletics could be a mirror of this situation and
the dominance of east-African runners at the Olympics and
World Championships during the last years provides hints in a
global health prospective. In the top-50 all-time performances
of the track distance events (from 800 m upward), east Africans
men and women passed from 11.4% in 1989 to 61% in 2019,
mostly Kenyans, Ethiopians and, even recently, Ugandans. The
dominance in the top 50 middle- and long-distance races
reflected a spurt in the number of medals at the Olympics and
World Championships (Tucker et al., 2015). On the other side,
the increase in middle- and long-distance athletics medals at the
Olympics and World Championships by Africans athletes was
paralleled by the decrease of Europeans’ ones, from 1983 (i.e., the
first edition of the World Championships) onwards (Figure 1).
The association between physical performance in long-
distance athletics competitions and global health prospective
finds supports in the 2016 report of the World Health
Organization (WHO, 2016). This report showed that the
prevalence of insufficient physical activity rises worldwide
according to the level of income: high income countries had more
than doubled this prevalence compared to low income countries
for both men and women (i.e., 32 and 42% of insufficient physical

activity in high income compared to 13 and 19% in low income
countries, respectively, for men and women). Specifically, if we
look at the physical inactivity levels in the east Africa and in
particular in Kenya, official reports show a strong difference
between children from urban and rural areas, where successful
Kenyan runners were born and raised (Onywera et al., 2016).
The average levels of children’s physical activity in some regions
of Kenya are well-above the recommended threshold of 60 min
of daily moderate-vigorous physical activity, with more than
150 min spent in free-living physical activity (Ojiambo et al,
2013). Conversely, in western countries more than 80% of
adolescents do not reach the claimed minimum level. Moreover,
while 13.1% of children of urban areas spend more than 11 h per
week playing screen games, instead 62.5% of the children of rural
areas spend no time in these activities (Onywera et al., 2012).
Increased urbanization in high income countries has resulted in
several negative environmental factors such as violence, high-
density traffic, low air quality, pollution, lack of parks, sidewalks,
and sports/recreation facilities (Manferdelli et al., 2019). This
may discourage participation in physical activity along with
making adults resistant to leave children play freely outside.
Interestingly, while the levels of physical activity are decreasing
among children and adults in high income countries and in urban
areas, the bound between cardiorespiratory fitness and high levels
of physical activity is seemingly reinforced in those emergent
countries where fortunate endurance performances are registered
(Santos-Lozano et al., 2017).

As this gap is growing further when comparing low- and
high-income countries, the next Olympics might confirm east
Africans as the favorites for medals in long-distance athletics
races. Moreover, the Olympic races show only a part of the
phenomenon as, in these events, the number of athletes for
each nation is limited to three, thus allowing athletes from other
nations to place themselves in prominent positions although their
overall rank is lower. As an example, in the 2019 men’s marathon
lists, the first athlete not born in east Africa is ranked 34th
whereas the first athlete born outside of Africa is ranked 45th.

Only by changing some modern detrimental habits and
putting again physical activity as pivotal in our lifestyles, we
might be able to revert this negative trend, for which high income
countries increase exponentially metabolic and cardiovascular
diseases while they reduce competitiveness in endurance events.

CONCLUDING REMARKS

Results and performances are not only “sports outcomes,” but
also offer an ideal context for understanding deep socio-cultural
processes rooted in the development of a country. The lack
of a date for the next Olympics is certainly a sports problem,
but could have a translation in what is around the world of
sport: the example of athletics long-distance events are a clear
indicator of how a healthy lifestyle can allow a country to remain
at the top of the sport for decades, generating benefits for the
health system. As early-life high levels of maximum aerobic
capacity are linked to protection from coronary heart diseases
(Batty and Lee, 2004), they likewise introduce a sociocultural
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factor that is determinant, amongst the others, for the success
in running competitions. Beyond the extraordinary athletic
aptitudes, the strong psychological motivation to succeed is
the discriminating factor for any-country runners (Wilber and
Pitsiladis, 2012). On the other hand, watching athletes from
your country winning medals in international competitions can
be a strong incentive to physical activity. In this sense, the
Olympics are the fundamental engine of a champion emulation
process which lays the foundations for a growth of a national
sports movement and, consequently, an increase in the level of
physical activity of the nation (Thomas et al., 2019). Elite sport
has the potential role to be the psychosocial driving force in
pushing the population through a regular practice of physical
exercise. We urge public health authorities and community at
large not to leave sport at the short end of the stick in this
emergency, considering the long-term deleterious effects that a
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Changes in Diet, Sleep, and Physical
Activity Are Associated With
Differences in Negative Mood During
COVID-19 Lockdown

Joanne Ingram’, Greg Maciejewski’ and Christopher J. Hand?*t

7 School of Education and Social Sciences, University of the West of Scotland, Paisley, United Kingdom, ? Department
of Psychology, Glasgow Caledonian University, Glasgow, United Kingdom

The United Kingdom and Scottish governments instigated a societal lockdown in
response to the COVID-19 pandemic. Subsequently, many experienced substantial
lifestyle changes alongside the stresses of potentially catching the virus or experiencing
bereavement. Stressful situations and poorer health behaviors (e.g., higher alcohol
consumption, unhealthy diet, poorer sleep quality, physical inactivity) are frequently
linked to poor mental health. Our objective was to examine changes in health behaviors
and their relationship with negative mood during COVID-19 lockdown. We also
considered associations between health behaviors and socio-demographic differences
and COVID-19-induced changes. 399 participants completed a questionnaire asking
about their personal situation and health behaviors during lockdown as well as a
negative mood scale. The significance threshold for all analyses was o = 0.05. Poorer
diet was linked to more-negative mood, and to changes to working status. Poorer sleep
quality was linked with more-negative mood, and with ‘shielding’ from the virus. Being
less physically active was related to more-negative mood and student status, whereas
being more physically active was linked to having or suspecting COVID-19 infection
within the household. Increased alcohol consumption was linked to living with children,
but not to negative mood. Changes to diet, sleep quality, and physical activity related to
differences in negative mood during COVID-19 lockdown. This study adds to reports on
poor mental health during lockdown and identifies lifestyle restrictions and changes to
health behaviors which may, to some extent, be responsible for higher negative mood.
Our data suggests that it is advisable to maintain or improve health behaviors during
pandemic-associated restrictions.

Keywords: COVID-19, lockdown, diet, sleep, physical activity, alcohol, mood, mental health

INTRODUCTION

Lockdown conditions, arising from the developing COVID-19 situation, were introduced across
the United Kingdom on 23rd March 2020. Residents of Scotland spent a total of 66 days under
the most restrictive lockdown conditions, with these being eased to some extent on 28th May
2020". The threat of contracting COVID-19 is an on-going stressor, though personal circumstances
regarding work and home life may significant influence how individuals cope.

' With the exception of outdoor exercise which became unrestricted on 11th May 2020.
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Restrictions and lifestyle changes during lockdown have
been associated with poorer psychological wellbeing. Reduced
social contact, feelings of isolation, and fear of contracting
or spreading dangerous viruses have been historically linked
to poor wellbeing (Bai et al., 2004; Hawryluck et al., 2004;
Cacioppo and Hawkley, 2009; Chen and Feeley, 2014). Time
spent in quarantine during previous disease outbreaks has been
shown to have negative psychological effects (Brooks et al,
2020). Psychological symptoms (stress, anxiety, depression)
have been shown to rise in tandem with time spent in
lockdown (Ozamiz-Etxebarria et al, 2020). Lopez-Bueno
et al. (2020) proposed that poorer psychological wellbeing
and mental health during COVID-19 lockdown is associated
with health behaviors such as alcohol consumption, diet,
sleep, and physical activity. We therefore examined the

relationships ~ between  socio-demographic  circumstances
(e.g., living arrangements), COVID-induced changes in
circumstances (e.g., changes to working arrangements,

shielding), and changes in health behaviors. We also considered
how changes to health behaviors related to negative mood,
and we monitored changes in negative mood as lockdown
restrictions eased.

Alcohol Change United Kingdom reported that individuals
were drinking differently during the COVID-19 pandemic
(Alcohol Change UK, 2020). In Scotland specifically, whilst 29%
of drinkers surveyed reported that they had been drinking more-
often since the beginning of lockdown, the same percentage
reported they were drinking less-often (Alcohol Focus Scotland,
2020). Whilst there is evidence to suggest that alcohol-dependant
individuals drink to alleviate negative emotional states (Koob,
2011), the relationship between emotional experience and
alcohol in social drinkers is less-clearly defined (Sayette, 2017).
Poor mental health has consistently been reported in abusive
(Pottenger et al., 1978; Grant and Harford, 1995; Schuckit, 2006)
and social drinkers (Birnbaum et al., 1983; Parker et al., 1987;
Jones et al., 2007), and drinking alcohol has been associated with
negative mood (Howland et al., 2010; Alford et al., 2020). In our
study we focused specifically on changes to drinking behavior and
examined links between these changes, socio-demographic and
COVID-induced change circumstances, and negative mood.

Heightened life stress has been linked to unhealthy eating
(Greeno and Wing, 1994; Ball and Lee, 2000), and stressed people
are more likely to crave food high in energy, fats, and sugars
(Steptoe et al., 1998; Wardle et al., 2000). Thus, it was expected
that stressful changes and restrictions to daily life would lead
to less-healthy eating habits. Research has already demonstrated
poorer diet in children during COVID-19 lockdown (Pietrobelli
et al,, 2020), although other sources suggest that eating habits in
adults have not changed or may even have improved for some
(NL Times, 2020). Potential links between diets high in processed
and sugary food and poor mental health have been reported
(Jacka et al., 2010).

Stress has also been implicated in poor sleep quality and
disrupted sleep (see Sanford et al., 2014 for a review). The
COVID-19 pandemic has been linked to poor sleep quality in
China (Xiao et al., 2020) and Italy (Casagrande et al., 2020), with
over half of Italian respondents experiencing poor sleep quality.

However, in Spain, the quality of respondents” sleep seemed to
improve as the lockdown progressed (Lopez-Bueno et al., 2020).
Critically, poor sleep quality has been linked to negative emotions
and mood (see Baglioni et al., 2010 for a review).

Initial United Kingdom restrictions allowed leaving the house
for exercise once per day, and facilities usually available for
physical activities were closed. Lower rates of physical activity
have been associated with feelings of social isolation (Robbins
et al, 2018; Werneck et al., 2019), which may already be
exacerbated by other restrictions of lockdown. It has been well-
documented (see Landers and Arent, 2007 for a review) that
physical activity is beneficial for mental health and wellbeing,
and it would be assumed that any restrictions to physical
activity would lead to poorer wellbeing. However, studies in
Italy (Di Renzo et al, 2020) and Spain (Lopez-Bueno et al,
2020) suggest that most individuals were increasing their physical
activity levels during lockdown, which may be one of the ways
of maintaining healthy behaviors and mitigating the negative
impact of lockdown on mood and wellbeing.

Within the current study, we examined the associations
between socio-demographic factors and COVID-induced
changes, and health behaviors (changes in alcohol consumption,
diet, sleep, and physical activity). We hypothesized that those
who have experienced more restrictions or greater lifestyle
changes would have increased incidence of change toward poor
health behaviors (increased alcohol consumption, unhealthier
diet, poorer sleep quality, and decreased physical activity). We
considered how changes and differences in these behaviors
related to mood. We predicted that those with changes toward
poorer health behaviors would show higher negative mood. We
also tracked changes in negative mood over three time points. At
timepoint one, Scotland was under strict lockdown conditions
where leaving the house was allowed for necessary work, to shop
for essentials, and for unrestricted exercise. At timepoint two —
two weeks later — restrictions had eased to allow meeting outside
with one other household. At timepoint three - a further two
weeks later — additional easing had taken place; meeting with two
households was allowed outdoors and some people (e.g., those
living alone) could form extended households. Restrictions to
those in the shielding group (individuals who were completely
isolating due to high risk) were also lifted around timepoint
three. We hypothesized that this easing of lockdown restrictions
would be associated with gradual improvements in mood.

MATERIALS AND METHODS

Participants and Recruitment

Based on the work of Schonbrodt and Perugini (2018),
anticipated small-to-medium effect sizes for F-tests, and an
estimated Scottish adult population of approximately 4.3 million
(National Records of Scotland, 2020), a target sample size
between 250-430 was identified. 399 participants (56.4% female,
41.9% male, 1% non-binary, and 0.8% transgender) of various
ages (range: 18-72 years, Myge = 32.4, SDyge = 11.4) completed
the study. All were recruited through convenience sampling via
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Prolific Academic?; the sample consisted of the first 399 Prolific S
Academic users who identified as Scottish nationals/long-term S o
residents (0.5-72 years; Myesidence = 29.0, SDiesidence = 12.2).
98.2% of the participants identified themselves as Caucasian,
1.5% as Asian, and 0.3% as Armenian. 315 of the 399 participants 5 N
completed additional mood ratings in Week 3. 275 out of the 399 3 .8 3 . § 3
participants completed the ratings in Week 5. § § § & § :Sr 2 E
Table 1 presents a summary of key demographics. < T g7 2 5
Additionally, 27.3% and 8.5% of the sample had a child/children 2 =
living in the same or a different household, respectively. 9.5% of
the participants worked in the health/social care sector.
@ IS = IS IS
Exposure to COVID-19 § 232 823 §28 e
12.8% of participants suspected they had had COVID-19, 1% % S é 3 é 2 E 5 3 5 B J
confirmed they had tested positive. 8.0% of participants reported SR © S &
they had lived with someone who suspected or had COVID-19
(half of whom suspected/had it themselves). 4.8% of participants
had experienced bereavement due to COVID-19. 15.3% of -2 - N
participants reported that they were included in the shielding 2 2 & ¥ § ° g 8 ?gu 8 % 8 %) °
group, or a list of patients who were at high-risk of developing E3sd g Sgr2d e S 3
complications from COVID-19 due to pre-existing conditions © o 3 < X
(e.g., cancer, immunodeficiency). h
Materials and Procedure s
The study received ethical approval from the School of Education N %
and Social Sciences, University of the West of Scotland Ethics - s & T o 3
Committee, following World Medical Association (2013) and g § £ § © gi £ 28 3 £ S 2 3 g
British Psychological Society (2014) protocols. Participants T3 352 3x4d 0380 §':
provided electronic informed consent prior to the study. = ®° 2 2 s £ 2 5
The study consisted of a questionnaire followed by a 3 s
negative mood scale, both designed in Gorilla>. The first %
section of the questionnaire gathered the data presented
in Table 1. The next section included yes-no questions on
whether participants tested positive or suspected they had T
had COVID-19, lived with someone who tested positive or T 2 q‘g)
suspected they had had COVID-19, suffered bereavement as é’, a IPEE B § o & . Eg o F e
a result of COVID-19, and whether they were included in s % g % g ?\0 8 3 S :CE ES E‘g T & g ?3 8 é
the shielding/vulnerable group. The third section included g5 Soeghtse gy g g
questions on how often participants would go out in public by § S
(and for what reasons), communicate with individuals &
from a different household (and how), and exercise in an
average week during lockdown. We also included an 18-
item multiple-choice checklist for participants to indicate \g ®
how they spent time outside of working hours (e.g., exercise, 3 5 . § 3
reading books, gaming, online shopping), with an option to list i =8 § L8 5 288 ’é £ EE g 558
additional activities. 2 ® 58 R % 85 Q £ RSao8 e
o T < [ing
Changes in Health Behaviors g g S
. . .. . S 3
In this section, participants rated changes to their alcohol S
consumption, diet, sleep quality, and physical activity during %;z
COVID-19 lockdown. A 5-point scale was used for all four 8 °
(alcohol: 1 = “drinking a lot more”, 3 = “about the same”, 5 = “alot % E g
less”; diet: 1 = “alot more unhealthy”, 3 = “about the same”, 5 = “a ks & @ S
lot more healthy”; sleep: 1 = “a lot worse”, 3 = “about the same”, & 3 2 o g £
;2 5 & £ 5 2 : 5 B
2https://prolific.co a | £ B S 2 B 8 -l S =Y
3https://gorilla.sc/ 3 S S ] ¢ £ 73 uEJ IE
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5 = “a lot better”; physical activity: 1 = “a lot less”, 3 = “about
the same”, 5 = “a lot more”). The number and percentage of
participants providing each rating can be seen in Table 2.

Negative Mood Score

We selected 10 negative items from Grove and Prapavessis
(1992) abbreviated Profile of Mood State (POMS) scale,
with two items taken from each of the five sub-dimensions
of Confusion (forgetful, unable to concentrate), Tension
(anxious, uneasy), Depression (helpless, sad), Fatigue (exhausted,
worn out), and Anger (angry, annoyed). The abbreviated
POMS scale has a mean subscale inter-correlation of 0.58
(0.53-0.67), mean subscale internal consistency (Cronbach’s
a) of 0.80 (0.66-0.80), and clear validity (winner-loser
differences p < 0.001). Total mood disturbance in the
POMS is calculated by summing the scores on the negative
subscales and subtracting the positive subscale; however,
in the present study we used only the negative subscales.
At each time point, participants in our study rated their
mood on each of the 10 adjectives at that point in time
using a 100-point slider scale, with higher scores indicating
greater negative mood. For the current data set, a Cronbach’s
a = 091 was observed for Negative Mood Score (NMS;
Nitems = 10), and the five subscales ranged from o = 0.69-0.89
(M, = 0.85).

Data Analysis

Prior to inferential analysis, online survey responses were
checked for completeness. Participants who identified
as non-drinkers were excluded from analyses involving
changes in alcohol consumption. A series of Pearson’s
chi-square (x?) analyses were conducted to explore the
associations between socio-demographic factors and COVID-
19 induced change on changes in health behaviors. A series
of Spearman’s correlations conducted to analyze
relationships between changes in health behaviors - positive
correlations represented ‘positive’ changes in the health
behaviors (reduced alcohol consumption, healthier diet,
better sleep, more physical activity). A series of univariate
Analyses of Variance (ANOVAs) were conducted to explore
the relationship between changes in health behaviors and
isolation history on negative mood. All assumptions were met
(e.g., expected frequencies, normality and equality of variance).
Our significance threshold was a = 0.05, and corrections

were

associated with follow-up comparisons are identified within the
Results section.

RESULTS

Socio-Demographic Circumstances,
COVID-19 Induced Change, and Health

Behaviors
Analyses are summarized in Table 3 below, and significant
associations are explored in detailed below.

Alcohol

Analyses revealed that there was a significant association between
whether or not the participants had children in their household
during lockdown and their alcohol consumption [y 2(4) = 10.474,
p = 0.033]. For those with children at home, there were more
participants than expected drinking “a lot more” (10 vs. 5.8), and
fewer than expected drinking “a lot less” (9 vs. 15.1); for child-
less participants, there were fewer participants than expected
drinking “a lot more” (12 vs. 16.2) and more participants than
expected drinking “a little less” and “a lot less” (30 vs. 26.4 and 48
vs. 41.9, respectively).

Diet

Analyses revealed that there was a significant association between
a change in work-status and a change in diet [x2(4) = 9.768,
p = 0.045]. For those whose work-status had changed, more
participants than expected reported that their diet was “a
little more unhealthy” (42 vs. 33.7), and fewer participants
than expected maintained the same diet (28 vs. 40.9); for
those participants reporting no change in work-status, fewer
participants than expected reported that their diet was “a little
more unhealthy” (61 vs. 69.3), and more participants than
expected had maintained their pre-lockdown diet (97 vs. 84.1).

Sleep

Analyses revealed that there was a significant association between
shielding status and lockdown changes in perceived sleep quality
[x3(4) = 13.200, p = 0.010]. With respect to shielding group
participants, a greater number of participants than expected
were sleeping “a lot worse” (22 vs. 12.4), and fewer shielding
participants than expected maintained their pre-lockdown
sleeping pattern (13 vs. 18.9); in contrast, fewer non-shielding

TABLE 2 | Frequency and percentage of participants providing each health behavior rating.

Alcohol Diet Sleep Physical activity
Change N % Change N % Change N % Change N %
A lot more 23 5.8% A lot more unhealthy 51 12.8% A lot worse 85 21.3% Alot less 99 24.8%
A little more 118 29.6%  Alittle more unhealthy 112 28.1%  Alittle worse 124 31.1% Alittle less 90 22.6%
Same 76 19.0% Same 136 34.1% Same 124 31.1% Same 67 16.8%
A little less 41 10.3% A little more healthy 75 18.8% A little better 47 11.8% A little more 94 23.6%
Alot less 60 15.0% A lot more healthy 12 6.3% A lot better 19 4.8% A lot more 49 12.3%
Non-drinkers 81 20.3% - - - - - - - - -
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TABLE 3 | Associations between socio-demographic circumstances, COVID-19 induced change, and health behaviors.

Changes in Alcohol Consumption Diet Sleep Quality Physical Activity
x2 df P x2 df p x2 df p x2 df P

Child(ren) at home 10.474 4 0.033 5.913 4 0.206 2.894 4 0.576 3.916 4 0.418
Student status 13.279 8 0.103 12.480 8 0.131 10.987 8 0.202 19.481 8 0.012
Work status change 3.552 4 0.470 9.768 4 0.045 7.609 4 0.107 1.849 4 0.763
COVID-19 (Selfy 0.981 4 0.913 1.166 4 0.884 1.697 4 0.791 0.926 4 0.921
COVID-19 (Household) 1.221 4 0.875 1.572 4 0.814 5.011 4 0.286 12.055 4 0.017
Shielding status 6.439 4 0.169 2.420 4 0.659 13.200 4 0.010 5.696 4 0.223
Vulnerability status 6.859 4 0.144 4.666 4 0.323 8.440 4 0.077 7.953 4 0.093
Self-isolation status 1.652 4 0.799 3.906 4 0.419 3.877 4 0.423 6.200 4 0.185

Significant p-values (one-tailed) highlighted in bold.

participants than expected were sleeping “a lot worse” (54 vs.
63.6), and more non-shielding participants than expected had
maintained their pre-lockdown sleeping pattern (103 vs. 97.1).

Physical Activity

Analyses revealed that there was a significant association between
student-status and changes in activity levels [x?(8) = 19.481,
p = 0.012]. The pattern of observed vs. expected effects reveals
that this is an association marked by general decline in activity.
For full-time students, a greater number than expected reported
being “a lot less” physically active (15 vs. 10.7), but fewer
than expected reported being “a little less” active (17 vs. 21.6);
for non-students, fewer participants than expected reported
being “a lot less” physically active (29 vs. 32.5), but more
than expected reported being “a little less” active than pre-
lockdown (72 vs. 65.6).

Analyses also revealed an association between household
COVID-19 infection status and activity level changes
[x3(4) = 12.055, p = 0.017]. For participants who had/suspected
a case of COVID-19 infection within their households, more
participants than expected reported being “a lot more” physically
active than pre-lockdown (14 vs. 7.2), and less than expected
reported being “a little more” active (3 vs. 6.3); for participants
who had/suspected no cases in their household, more participants
than expected had maintained their activity or were “a little more”
active (58 vs. 54.3 and 77 vs. 73.7, respectively), but fewer than
expected were “a lot more” active (77 vs. 83.8).

Relationships Between Changes in

Health Behaviors

Analyses revealed a moderate positive correlation between
changes in alcohol consumption and diet (rs = 0.299, p < 0.001),
and a smaller positive relationship between alcohol consumption
and physical activity level (rg= 0.132, p = 0.006). There was
no linear relationship between changes in alcohol consumption
and changes in perceived sleep quality. There was a small
positive correlation between changes to diet and perceived
sleep quality (rs = 0.187, p < 0.001), and a moderate positive
correlation between changes in diet and changes in physical
activity (rs = 0.354, p < 0.001). Finally, there was a small positive

correlation between changes in sleep quality and changes in
physical activity (rs = 0.191, p < 0.001).

Health Behaviors and Negative Mood

Score

ANOVAs across mood subscales are summarized in
Supplementary Material 1 and Supplementary Table Al.
Only total Negative Mood Score (NMS) will be discussed in
detail. Post-hoc comparisons were conducted using Hochberg’s
GT2 adjustment to account for differences in group sizes. Post-
hoc comparisons are summarized in Supplementary Material 2
and Supplementary Table A2, and illustrated in Figure 1.

Alcohol
There was a no significant differences in NMS relating to changes
in alcohol consumption [F(4,313) = 2.207, p = 0.068, npz =0.027].

Diet

There were differences in NMS relating to changes in diet during
lockdown [F(4,395) = 6.745, p < 0.001, npz = 0.064]. Post-hoc
tests revealed that those with a much unhealthier diet during
lockdown had greater NMS than those whose diets were the
same (p = 0.001) or had improved a lot (p = 0.002). Those
participants whose diet had only changed a little for the worse
still reported greater NMS than those who had maintained the
same diet (p = 0.014) and those who had a much-improved diet
(p = 0.022) as before lockdown.

Sleep

There were clear differences In NMS relating to changes in
perceived sleep quality during lockdown [F(4,395) = 13.831,
p < 0.001, np? = 0.123]. Post-hoc tests revealed that those
reporting that their sleep was much worse had greater NMS than
all other groups (all p’s < 0.05), and those whose sleep was only
a little worse during lockdown still had greater NMS than those
whose sleep had been unaffected by lockdown (p < 0.001).

Physical Activity

There were difference in NMS relating to changes in physical
activity during lockdown [F(4,395) = 5.321, p < 0.001,
np? = 0.051]. Post-hoc tests revealed that those who were doing
much less activity had greater NMS than those whose activity
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FIGURE 1 | Mean negative mood score by health behavior.
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levels has stayed the same (p = 0.010) or improved a little
(p=0.013) or alot (p =0.001).

Isolation
There was a clear difference between whether or not participants
had isolated or not during lockdown and NMS [F(1,397) = 8.818,
p = 0.003, npz = 0.022]. Participants who had self-isolated
reported higher NMS (Mnas = 421.25, SDyps = 205.05) than
those who had not isolated (Myps = 359.15, SDnps = 208.50).
We considered that there might have been an interaction
between someone’s isolation status, health behaviors and NMS.
We conducted a series of two-way between-subjects ANOVAs,
and found no evidence for interactions between isolation status
(yes, no) and changes in health behaviors on NMS (all Fs < 1.763,
all p’s > 0.136). These two-way ANOVAs returned consistent
main effects of health behaviors and isolation group on NMS
as the univariate ANOVAs summarized in Supplementary
Material 1 and Supplementary Table Al.

Changes in Mood Over Time

We examined whether the gradual easing of lockdown
restrictions across the three time points (Weeks 1, 3, and
5) had any impact on participants’ mood states. Total NMS
from 275 participants who completed all the time points were
analyzed using an ANOVA with Time as a within-participants
factor. The results showed that Time had a significant impact on
NMS [F(2,548) = 31.99, p < 0.001, npz = 0.110]. We followed
this up with pairwise comparisons (Bonferroni corrections)
which revealed higher scores (i.e., more-negative mood) in

Week 1 (M = 374.51, SD = 205.72) than Week 3 (M = 300.61,
SD = 201.08; p < 0.001) but comparable scores in Weeks 3 and 5
(M =306.29, SD = 215.96; p = 1). This suggests that participants’
mood states improved as a result of easing lockdown restrictions,
albeit only in the early stages of the process.

DISCUSSION

This study has identified associations between socio-
demographic factors, COVID induced change and health
behaviors, and differences in negative mood dependent on
changes to health behaviors. With the exception of alcohol
and sleep, health behaviors were inter-related. Changes in
diet, sleep, and physical activity had the clearest link to
negative mood states.

Given previous links between mental health, mood, and
alcohol (Birnbaum et al., 1983; Parker et al., 1987; Howland
et al,, 2010; Alford et al,, 2020), it was predicted that those
who were drinking more during lockdown would have higher
negative mood scores. This prediction was not borne out in the
analysis. Whilst changes in alcohol consumption were correlated
with changes in other health behaviors (with the exception
of sleep), it is not possible to associate better mood with a
reduction in alcohol consumption during COVID-19 lockdown.
There is some evidence to suggest that for social drinkers,
under certain specific situations, alcohol can have a positive
effect on emotion (Sayette, 2017), hence it is possible that
under the short-term strict conditions alcohol consumption can
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improve the emotional state of some individuals. Overall, more
participants in this study reported increases in drinking behavior
in comparison to previously published data (Alcohol Focus
Scotland, 2020).

Changes in work status were associated with changes
in diet, those who had changed their work status due to
the COVID-19 pandemic reported that their diet had been
unhealthier. It was clear that those with an unhealthier
diet had higher NMS. Poorer mental health has previously
been linked to unhealthy diets (Sdnchez-Villegas et al., 2009;
Jacka et al, 2010; Parletta et al, 2017), and unhealthy diets
have been linked to higher levels of life stress (Greeno and
Wing, 1994; Ball and Lee, 2000). This suggests that COVID-
19 related stress may have led to a change to less-healthy
eating habits which could have led to development of more
negative mood over lockdown. However, the current data
set is limited as no conclusions can be drawn with respect
to the causal relationship between negative mood and the
health behaviors.

Shielding was the only COVID-19-related factor which was
associated with changes in sleep quality. Those who were
shielding during the COVID-19 lockdown were experiencing
poorer sleep quality. As predicted, those who were sleeping more
poorly during the lockdown were also found to have higher NMS.
Links between stress and poor sleep (Sanford et al., 2014) are
consistently reported, and NMS for those experiencing poorer
sleep during this time would suggest complex interplay between
stress, sleep disturbance, and mental health during COVID-
19 lockdown.

Student status was associated with changes in physical
activity, with those studying full-time seeing a greater reduction
in their physical activity. Households where COVID-19 had
been experienced or suspected were associated with a lot
more physical activity, whilst households with no experience
or suspicion of COVID-19 maintained physical activity or
were a little more active. Those who were doing a lot less
physical activity had significantly higher NMS than all other
groups, with the exception of those doing a little less physical
activity. It is clear that a reduction in the level of physical
activity is associated with higher NMS. It is possible that
this reduction is having an influence on participants’ mental
health as being physically active has been shown to improve
mood (Hartescu et al., 2015; Fritz and O’Connor, 2016), and
is positively associated with mental wellbeing (Cerin et al.,
2009). However, it is also possible that those experiencing
high negative mood has reduced participants level of physical
activity, which could support previously seen reduced levels
of physical activity when feeling socially isolated (Robbins
et al, 2018; Werneck et al., 2019). 35.9% of the participants
reported having increased levels of physical activity during
lockdown in comparison to 47.4% of the participants who
had decreased their level of physical activity during lockdown.
These results are in contrast to studies from Italy (Di Renzo
et al., 2020) and Spain (Lopez-Bueno et al, 2020) where
participants generally reported an increase in activity during
lockdown. This may reflect a trend for physical inactivity
within Scotland (Murray, 2013). During and after lockdown

periods, we recommend that physical activity - even within
the home (da Cunha de Sa-Caputo et al., 2020; Mattioli et al.,
2020) - and healthy diet should be promoted to combat
sedentary behavior.

Lockdown conditions were associated with higher negative
mood overall. This is compatible with previous research
indicating that reduced, or the perception of reduced, social
contact and health-based fears are related to poor wellbeing
(Bai et al, 2004; Hawryluck et al., 2004; Cacioppo and
Hawkley, 2009; Chen and Feeley, 2014) as well as previous
research on psychological effects of quarantine or lockdown
conditions (Brooks et al., 2020; Ozamiz-Etxebarria et al.,
2020). Our results show that improvement in negative mood
states were found quite quickly after the easing of lockdown
conditions. Differences were found two weeks after lockdown
conditions were relaxed. No further differences were found
two weeks later, but this may reflect the relatively small
differences in lockdown restrictions made during this time.
Data on health behaviors was not collected at later timepoints
for comparison.

Spending time in lockdown conditions has had a negative
impact on mood, and this is in line with previously published
work on the effects of COVID-19 lockdown on mental
health (Ozamiz-Etxebarria et al., 2020). These results add
to the growing body of literature on health and wellbeing
during and after the COVID-19 pandemic and demonstrates
that changes to health behaviors during this time may be
to come extent responsible for poorer mood, anxiety and
depression. However, the impact of these changes may be
transient and persist primarily during the strictest lockdown
conditions. The current study is somewhat limited in that
potential co-variant health factors (i.e., pre-lockdown body-
mass index, smoking / changes in smoking behavior) were not
examined. Our sample - although large and representative —
is somewhat limited in that only active internet users
were recruited; COVID-19 lockdown was ongoing during
recruitment; thus it was impossible to recruit outwith the
online domain.

Future research should focus on establishing more specific
details of the likely bidirectional causal relationship between
poor mental health and changes in health behaviors during
lockdown. Overall results suggest that those who had made small
positive changes were demonstrating less negative mood. It is
then suggested that were lockdown conditions to be reintroduced
due to COVID-19 or another pandemic, wellbeing may be linked
to making small improvements in diet, sleep and physical activity.
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This paper examined the relationship between coaches and youth athletes in China
by comparing data collected before and after the lockdown. A total of 221 youth
athletes aged 13-19 years in one professional football school completed coach-
athlete relationship questionnaires. The rank-sum test was used to verify the differences
in the data. The results of the Mann-Whitney U test showed that mean value of
the three dimensions of the coach-athlete relationship (closeness, commitment, and
complementarity) increased after the COVID-19 lockdown. The results also showed
that athletes of different age categories showed different changes in the coach-
athlete relationship after the lockdown, and the changes were not significantly related
to the severity of the COVID-19 epidemic. The theoretical and practical implications
are discussed.

Keywords: COVID-19, lockdown, coach-athlete relationship, Chinese football school, improvement

INTRODUCTION

COVID-19 is spreading rapidly around the world. To control the spread of the epidemic, countries
with severe outbreaks, such as China, Italy, and the United Kingdom, have adopted different levels
of lockdown measures. Among these, the lockdown measures adopted in China are probably the
most stringent. The lockdown measures have exerted a severe impact on the economy and people’s
lives. Taking China as an example, in the first quarter of 2020, GDP fell by 6.8% in comparison to
the same period of the previous year (National Bureau of Statistics, 2020). In addition to affecting
the economy, the lockdown policy also affects the people. Here, we are concerned with the impact
of the lockdown on youth athletes in a Chinese professional football school. We are curious to
determine whether the coach-athlete relationship has been influenced by the lockdown.

In recent years, researchers have addressed the relationship between coaches and athletes as a
psychological phenomenon (Jowett and Arthur, 2019). This relationship is an essential concept
in sports psychology and has received extensive attention (Horne and Carron, 1985; Philippe
and Seiler, 2006; Yang and Jowett, 2016; Currie, 2019; Jowett and Arthur, 2019; Wachsmuth
et al., 2020). The conceptual model of Wylleman (2000) asserted that the relationship between
coaches and athletes could be defined based on the behavior of coaches and athletes on the
playing field (Wylleman, 2000). LaVoi (2004) described the coach-athlete relationship in a sports
environment as a sense of belonging and noted the possible personal benefits of closeness with
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others (LaVoi, 2004). Poczwardowski and colleagues
(Poczwardowski, 1998; Poczwardowski et al., 2002) proposed the
use of a qualitative research binary framework to study the coach-
athlete relationship, conceptualizing it as a repeating pattern
of mutual care between athletes and coaches (Poczwardowski
et al,, 2002). Jowett and her colleagues defined the coach-athlete
relationship as “a social situation created from the interplay of
their interpersonal feelings, thoughts, and behaviors” (Jowett,
2007; Jowett and Arthur, 2019, 430). In Jowett’s conceptual
model, this relationship was characterized as comprising (a)
closeness, which refers to the emotional bond established
between coaches and athletes, reflected in their mutual trust
and respect, emotional care and support, and interpersonal
communication and appreciation; (b) commitment, which
refers to the cognitive ties between coaches and athletes,
which show that they are willing to maintain a close, long-
term relationship; and (c) complementarity, which refers
to the behavioral connection between coaches and athletes,
expressed as a degree of collaboration and cooperation
(Jowett and Arthur, 2019, 430).

The focus of each conceptual model above is different, but
scholars seem to agree that the coach-athlete relationship
is a mutual relationship between coaches and athletes
(Wylleman, 2000; Poczwardowski et al,, 2002; LaVoi, 2004;
Jowett, 2007). Based on their research, we can propose
an integrated coach-athlete relationship influence model:
personal characteristics, social-cultural sports environment and
relationship characteristics affect feelings (closeness), thoughts
(commitment) and behavior (complementarity) through mutual
communication, which once again influences intrapersonal
outcomes, interpersonal outcomes and team outcomes (Jowett
and Poczwardowski, 2007, 10). Communication is a bridge
and bond between members of the coach-athlete relationship
(Montgomery and Baxter, 1998; Jowett and Poczwardowski,
2007, 11). In other words, communication is the process
of alienation, closeness, or even merging between coaches
and athletes (Montgomery and Baxter, 1998; Jowett and
Poczwardowski, 2007, 11). Communication is the basis for
establishing a harmonious and stable coach-athlete relationship;
in turn, the relationship will also affect communication
(Montgomery and Baxter, 1998; Jowett and Poczwardowski,
2007, 11). Therefore, communication plays a very important
role in the coach-athlete relationship. During the COVID-19
lockdown, the way people (including coaches and athletes)
communicate has changed dramatically (Dalton et al., 2020;
Yu et al,, 2020). Will this extensive change in communication
affect the coach-athlete relationship? This question deserves
further study. Most existing empirical studies have focused
on the antecedent variables (leadership, stress), outcome
variables (burnout, satisfaction), and mediation effects
(achievement goals) of coach-athlete relationships (Isoard-
Gautheur et al., 2016; Thelwell et al., 2017; Davis et al., 2019).
Some scholars have conducted comparative research based
on coach-athlete relationships (Lenzen et al., 2004; Yang and
Jowett, 2012). Existing comparative studies of coach-athlete
relationships have focused on cross-cultural research (Yang
and Jowett, 2012) and cross-sport types (Lenzen etal., 2004).

To the best of our knowledge, no scholars have conducted
comparative research on the coach-athlete relationship
itself as related to the COVID-19 lockdown. To explore
the impact of changes in communication on coach-athlete
relationships, a comparative study of coach-athlete relationships
data before and after the COVID-19 lockdown may be
meaningful and innovative.

Sports psychologists have pointed out that new hypotheses
related to theories are based on researchers’ observations related
to social behavior (Jowett and Poczwardowski, 2007, 7). Such
exploratory research will lead to an increase in our understanding
of the theory (Jowett and Poczwardowski, 2007, 7). To better
understand coach-athlete relationships, it is meaningful to
continue to deepen the research on such relationships under the
significant changes in communication caused by the COVID-
19 lockdown.

MATERIALS AND METHODS

Participants

With the consent of the football school and the participants’
legal guardian/next of kin, two hundred twenty-one male
football players from the school agreed to complete the same
questionnaire survey before the lockdown from January 4-17,
2020 and again after the lockdown on April 17, 2020. The mean
age of the athletes was 15.11 years (Mg = 15.11 years, age
range, 13-19 years, SD = 1.82) before lockdown and 15.47 years
(Mgge = 15.47 years, age range, 13-19 years, SD £ 1.96) after
lockdown. The sample distribution according to age is shown in
Table 4. The regional distribution of participants was as follows:
Anhui 6, Beijing 9, Fujian 2, Gansu 1, Guangdong 6, Guangxi 2,
Hebei 4, Henan 8, Heilongjiang 1, Hunan 7, Jiangsu 5, Jiangxi 1,
Liaoning 8, Ningxia 1, Shandong 113, Shnxi 1, Sichuan 5, Tianjin
3, Xinjiang 9, and Yunnan 5.

Measures

We wused the Chinese version (Yang and Jowett, 2010)
of the Coach-Athlete Relationship Questionnaire (CART-Q),
developed by Jowett and Ntoumanis (2004), in this study. The 11-
item CART-Q was employed to assess athletes’ perceptions of the
quality of the relationship with their coach. This questionnaire
contained four items on closeness (e.g., I respect my coach), three
items on commitment (e.g., I feel committed to my coach), and
four items on complementarity (e.g., When I am coached by
my coach, I feel at ease). A five-point Likert scale was used for
the measures. The Cronbach alpha values of the questionnaire
in this study were as follows: closeness 0.769, commitment
0.723, complementarity 0.668, and the whole scale 0.877 (before
lockdown); closeness 0.763, commitment 0.754, complementarity
0.722, and the whole scale 0.902 (after lockdown). We conducted
a confirmatory factor analysis of the scale, and the results
showed that the scales had appropriate validity indicators
(Eisinga et al., 2013). The results were as follows: KMO = 0.885,
xz/df = 1.842, GFI = 0.942, RMSEA = 0.067, RMR = 0.039,
CFI = 0.968, NFI = 0.934, NNFI = 0.950 (before lockdown);
KMO = 0.908, xz/df = 1.767, GFI = 0.957, RMSEA = 0.062,
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RMR = 0.012, CFI = 0.983, NFI = 0.963, NNFI = 0.966
(after lockdown).
Procedure
This study was carried out in accordance with the

recommendations and ethical guidelines of the Ethical Review
Board of Beijing Jiaotong University JG201905017. The protocol
was approved by the Ethical Review Board of Beijing Jiaotong
University. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. This study was
conducted at a Chinese professional football school that was
closed for 3 months under the COVID-19 lockdown. During
these participants’ time at the school before the COVID-19
lockdown, coaches were responsible for the cultivation of
football skills among the youth players. To improve training
efficiency and effectiveness, coaches usually lived in campus
dorms. The sudden outbreak of COVID-19 forced the players
to return home and stay at home for a long time due to the
lockdown. The participants ended their winter training and
returned to their homes around January 20. At that time,
online teaching of general knowledge by teachers and online
professional training by coaches were adopted, using WeChat,
WeChat groups, and telephone instant messaging to manage the
learning and training of athletes.

The data were collected twice, and the two questionnaires
had the same content. The first data collection procedure used
a paper questionnaire, and the participating athletes completed
the questionnaire in the classroom. During the completion
process, the coach and teacher were not present. The researchers
distributed the questionnaire to the athletes and explained to
them that the purpose of the questionnaire survey was scientific
research and that it needed to be completed anonymously
and independently according to their own understanding. The
athletes were given 5 min to fill out the questionnaires, and then
the researchers collected them all. The entire survey, including
the instructions, took a total of 10 min. Due to the limitations
of the research conditions, it was not possible for all athletes
to complete the questionnaires at the same time, so the first
group of questionnaires were completed and collected within
a 2-week period. After the questionnaires were collected, they
were manually encoded and entered into the computer, thereby
constituting the first data set of this study.

Casler et al. (2013) has noted that electronic questionnaires
can obtain data characteristics similar to paper questionnaires.
The athletes were distributed in their homes in 20 provinces
after they left Shandong Luneng Taishan Football School. They
had not yet returned to the school, and it was thus impossible
to collect the paper questionnaire again. Therefore, the second
survey took the form of an electronic questionnaire. During
the completion process, neither the coach nor the teacher was
present. The researchers sent the electronic questionnaire to
the athletes through the WeChat group and explained to them
that the purpose of the questionnaire survey was scientific
research and that the survey needed to be filled out anonymously
and independently according to their own understanding.
The athletes completed the response and submission of the

questionnaire on April 17. We obtained the secondary data of this
study from the questionnaire system on April 18.

We cleaned the survey data by deleting scales with open items,
all answers the same, contradictory answers or more than one
answer. The electronic questionnaire was tested before it was
issued. The test showed that the questionnaire response time was
40-50 s. Given the youths’ cognitive level, we deleted any scales
with a response time within 60 s (answering too quickly may
reflect a coping attitude and may pollute the data). Therefore,
we obtained 190 (86%) valid questionnaires for the first survey
and 197 (89%) for the second survey. The respondents were not
compensated for their participation in the study. The researchers
informed the participants about the purpose of the study (for
research only) and that the questionnaires were anonymous. In
addition, respondents were told to complete the scales alone.

Statistical Analysis

We used SPSS software version 25.0, The The SPSSAU project
(2020), and Microsoft Excel software to analyze the sample data
obtained through measuring the three dimensions of the coach-
athlete relationship before and after the COVID-19 lockdown.
Distribution normality was assessed using the Kolmogorov-
Smirnov test. Normally distributed data were analyzed with the
T-test, while non-normally distributed data were analyzed with
the rank-sum test. We tested the significance level (Table 1)
and Pearson correlation coefficient of each test variable and
conducted comparative studies based on age groupings and
regional differences.

RESULTS

Normality Test

In this study, the Kolmogorov-Smirnov test was used to evaluate
distribution normality. As shown in Table 2, the test results
showed that the samples collected before and after the COVID-19
lockdown did not conform to a normal distribution, and thus the
rank-sum test should be used to verify the differences in the data.

Average Value Difference Examination
Difference Examination

Because the samples did not conform to a normal distribution,
the rank-sum test was used to verify the differences in the
data. The Mann-Whitney U significance test method was thus
adopted to verify the differences in the samples collected before
and after lockdown. As Table 3 shows, the results showed that
athletes’ closeness to coaches before COVID-19 lockdown was
significantly different from that after the COVID-19 lockdown
(Z = —5.390, p < 0.001), as was their commitment to coaches
(Z =—7.586, p < 0.001) and their complementarity with coaches
(Z=—-6.068,p < 0.001).

Next, we compared the differences between the two groups.
As Table 3 shows, the mean value of closeness after the COVID-
19 lockdown was higher than that before (4.799 > 4.514), the
mean value of commitment after the COVID-19 lockdown was
higher than that before (4.592 > 4.072), and the mean value of
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TABLE 1 | Significance of the variables.

Dimensions o o KMO X 2/df GFI RMSEA RMR CFI NFI NNFI
1 Closeness 0.769 0.877 0.885 1.842 0.942 0.067 0.039 0.968 0.934 0.950
Commitment 0.723
Complementarity 0.668
2 Closeness 0.763 0.902 0.908 1.767 0.957 0.062 0.012 0.983 0.963 0.966
Commitment 0.754
Complementarity 0.722
1 = sample before COVID-19 lockdown; 2 = sample after COVID-19 lockdown; o = Cronbach o, KMO = KMO and Bartlett test.
TABLE 2 | Normality test of data before and after lockdown.
Variables N Normality Extreme difference Kolmogorov-Smirnov Z Sig.
Mean + SD Absolute Plus Minus
1 Closeness 190 4.514 £ 0.610 0.229 0.213 —0.229 0.229 0.000
Commitment 190 4.072 +£0.787 0.154 0.119 —-0.154 0.154 0.000
Complementarity 190 4.270 £ 0.637 0.148 0.126 —0.148 0.148 0.000
2 Closeness 197 4.799 £+ 0.393 0.381 0.305 —0.381 0.381 0.000
Commitment 197 4.592 + 0.575 0.284 0.239 —0.284 0.284 0.000
Complementarity 197 4.638 + 0.496 0.244 0.233 —0.244 0.244 0.000
N, number of samples; 1 = sample before COVID-19 lockdown;, 2 = sample after COVID-19 lockdown.
TABLE 3 | Testing of significant differences and comparison of samples.
Variables Group N Mean + SD Mean rank Sum of ranks Mann-Whitney U Wilcoxon W z Sig.
Closeness 1 190 4.514 £ 0.610 165.82 31506.50 13361.500 31506.500 —5.390 0.000
2 197 4.799 + 0.393 221.18 43571.50
Commitment 1 190 4.072 £ 0.787 151.28 28742.50 10597.500 28742.500 —7.586 0.000
2 197 4.592 + 0.575 235.21 46335.50
Complementarity 1 190 4.270 + 0.637 159.92 30385.00 12240.000 30385.000 —6.068 0.000
2 197 4.638 + 0.496 226.87 44693.00

N, number of samples; 1 = sample before COVID-19 lockdown, 2 = sample after COVID-19 lockdown.

complementarity after the COVID-19 lockdown was also higher
than that before (4.638 > 4.270).

Analysis by Age

We next compared and analyzed the data of the three dimensions
of coach-athlete relationship before and after the COVID-19
lockdown according to age (see Table 4). As shown in the
table, in the 13-, 14-, 15-, 16-, 17-, and 19-year-old age groups,
the values of closeness, commitment, and complementarity
significantly increased after lockdown. We separately measured
the percentage change in the mean according to age by group
in the following order: 13-, 14-, 15-, 16-, 17-, and 19-year-
olds. The increases in closeness by age group were 1.97%,
3.49%, 10.90%, 7.40%, 9.13%, and 15.12%, respectively. Among
these groups, the increase is largest for the 19-year-old group
and is the smallest for the 13-year-old group. Similarly, the
increases in age in terms of commitment were, respectively,
12.79%, 7.13%, 19.3%, 13.96%, 10.30%, and 26.23%. Among
these groups, the data show the greatest increase for the 19-
year-olds; however, unlike the closeness index, the data for
commitment is the smallest for the 14-year-olds. Finally, in terms

of complementarity, each age group also improved as follows:
3.32%, 5.25%, 20.64%, 7.24%, 11.05%, and 12.30%, respectively.
Unlike the other two variables, the data for complementarity
show the greatest improvement for the 15-year-olds and the
smallest improvement for the 13-year-olds.

Analysis by Region

We used correlation analysis to study the correlations among
regional confirmed COVID-19 cases and closeness, commitment,
and complementarity, using the Pearson correlation coefficient to
indicate the strength of the correlation (Arndt et al., 1999; Hauke
and Kossowski, 2011). Specific analysis showed the following
(see Table 5): confirmed cases and closeness, commitment, and
complementarity did not show significant correlations among
the three items; the correlation coefficient values were 0.155,
0.056, 0.074, respectively; all were close to 0; and the p values
were all greater than 0.05, indicating that there were no
significant correlations among confirmed cases and closeness,
commitment, and complementarity. Figure 1 represents the
actual relationships among these variables. The trend line of the
number of confirmed cases in various regions has no common or
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TABLE 4 | Analysis results based on age.

Age N Closeness Commitment Complementarity
Mean + SD Increase Mean + SD Increase Mean + SD Increase
1 13 39 4.76 £ 0.60 1.89% 420 £1.11 12.79% 451 +£0.88 3.32%
2 45 4.85 + 0.41 473 +£0.52 4.66 + 0.68
1 14 49 4.76 + 0.55 3.49% 442 +0.74 7.13% 453 +0.82 5.25%
2 19 4.92 +£0.27 4.74 £ 0.51 4.76 +£ 0.56
1 15 35 430 +£1.03 10.90% 3.80 +£1.09 19.30% 3.83+1.28 20.64%
2 40 4.77 +£0.49 4583 +0.76 4.62 + 0.66
1 16 24 448 £0.76 7.40% 4.04 £0.95 13.96% 4.30 +£0.89 7.24%
2 33 4.81 £0.57 4.61+£0.75 4.61+0.78
1 17 24 421 +0.87 9.13% 3.81 +0.84 10.30% 3.97 £ 0.98 11.05%
2 27 459 £0.75 4.20 £0.97 4.41 £0.89
1 18
2 13 4.79 +0.45 449 +0.75 4.67 £+ 0.61
1 19 19 4.22 +£0.91 15.12% 3.79 £1.21 26.23% 426 £0.77 12.30%
2 20 4.86 + 0.47 4.78 £0.52 479 +£0.54
N, number of samples; 1 = sample before COVID-19 lockdown, 2 = sample after COVID-19 lockdown.
TABLE 5 | Correlation analysis results of CAR and regional confirmed cases.
Mean + SD Case Closeness Commitment Complementarity
Case 567.85 + 438.982 1
Closeness 4.763 + 0.311 0.155 1
Commitment 4.506 + 0.447 0.056 0.653** 1
Complementarity 4.583 + 0.347 0.074 0.820™ 0.805** 1

**p < 0.01; Case: COVID-19 Regional Confirmed Cases.

opposite trend with the coach-athlete relationship level before or
after lockdown, as shown in Figure 1.

DISCUSSION

The main purpose of this study was to examine the changes
in the coach-athlete relationship from before to after
lockdown. The research provided important information
for the academic community on the cultivation of youth
athletes. The establishment and application of multiple
communication methods, combined with tension-relief and
relaxation training methods, might help to better develop
coach-athlete relationships.

The first conclusion we draw is that the mean values of the
three dimensions of coach-athlete relationship after lockdown
are higher than those before lockdown, which is contrary to
our expected result based on common sense (Przybylski and
Weinstein, 2013). We expected the coach-athlete relationship to
be negatively affected due to lockdown. The second conclusion
is that lockdown has different effects on closeness, commitment,
and complementarity at different ages. This point is a more in-
depth analysis of the first conclusion. The comparison results
for the various age groups are different, which is consistent with
the trend of the first conclusion. The third conclusion is that

the relationship between the impact of lockdown on the coach-
athlete relationship and the severity of the epidemic of each
province is not significant. Through this study, we evaluated
each of the dimensions of the CART-Q, which would be very
useful for future researchers to better understand what this
instrument evaluates. The following factors may be involved in
these findings. First, lockdown changes the way coaches and
athletes communicate (Dalton et al., 2020; Yu et al., 2020).
Indirect online communication reduces the sense of leadership
(coach) status and shortens the psychological distance between
leaders (coach) and their subordinates (athletes). This kind of
communication avoids the reduced communication effect caused
by the unequal status (Remland, 1984) and psychological distance
(Brunelle, 2013) experienced in face-to-face communication
between the superior and the subordinate. These changes in
communication methods and the long-term lockdown may make
athletes miss their training life with their coaches and teammates
and, consequently, make them more eager to return to the
training ground, thereby improving the relationship between
coaches and athletes from the perspective of athletes. These
postulations may require deeper empirical research to prove. In
addition to these possible causes, we would assert that there are
other reasons for this change.

The face-to-face communication relationship is more inclined
toward hierarchical and one-way communication (Sannomiya
and Kawaguchi, 1999; Kirkman et al., 2004); after the lockdown,
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a greater use of social media created more equal and
diversified communication (Clarke and Eslami, 2019). However,
if no previous foundation has been built through face-to-
face communication, it is impossible to engage in truly
effective social media communication (Dunbar, 2016). Lockdown
gives more opportunities to think, supplement and correct
existing interpersonal relationships (Pan et al., 2020). These
two communication methods are complementary (Casler et al.,
2013; Dunbar, 2016). Therefore, we should give full play to the
role of multiple communication media to encourage athletes
to actively participate in decision-making and learn from one
another (Wu et al., 2016). In addition, lockdown also allows for
more empathy, mutual care and concern between the two sides
of the exchange (Pan et al., 2020), which lays the foundation
for establishing a good relationship after returning to work and
school (Westerman et al., 2016).

Second, the lockdown has changed the communication
environment between coaches and athletes. Athletes accept
militarized boarding management in football schools, and
families play a limited direct role in communication. Although
coaches and athletes communicate face to face, players lack family
support and security. When athletes are at home and participate
in online communication, the family gives the athletes support
and a sense of security (Fitriana and Xin, 2019). The athletes
may then dare to communicate with the coach with a more
equal and peaceful attitude and accept the coach’s guidance.

From this hypothesis, we also infer that the family’s role for
athletes during lockdown is not only communicating but also
providing a warm and harmonious environment (Fitriana and
Xin, 2019). Athletes returning home on vacation experience a
kind of psychological relaxation and adjustment (Kiithnel and
Sonnentag, 2011). Proper vacations are conducive to the growth
of athletes and help reduce the effects of burnout (Lemyre et al.,
2007). This situation also proves that family support can be
conducive to athletes’ progress, better coach-athlete relationships
and superior performance (Fitriana and Xin, 2019).

These results lead us to think deeply. Should young athletes
differentiate their mental training content by age in Chinese
football school? The difference between the mean before and after
lockdown according to age provides us with certain empirical
evidence. Moreover, will the diligent and controlled method
advocated by football schools lead to psychological disorders in
young athletes? In the past, we have advocated not wasting time,
orienting training toward efficiency, and ignoring the role of
relaxation in life and training, which is, in fact, not conducive to
the recovery of youth athletes’ mental health (Li, 2019). The goal
of coaches to improve performance-oriented training ignores
athletes’ other psychological needs, resulting in the failure of
the coach-athlete relationship to attain a high level (Li, 2019).
Shandong Luneng Taishan Football School delivered more than
230 players to the Chinese national football team at all levels
(Chinese Football Association, 2019). The data survey based on
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this case reflects some issues in talent training and provides a
reference for future training models.

As discussed above, the lockdown has changed the method
and content of communication between coaches and athletes.
From the results of geographic analysis, it can be seen that the
average value of coach-athlete relationship has no significant
correlation with the number of confirmed cases in the region.
The above content has analyzed the reasons for the change
of the mean, which further shows that online education is
not easily restricted by social emergencies, and also shows the
advantages of online education (Xinhuanet, 2020). Further, we
have found from observation and investigation that during face-
to-face training between athletes and coaches, the coaches offered
assistance through on-site teaching tools for on-site professional
training, personal demonstrations, and demonstration by high-
performing team members. In online teaching, to express the
training content more vividly, the coaches use more words to
describe the training content, which muscles should be trained
to obtain specific types of strength, and which muscle groups are
being exercised in each training drill (evidence found through
observation; Xu, 2017). In front of the camera, the coach used
more body language to demonstrate the teaching content (Yue
and Zou, 2019). For more effective expression, the coach used
more vibrant language in descriptions (Xu, 2017; Yue and Zou,
2019). In addition, the coach was able to observe the movement
of each athlete through the camera and make timely corrections
(Xu, 2017; Yue and Zou, 2019). These changes are positive and
may be effective in improving coach-athlete relationship.

This research offers many inspiring ideas for practical
application: (a) We will usher in the explosion of online education
and diversification of online teaching methods (Weisband and
Atwater, 1999; Radha et al., 2020; Su, 2020). Online teaching
has been carried out for years, but there has been resistance to
placing great pressure on a single group and taking a full 3-
month period to conduct online teaching to verify the effect of
this approach. Lockdown has provided us with an opportunity to
verify the effectiveness of online teaching (Shenoy et al., 2020; Su,
2020). Therefore, it is expected that the lockdown will usher in the
explosive development of online teaching for years into the future
(Yue and Zou, 2019; Radha et al., 2020; Shenoy et al., 2020; Su,
2020). This situation is an opportunity for online educators and a
challenge to traditional tutoring and training institutions (Shenoy
et al.,, 2020; Su, 2020). It may be that some offline education
and training institutions will face challenges to their survival
(Su, 2020).

(b) We can improve employment and change people’s
perception of new occupations. At present, people’s perception
of online anchors has a specific entertainment value (He, 2019).
During the lockdown period, Chinese teachers have become
online anchors, and they have also produced many internet
humorous videos for various reasons (Zhang, 2020). These
internet jokes include the following: the most tired anchor of the
live-broadcast classroom: the physical education teacher; the online
classroom in the epidemic situation: the embarrassing “teacher
anchor”; and the teacher is also crazy: I broadcast the online class
at home, and I crashed faster than the live-broadcast software
(Tencent, 2020). Coaches at football schools have also had to lead

players to train at home through live webcasts. The findings of
this study confirm that live-broadcast courses that can effectively
control the classroom are practical (Yue and Zou, 2019; Zhang,
2020). This finding may develop another career: online sports
coaching, which is not restricted by space, geography, or time
(coaches give physical education lessons through online media).
There is potentially a variety of teaching methods and a variety
of class sizes. Live broadcasts to homes will allow students to be
recruited from all over the world and will enable the full sharing
of global resources (Yue and Zou, 2019).

(c) We will save social resources. Most sports projects have
venue requirements (Yue and Zou, 2019). If football training can
be combined with offline training in the future, in places where
the venue resources are insufficient, it will improve the efficiency
of venue utilization, reduce the cost of sports training, and reduce
the space required for sports grounds (Yue and Zou, 2019). This
study also has limitations. First, when we first collected data,
we did not predict that the lockdown would occur, so the first
dataset did not include geographic information. This omission
made it impossible for us to conduct a comparative analysis
by region before and after lockdown, and we cannot obtain a
more in-depth analytical result. Furthermore, this study is limited
by the source and number of samples. The regional sample
size distribution is uneven, and the interpretation of the results
may produce biased conclusions. Finally, this study selected one
school as the research object, and the sample size is limited.
Due to the different requirements of the education authorities
in different regions, the specific implementation measures of
the school are unique to that region. Due to the limitations of
the school’s supporting teaching methods, the situation of each
school may vary.

CONCLUSION

The multimedia teaching method of communication adopted
during lockdown gave us an opportunity to reexamine the coach-
athlete relationship. The results of the study showed that during
the lockdown period, remote communication methods such as
multimedia based on face-to-face communication, assisted by
a loose communication environment and rich communication
content, promoted the improved quality of the coach-athlete
relationship as experienced by athletes.

The coach-athlete relationship is an essential variable in sports
teams (Coté and Gilbert, 2009; Yang and Jowett, 2012). Its
improvement will bring a chain reaction, fostering satisfaction
(Lorimer and Jowett, 2009), reduced burnout (Isoard-Gautheur
et al, 2016), organizational citizenship behavior (Cummins
and Spencer, 2015), performance (Jowett, 2017), team cohesion
(Jowett and Chaundy, 2004) and other changes. To assess the
degree of impact on the other variables due to the lockdown,
further research is needed for observation and investigation.

Several Chinese leaders have mentioned that football should
start with children (Hanwang-Wuhan Evening News, 2014), and
the professional ability training of young athletes relies on a good
relationship between coaches and athletes (Jiang, 2018). This goal
requires us to fully understand the coach-athlete relationship.
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In the field of Chinese youth football training, such

understanding requires more in-depth scientific research.
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The outbreak of COVID-19 has triggered a pandemic, jeopardizing global health. The
sports world is also suffering enormous consequences, such as the suspension of
the Olympic Games in Tokyo or, in chess, the cancelation of the World Candidates
Tournament 2020. Chess is a sport characterized by high psychophysiological demands
derived from long training durations, tournaments, and games, leading to mental,
emotional, and physical stress. These characteristics could provide chess players a
certain advantage in facing quarantine situations. This study aimed to analyze the effect
of COVID-19 confinement on behavioral, psychological, and training patterns of chess
players based on their gender, level of education, and level of chess played. We analyzed
chess players (N: 450; age = 38.12 4+ 14.01 years) in countries where confinement was
mandatory: Professional players (N: 55; age = 43.35 + 13), high-performance players
(N: 53; age = 38.57 £+ 18.46), competitive players (N: 284; age = 36.82 + 13.91),
and amateur players (N: 58; age = 39.10 £+ 14.99). Results showed that chess players
significantly decreased physical activity per day while increased chess practise during
the confinement period. However, anxiety levels remained moderate despite the anti-
stress effects of physical activity. Amateur players showed a significantly higher level of
social alarm than professional and high-performance players. Moreover, professional
players showed higher values of extraversion than high-performance players and
amateur players. In neuroticism, professional players showed higher values than high-
performance players. In addition, the professional players showed higher scores in
psychological inflexibility than competitive players. Finally, chess players with the highest
academic level showed higher levels of personal concern and anxiety due to COVID-19
as well as lower psychological inflexibility compared to those with a lower academic
level. In conclusion, chess players, especially those with a higher academic level, might
have adapted their psychological profile to fit confinement situations and the worrying
levels of physical inactivity.
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INTRODUCTION

In December 2019, a novel coronavirus emerged in China, which
posed an international public health emergency. This virus was
named as the Severe Acute Respiratory Syndrome Coronavirus-
2 (SARS-CoV-2) (Rodriguez-Morales et al., 2020). On April
6, 2020, there were 1,210,956 confirmed cases and 67,598
deaths worldwide [World Health Organization (WHO), 2020a].
Therefore, on March 11, 2020 the new coronavirus disease 2019
(COVID-19) was described as a pandemic by the World Health
Organization (WHO) (2020a). With no vaccine available and
no herd immunity, most of the world governments decreed a
quarantine to stop the pandemic (Clemente-Sudrez et al., 2020).

COVID-19 confinement produces negative psychological
effects, including post-traumatic stress, confusion, or anger
(Brooks et al., 2020). In this context, the confinement is the
highest rated preventive measure of the Spanish population (de
la Vega et al., 2020). During the confinement, most individuals
are exposed to an unprecedented situation of unknown duration,
being exposed to anxiety, fear, depression, or sleep disruption
(Altena et al., 2020). Considering the behavioral immune system
theory (Terrizzi et al,, 2013), in the pandemic, people would
develop these somatizations due to a negative appraisal of the
situation and self-protection (Li et al., 2020). Previous studies
in long confinement (105 days) produced direct modifications
in stress hormone levels and immune functions (Strewe et al.,
2015). Moreover, studies carried out on involuntary confinement
(prisoners), showed a different incidence of psychiatric morbidity
(Andersen et al., 2000).

The COVID-19 pandemic is globally affecting physical
activity behaviors, forcing many people around the world
to self-isolate for a prolonged time (Hammami et al,
2020). This makes it challenging to comply with the global
World Health Organization (WHO) (2020b) physical activity
recommendations (2020), and leads to an increase in sedentary
behaviors, such as spending excessive time sat down, or using
screens (playing games, watching television, using mobile
devices) (Chen P. J. et al., 2020). Nevertheless, practical
recommendations for staying active at home, with aerobic
exercise on ergometers, bodyweight training, dance, or
active video games, can help to counteract the detrimental
physical and mental side effects of the COVID-19 confinement
(Hammami et al., 2020).

Ahtlethes have also suffered the enormous consequences of
this pandemic. For instance, the Tokyo 2020 Olympic Games was
postponed until 2021 (International Olympic Committee, 2020)
and the International Chess Federation (2020) (FIDE) canceled
the World Candidates Tournament 2020 (FIDE, 2020). Chess
is considered a sport with high psychophysiological demands
where players are exposed to higher levels of stress and cognitive
load (Fuentes-Garcia et al., 2018, Fuentes-Garcia et al., 2019a,b,c,
20205 Villafaina et al., 2019). Previous neuropsychological studies
have shown the benefits of chess practice in executive functions,
facilitating the adaptation to complex or not routine situations
(Grau-Perez and Moreira, 2017; Ramos et al., 2018). Therefore,
chess players showed an excellent ability for planning, self-
controlling, coping, or problem-solving (Cuéllar and Diaz, 2009;
Aciego et al., 2012).

Since personality modulates stress and cognition relationships
(Radtke et al., 2020), a chess player’s personality could
influence how they face COVID-19 confinement. In this
regard, chess players are characterized for unconventional
thinking and orderliness (Radtke et al., 2020), being highly
competitive players, and more suspicious (Avni et al., 1987),
and introverted (Vollstadt-Klein et al., 2010) than non-
players. Interestingly, personality differences are evident even
in young children who play chess. Children, who scored
high in intellect/openness and energy/extraversion, are more
likely to play chess, while children who score higher on
agreeableness are less likely to play chess (Bilalic et al., 2007).
Then, this study aimed to analyze the effect of COVID-19
confinement in behavioral, psychological, and training patterns
of chess players based on their gender, level of education, and
level of chess game.

MATERIALS AND METHODS

Participants

A total of 450 chess players (38.12 + 14.01), residents in
29 different countries of Asia, America, Africa, and Europe
were analyzed. All the participants competed in the World
Chess Federation (FIDE) and were classified according to
the ranking system developed by Elo (1978). They were
divided into four groups: (1) Professional players: players
holding the highest level qualification or the second-highest
level awarded by the FIDE, Grand Master and International
Master (N: 55; age = 43.35 &+ 13; ELO = 2414.15 £+ 157); (2)
High-performance players: players holding the third or fourth
highest level of FIDE, FIDE Master and Master Candidate
(N: 53; age = 38.57 + 13.46; ELO = 2096.55 £ 156.49);
(3) Competitive players: players with FIDE ranking (N:
284; age = 36.82 + 1391; ELO = 174334 + 276.52)
and (4) Amateur players: people who practice chess
regularly but do not compete in FIDE tournaments (N: 58;
age = 39.10 £ 14.99).

The inclusion criteria were: (a) be a chess player of 18 years or
older, (b) live, at the time of data collection, in a country where
COVID-19 confinement was decreed, (c) have read and signed
the written informed consent.

Before participation, experimental procedures were explained
to all the participants who gave their voluntary written
informed consent, following the Declaration of Helsinki. All the
procedures were approved by the Commission of Bioethics and
Biosecurity of the University of Extremadura (Spain) (approval
number: 57/2020).

Procedure

Chess players completed an online-based questionnaire between
March 3, 2020 and April 14, 2020. Firstly, they had to sign the
informed consent and then disclose the following information:

Personal Information
e Age, gender, and current country of residence.
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Academic and Sport-Related Information
Academic training (university training,
training, and high school).

e Indicate the current ELO FIDE, if appropriate.
e Highest FIDE qualification (Grand Master, International
Master, FIDE Master, or Master Candidate).

Before the COVID-19 confinement: how long did you
practice chess (playing, giving or receiving classes)
approximately daily, on average, considering the 7 days of
the week (Nothing, Less than 30 min, Between 30 min and
1 h, between 2 and 3 h, between 4 and 5 h, between 6 and
7 h, 8 or more h)?

In the present moment (during the confinement): how long
did you practice chess (playing, giving or receiving classes)
approximately daily, on average, considering the 7 days of
the week (Nothing, Less than 30 min, Between 30 min and
1 h, between 2 and 3 h, between 4 and 5 h, between 6 and
7 h, 8 or more h)?

Before the COVID-19 confinement: how long did you do
physical activity (sports, gymnastics) approximately daily,
on average, considering the 7 days of the week (Nothing,
Less than 30 min, Between 30 min and 1 h, between 2 and
3 h, 4 or more h)?

In the present moment (during the confinement): how
long did you do physical activity (sports, gymnastics)
approximately daily, on average, considering the 7 days of
the week (Nothing, Less than 30 min, Between 30 min and
1 h, between 2 and 3 h, 4 or more h)?

° professional

Individual Perceptions About COVID-19 Crisis in a

Liker 1-5 Scale (Adapted From de la Vega et al., 2020)

Because of the current confinement rules, I consider my

options to get my best performance in the most important

chess competitions when they are already allowed.

In this context of COVID-19, I am satisfied with the level of

support that public institutions have had with chess players

to try to maintain the highest level of preparation.

e Level of personal concern about COVID-19.

e Perception of social alarm by COVID-19.

e Control  perception level to
infected by COVID-19.

e Level of personal care to avoid contagion by COVID-19.

o I consider that the current situation generated by COVID-
19 has dramatically affected my chess training routines.

avoid getting

Psychological Profile

e Personality was assessed by the brief version of the
Big Five Personality Inventory, where -extraversion,
agreeableness, conscientiousness, neuroticism, and
openness to experience factors analyzed
(Rammstedt and John, 2007).
Loneliness was evaluated by the short version of the UCLA
Loneliness Scale (Hughes et al., 2004).
Psychological inflexibility was measured by the Acceptance
and Action Questionnaire-II. It is a 7-item questionnaire
where participants must respond in a 1-7 scale
(Ruiz et al., 2013).

were

e Anxiety was assessed by the State-Trait Anxiety Inventory
(STAI) short form (Marteau and Bekker, 1992).

Statistical Analysis
Based on the results of Kolmogorov-Smirnov and Shapiro-Wilk
tests, non-parametric tests were used.

The Chi-Square tests were performed (x2) to analyze
the ordinal categorical variables related to the number
of chess and physical activity practises. Mann-Whitney
U tests were conducted to investigate gender-based
differences in ELO and psychological variables. Moreover,
Kruskal-Wallis tests were performed to investigate between-
group differences (according to the chess performance
and level of study) in the psychological variables. The
Mann-Whitney U-test with the Bonferroni correction
for multiple comparisons was conducted explore
pairwise differences.

Kendall’s Tau b (tb) was used to explore the correlation
between the practice of physical activity and the practice of chess
as well as the psychological profile of chess players.

Effect sizes (r), for each test, were calculated. It is classified as
follows: 0.5 is a large effect, 0.3 is a medium effect and 0.1 is a
small effect (Fritz et al., 2012).

to

RESULTS

Table 1 showed the descriptive data such as the number of
subjects (N), Mean (M) and Standard deviation (SD) of the
age, ELO FIDE, and the different variables associated with the
Individual perceptions about COVID-19 and the psychological
profile. The recruited data (N = 450), were grouped by age
(M = 3812 SD = 14.01), gender [Npge = 400 (88.9%),
Npemale = 50 (11.1%)], level of education [Nuniversitary = 284
(63.1%), Nprofessional = 72 (16%), Nhighschool = 94 (20.9%)], and
game level according to FIDE [Nprofessional players = 55 (12.2%),
N High—performance players = 53 (11.8%), NCompetitive players = 284
(63.1%), N Amateur players = 58 (12.9%)].

The Chi-Square tests showed significant higher scores in
physical activity practice before confinement (y?> = 186.71
p < 0.001 tb = 0.32). Significant effects were observed in
the four groups (professional players, high-performance players,
competitive players, and amateur chess players) (see Table 2).

Regarding chess practice (before and during confinement)
results showed significantly higher scores in practice time during
the COVID-19 confinement (x2 = 367.68 p < 0.001 tb = 0.12).
Only amateur chess players did not significantly change the chess
practice during confinement (Table 3).

Mann Whitney U showed a significantly higher ELO level
[Z = -3.156, p < 0.002, effect size (r) = 0.15] in men when
compared to women. Moreover, the ELO FIDE score [Z = -2.084,
p < 0.037, effect size (r) = 0.10] was higher in men. Regarding
the differences in the perception they have about COVID-19,
only differences in the level of personal care to avoid infection
appeared, with higher scores in the female group [Z = -2.474,
p < 0.013, effect size (r) = 0.12]. Finally, in the rest of the variables
studied, anxiety and personality, only significant differences in
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TABLE 1 | Descriptive statistics of the study variables.

N M SD
Age 450 38.31 13.70
ELO FIDE 392 1885.21 349.33
Personal concern 450 3.68 1.15
Perception of social alarm 450 4.06 0.98
Perception of control to avoid contagion 450 415 0.85
Personal care to avoid contagion 450 4.01 0.95
Altered options for maximum chess performance 450 2.82 1.28
Satisfaction with institutional support 450 3.00 1.26
Alteration of chess training routines by COVID 450 4.59 0.80
Extraversion 450 517 1.79
Agreeableness 450 5.58 1.35
Conscientiousness 450 6.78 2.09
Neuroticism 450 4.87 1.87
Openness to experience 450 7.67 1.78
Loneliness (UCLA) 450 4.86 1.77
Psychological inflexibility 450 15.00 6.35
Anxiety 450 12.26 3.54

neuroticism were found with higher scores in the female group
[Z=-1.982 p < 0.047, effect size (r) = 0.93].

Kruskal-Wallis tests showed significant differences in the
perception of social alarm, extraversion, neuroticism, and

cognitive inflexibility (p < 0.05). Pairwise comparisons showed
that differences were observed between professional players
and amateur players, with higher values in the professional
players [Z,1) = 61.875 p < 0.007, effect size (r) = 0.29].
Differences were also observed between the high-performance
players and the amateur players, with higher scores in the
high performance group [Zyj) = 66.154 p < 0.005, effect
size (r) = 0.31]. Regarding personality variables, differences
in extraversion were found between the amateur players and
the high-performance players, with higher scores in the high
performance group [Z(42) = 76.791 p < 0.002, effect size
(r) = 0.36]. In neuroticism, statistically significant differences
were obtained between the professional players and the high-
performance players, with higher scores in the high performance
group [Z(1, 2) = 78.052 p < 0.002, effect size (r) = 0.37]. Lastly,
competitive players showed greater psychological inflexibility
than professional players [Z(1,3) = 50.504 p < 0.008, effect
size (r) = 0.23].

The Kruskal-Wallis analyses also showed differences when
comparing chess players according to the level of study.
Thus, chess players with a high school education showed
higher personal concern than those with university studies
[Z(1, 3) = 56.639 p < 0.001, effect size (r) = 0.26], as well as
those with professional training showed higher scores than those
with a high school level education [Z(3,3) = 67.747 p < 0.003,
effect size (r) = 0.31]. Regarding cognitive inflexibility, chess

TABLE 2 | Physical activity practise before and during the confinement.

Physical activity practice = Professional players N (%) High-performance players N (%) Competitive players N (%) Amateur players N (%)
Before During Before During Before During Before During
Did not practise PA 7 (12.7%) 6 (29.1%) 5(9.4%) 6 (30.2%) 47 (16.5%) 80 (28.2%) 12 (20.7%) 23 (39.7%)
Less than 30 min/day 9 (16.4%) 7 (30.9%) 6 (30.2%) 2 (22.6%) 61 (21.5%) 89 (31.3%) 8 (13.8%) 0(17.2%)
Between 30 and 60 min/day 29 (52.7%) 8 (32.7%) 7 (32.1%) 20 (37.7%) 116 (40.8%) 91 (32%) 23 (39.7%) 5 (25.9%)
Between 2 and 3 h/day 7 (12.7%) 2 (3.6%) 1(20.8%) 2 (3.8%) 44 (15.5%) 19 (6.7%) 8(13.8%) 5(8.6%)
More than 4 h/day 3 (5.5%) 2 (3.6%) 4 (7.5%) 3 (5.7%) 6 (5.6%) 5(1.8%) 7 (12.1%) 5 (8.6%)
Chi-squared p-value Chi-squared p-value Chi-squared p-value Chi-squared p-value
37.758 0.002 28.955 0.024 106.056 < 0.001 34.368 0.005
PA, Physical activity; min, minutes; h, hours.
TABLE 3 | Chess practise before and during the confinement.
Chess practise Professional players N (%) High-performance players N (%) Competitive players N (%) Amateur players N (%)
Before During Before During Before During Before During
Did not play chess 1(1.8%) 2 (3.6%) 3(5.7%) 3 (5.7%) 7 (2.5%) 5(1.8%) 1(1.7%) 2 (3.4%)
Less than 30 minutes/day 4(4.7%) 5(9.1%) 4(7.5%) 7 (13.2%) 47 (16.5%) 22 (7.7%) 10 (17.2%) 4 (6.9%)
Between 30 and 60 min/day 9 (16.4%) 6 (10.9%) 18 (34%) 9 (17%) 105 (37%) 63 (22.2%) 22 (37.9%) 9 (32.8%)
Between 2 and 3 h/day 9 (16.4%) 10 (18.2%) 17 (32.1%) 16 (30.2%) 67 (23.6%) 99 (34.9%) 13 (22.4%) 16 (27 6%)
Between 4 and 5 h/day 12 (21.8%) 14 (25.5%) 5(9.4%) 9 (17%) 28 (9.9%) 47 (16.5%) 7 (12.1%) 1(19%)
Between 6 and 7 h/day 13 (23.6%) 8 (14.5%) 2 (3.8%) 1(1.9%) 16 (5.6%) 22 (7.7%) 3(5.2%) 3 (5.2%)
More than 8 h/day 7 (12.7%) 10 (18.2%) 4(7.5%) 8 (15.1%) 14 (4.9%) 26 (9.2%) 2 (3.4%) 3(5.2%)
Chi-squared p-value Chi-squared p-value Chi-squared p-value Chi-squared p-value
71.573 < 0.001 55.368 0.021 307.057 < 0.001 39.425 0.319

PA, Physical activity; min, minutes; h, hours.

Frontiers in Psychology | www.frontiersin.org

42

September 2020 | Volume 11 | Article 1812


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Fuentes-Garcia et al.

COVID and Chess Players

players with professional training showed higher values than
those with university training [Z(; 2y = 44.976 p < 0.026, effect
size (r) = 0.21]. Regarding anxiety level, chess players with a
high school level education showed significantly higher values
than those with university [Z(; 3) = 51.045 p < 0.003, effect size
(r) = 0.24] and professional training [Z(2, 3) = 61.166 p < 0.008,
effect size (r) = 0.28].

Significant positive correlations between chess practice and
physical activity both before (p < 0.005 tb = 0.102) and during
confinement (p < 0.005 tb = 0.089) were found. In addition,
significant correlations were found between different variables
in the psychological profiles of chess players (see Table 4 for
further details).

DISCUSSION

This research aimed to analyze the effect of COVID-19
confinement in behavioral, psychological, and training patterns
of chess players, based on their gender, level of education,
and level of chess game. The study showed that chess players
significantly decreased physical activity per day while increased
chess practise during the confinement period. However, anxiety
levels remained moderate despite the anti-stress effects of
physical activity.

In the present confinement context, increased somatization
of anxiety, resulting from the perception of lack of control
in adapting to contextual demands (Halabchi et al., 2020)
and the imposition of a restriction of liberty or perception
of non-voluntary self-isolation was described (Halabchi et al,
2020). Its health impact may be related to the duration of
the confinement (extended periods are associated with poorer
mental health, avoidance behaviors, and anger), the fear of

infection, frustration, and boredom, inadequate supplies (e.g.,
water, clothes, accommodation), or inadequate information
(Brooks et al., 2020). However, the anxiety values evaluated could
be considered as medium, despite the low values of physical
activity during the pandemic, since it has an anxiolytic effect
(Petzold et al., 2020). These results could be related to the
higher cognitive resources and wide experience of these high-
performance athletes when coping with anxiety contexts such as
competitions (Belinchon-deMiguel et al., 2019).

Interestingly, 15.8% of chess players did not practise physical
activity (sports, maintenance gymnastics) before the confinement
(20.9% less than 30 min on average a day) and this percentage
went to almost double, 30% (28.4% less than 30 min on
average a day) during the confinement. The 12.7% (29.1%
during confinement) of professional chess players did not
carry out any type of physical training before COVID-19,
and 16.4% (30.9% during confinement) did less than 30 min
per day. This is a controversial fact since a good physical
condition is recommended to obtain the maximum chess
performance (Alifirov et al., 2017). The physical activity analyzed
did not accomplish the health requirements of World Health
Organization (WHO) (2020c), which is in line with the
increased sedentarism of the general population around the
world (Middelbeek and Breda, 2013).

Focusing on gender-based differences, the results of the
present study showed a significantly higher ELO FIDE in men
than in women. This finding is in line with a previous study
(Chess-rankings, 2020), and could be explained by different
factors such as participation rates, degree of involvement, starting
age, and perseverance. Our results also showed that women
reported a higher level of care to avoid infection than men. This
is consistent with a previous study (de la Vega et al., 2020) in the
Spanish population where men and women significantly differed

TABLE 4 | Correlational analysis of study variables.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Concern 1
2. Alarm 0.22" 1
3. Control 0.22** 010" 1
4. Personal care 0.35" 0.13"™ 0.44™ 1
5. Influence Performance -0.07* -0.07 0.07 0.00 1
6. Institutions support -0.07* —0.01 0.08 0.01 0.19™ 1
7. Training routines 0.09* 0.07 0.01 0.06 0.01  -0.07 1
8. Extraversion —0.01 0.12* —-0.02 -0.038 -0.01 0.00 -0.03 1
9. Agreeableness 0.02 -0.03 -0.08 -0.06 -0.07 0.03 0.03 —0.09* 1
10. Conscientiousness 0.10*  0.04 0.13* 0.18* 0.08* -0.01 0.06 -0.02 -0.02 1
11. Neuroticism 0.10 0.01 -0.08« —0.04 —0.06 0.00 0.05 -0.05 0.00 —0.09** 1
12. Openness 0.06 —0.04 0.03 0.12* 0.05 -0.03 0.04 -0.48" —0.06 0.13* 0.00 1
13. Loneliness 0.03 -0.01 -0.02 -0.06 -0.07* -0.06 0.07 -0.05 0.08* —0.13"* 0.24* -0.07* 1
14. Psychological inflexibility ~ 0.07* —-0.02 -0.08 -0.11** —0.08** 0.00 0.05 -0.07 0.06 —0.19* 0.29* -0.06 0.38"* 1
15. Anxiety 0.28" 0.05 -0.05 0.00 -0.12* —-0.09* 0.17* 0.00 0.06 -0.06 031 -0.08 0147 0.28* 1
M 3.68 4.06 4.01 4.26 5.84 2.40 3.09 5.17 5.58 6.78  4.87 7.67 486 15.00 12.26
sSD 1.16 0.99 0.96 0.80 2.55 1.67 1.38 1.79 1.35 209 1.88 178 177 6.36 3.54
N 450 450 450 450 450 450 450 450 450 450 450 450 450 450 450

*P < 0.05; P < 0.01.
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in compliance with safety measures, exercising proper care to
wash hands, and in keeping at least 1.5 m distance from others
in public spaces. However, this greater compliance with safety
measures does not translate into a higher number of infections
(Wenham et al., 2020). Nevertheless, there seems to be higher
mortality and vulnerability to the disease in men (Epidemiology
Working Group for Ncip Epidemic Response and Chinese Center
for Disease Control and Prevention, 2020) which could be due
to differences in the immunological response (Chen N. S. et al.,
2020) or the prevalence of smoking (Liu et al., 2017).

Regarding chess performance groups, professional and high-
performance groups reported higher values of social alarm than
amateur ones. This may be due to a high control perception to
avoid infection and personal care to avoid infection, which is
also shown in our results. In addition, positive correlations were
found between the level of personal concern, the perception of
social alarm, the control perception level to avoid getting infected,
and the level of personal care to avoid infection by COVID-19.
Similar results were obtained in a previous study (de la Vega et al.,
2020) regarding attitudes toward COVID-19 in Spain. Moreover,
Vollstadt-Klein et al. (2010) showed that elite chess players
showed a direct correlation between skill and extraversion, which
is in line with an effect of extraversion on the psychological
and physical strain. These results are in line with ours since our
participants showed that the highest level of performance had the
highest values of extraversion and neuroticism. In contrast, in the
study of Vollstadt-Klein et al. (2010), the authors did not find
significant differences between the level of neuroticism between
competitive players and non-players.

Differences in cognitive inflexibility were not found between
the different performance groups. Although previous studies
as Grau-Perez and Moreira (2017) or Ramos et al. (2018),
showed that children who practice chess have higher scores
on tasks that value cognitive flexibility than those who
do not. This is probably because chess practice facilitates
adaptation to complex or novel situations, which are not
routine and demand control mechanisms to resolve effectively.
However, when participants were divided by education levels,
the professional education level group showed higher values
than the university level group. These results are in line
with a previous study showing a negative correlation between
educational level and psychological inflexibility (Wicksell et al.,
2010). On the other hand, the psychological inflexibility was
related to an inadequate adaptive response in the confinement
situation, since it correlated with a negative perception
in their sports performance and more neuroticism trait,
loneliness feeling, and anxiety. In this sense, psychological
inflexibility has been shown to be detrimental to mental health
(Makriyianis et al., 2019).

The present study has some limitation that should be
addressed. Firstly, the use of non-validated questionnaires for
assessing some of the outcomes. Second, due to COVID-19
confinement, only self-reported answers were possible to obtain.
Therefore, physical activity data should be taken with caution.
Thus, future studies should validate these questionnaires and
use direct methods to assess physical activity, such as objective
monitoring devices (accelerometers and pedometers).

CONCLUSION

Chess players perceived that COVID-19 confinement negatively
affected their physical activity profile, increasing chess practice,
despite anxiety levels remained moderate. The perception of
alarm is higher in the lower level of play, while the extraversion,
neuroticism, and psychological inflexibility is higher in the
higher level of play. A higher academic level seems to be
related to higher levels of personal concern and anxiety due
to COVID-19 and lower psychological inflexibility levels. Chess
players, especially those with a higher chess level, might have an
adapted psychological profile to confinement situations, as well
as worrying levels of physical inactivity.
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The objective of this study was to create and validate an instrument to measure the
well-being of children in lockdown. As a response to the COVID-19 pandemic, and in
the interest of maintaining social distancing, millions of people have been confined to
their homes, including children, who have been withdrawn from school and barely able
to leave their homes. Thus, it would be useful to evaluate, from a holistic perspective,
the well-being of children under these challenging circumstances. The participants were
1,046 children, 48.7% of which were boys and 50.7% girls, recruited in the Basque
Country (Northern Spain). The scale was answered by their parents. The survey, entitled
“Well-being of Children in Lockdown” (WCL), is composed of six subscales: Emotions,
Playful and creative activities, Education, Addictions, Routine, and Physical Activity.
Exploratory factor analyses indicate that all the reliability indices were acceptable. The
survey demonstrated adequate reliability (alpha = 0.804). We were thus able to confirm
the validity of this simple instrument for evaluating the well-being of children aged
between 4 and 12 years in lockdown situations. The WCL can be regarded as a useful
tool to evaluate the well-being of children in lockdown situations.

Keywords: children, well-being, scale, validation, lockdown, COVID-19

INTRODUCTION

The new coronavirus (COVID-19) epidemic has created an unprecedented threat to global
health. The outbreak first emerged in late December 2019 when clusters of pneumonia cases of
unknown etiology were found in China. Since then, the number of cases has continued to escalate
exponentially, firstly within China and then worldwide. On the 30th of January 2020, the World
Health Organization (WHO) declared the COVID-19 outbreak a public health emergency of
international concern, and on the 11th of March 2020, it was declared a pandemic (World Health
Organization [WHO], 2020).

Children represent a small percentage of COVID-19 cases (Hamzelou, 2020; Pavone et al.,
2020) with most infected infants being asymptomatic (Cai et al., 2020) or presenting only mild
clinical manifestations (Jiao et al., 2020). However, children are not impervious to the dramatic
impact of the COVID-19 epidemic. In fact, it has been pointed out that, due to the mild
symptomatology shown by children, they could play a prominent role in spreading COVID-19.
As a consequence, in most countries of the world schools have been ordered to close (United
Nations Educational, Scientific and Cultural Organization [UNESCO], 2020) and children, like
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the rest of the population, have been confined to their homes.
Nonetheless, each country has its own set of rules and guidelines
in relation to the lockdown. Thus, while, in some countries,
children can go out for sports or walks, in other countries such
activities have been prohibited (Garcia, 2020). Spain is one of
the countries in which children have faced the most stringent
lockdown regulations, since from March 14th to 26th April (a
period of 6 weeks) children had been completely banned from
leaving their homes. Since then, a slight easing of the lockdown
measures has meant that from 26th April onward, children have
been allowed outside, but only for 1 h each day and they must
remain within close proximity of their homes (Lucas, 2020).

Furthermore, this reality does not affect only Spain; countries
around the world have been affected among other Latin countries
like Italy in Europe (Pisano et al., 2020). Besides, it has been
stated that for example in Latin America children are the hidden
victims of COVID-19 crisis (Catalan, 2020; SOS Children’s
Villages International, 2020; TRT Espaiiol, 2020; United Nations
International Children’s Emergency Fund [UNICEF], 2020).

Pediatricians, psychologists, and educators have all warned
of the threats that this lockdown could have for the well-being
of children, from both physical and emotional perspectives
(Grechyna, 2020; Jiloha, 2020). Moreover, international
researchers are already studying these consequences from
multiple perspectives. At a physical level, research conducted
in China has found that during lockdown, 3- to 18-year-old
children are physically less active, have much longer screen time,
show irregular sleep patterns, and eat less favorable diets, all of
which is resulting in weight gain and a loss of cardiorespiratory
fitness (Jiao et al., 2020; Jiloha, 2020; Wang et al., 2020). In
fact, this dramatic reduction in physical activity and insufficient
exposure to sunlight as a result of being forced to remain at home
have been highlighted as some of the most visible consequences
of this lockdown situation (Lippi et al., 2020).

From an emotional perspective, research carried out in China
has found that lockdown is generating feelings of fear, worry,
sadness, loneliness, or stress among children from 3 to 18 years
(Jiao et al., 2020; Jiloha, 2020; Leung et al., 2020; Qiu et al,
2020). Added to this are observations of clinginess, distraction,
irritability, and an apparent fear of asking questions about the
pandemic (Wang et al., 2020). In a similar vein, a research study
in Italy with children aged between 4 and 10 years has found
that, during this lockdown, children are showing fears that they
had never expressed before, along with increased irritability,
nervousness, intolerance to rules, whims and excessive demands,
mood changes, and sleep problems (Pisano et al., 2020).

At academic and social levels, social isolation and lockdown
means that children from preschool, primary school, and
secondary school may not be at school for a prolonged period of
time (Jiao et al., 2020) and their social interactions will be limited,
thereby reducing dramatically the possibilities of socializing and
playing with peers (Wang et al., 2020), which could only serve
to exacerbate the sense of loneliness felt during lockdown (Jiao
et al., 2020; Okruszek et al., 2020; Singh and Singh, 2020). Several
researchers have noted that these disruptions could also have
long-term consequences for the affected groups and that, for the
most vulnerable members of the population, existing inequalities

are likely to become even more evident (Armitage and Nellums,
2020; Burgess and Sievertsen, 2020) [see Figure 1].

Thus, children are not unaffected by the dramatic impact of
the COVID-19 epidemic, and their well-being in this situation is
likely to be influenced in various ways.

The concept of well-being is highly variable and has been
studied across a wide range of disciplines, age groups, cultures,
communities, and countries, resulting in a wide range of
definitions (Pollard and Lee, 2003). In fact, this debate has
resulted in well-being becoming a field of research in its
own right (Amerijckx and Humblet, 2013). From a holistic
view, well-being has been defined as “a multidimensional
construct incorporating mental/psychological, physical and
social dimensions” (Columbo, 1986, p. 288). In the same vein,
in reference to health, and according to the World Health
Organization [WHO] (1946) “Health is a state of complete
physical, mental and social well-being and not merely the
absence of disease or infirmity” (p. 100). Some authors agree
that children’s well-being cannot be represented by a single
domain or indicator, as their lives are lived in terms of multiple
domains and each domain has an impact on their well-being
(Ben-Arieh et al., 2001; Bradshaw and Mayhew, 2005; Hanafin
and Brooks, 2005a,b; Land et al., 2007; Dominguez-Serrano et al.,
2019; Fattore et al., 2019; Migliorini et al., 2019). For example,
Brandshaw and Richardson (2009) have argued that children’s
well-being should be represented in terms of seven domains:
(1) health; (2) subjective well-being; (3) personal relationships;
(4) material resources; (5) education; (6) behaviors and risks;
and (7) housing and environment. Indeed, the most recent
reference may be the “Index of Child and Youth Well-Being”
by Land et al. (2007). This index was created to measure
changes in child well-being in the United States and can serve
as an example for a system of analysis based on outcome
indicators. Specifically, that system is based on the results of
subjective well-being studies that identify content areas that
occur over and over again—for guidance in the selection of
domains of well-being and statistical indicators within those
domains. Concretely, those domains are family economic well-
being, health, safety/behavioral concerns, educational attainment
(productive activity), community connectedness (participation in
schooling or work institutions), social relationships (with family
and peers), and emotional/spiritual well-being.

Although challenging, there are both theoretical and practical
reasons for approaching well-being as a multidimensional
construct across life domains (Huppert and So, 2013) and
while the integration of various dimensions has been defined
as fundamental to achieving positive well-being throughout
the lifespan (Zaff et al, 2003), relatively little research has
been dedicated to the cognitive, emotional, physical, and social
aspects of children’s well-being (Ajdukovic and Ajdukovic, 1993;
Househnecht and Sastry, 1996; McCormick et al., 1996; Evans
et al, 1998; Qin et al., 2020). Therefore, there is a relatively
small body of national data for the indicators used to track child
health and well-being, which all countries have agreed to collect
(Clark, 2020).

Likewise, there are few standardized methods for assessing
well-being in childhood. The majority of researchers who
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FIGURE 1 | Summary of threats that lockdown could have for the well-being of children.

have analyzed child well-being used multiple separate measures
of pre-assumed indicators in an effort to capture a more
complete assessment of the state of the child’s well-being
(Pollard and Lee, 2003). Pollard and Lee (2003) conducted
a systematic review of the literature on child well-being by
searching five databases to assess the current state of child
well-being research to address the following questions: (1)
How do we define the well-being of children? (2) What
are the domains of children’s well-being? (3) What are the
indicators of children’s well-being? and (4) How do we
measure the well-being of children? In relation to the scales
measuring children’s well-being, these authors conclude that
there is an inconsistent use of definitions, indicators, and
measures of well-being, which has created a confusing and
contradictory research base.

Among those scales that analyze the well-being of children
from a holistic perspective, taking into account the physical,
social, and psychological dimensions (among others), the
Perceived Competence Scale for Children (Harter, 1982) is
noteworthy. Designed to measure 8-13-year-old children’s
perceptions of their competence and self-adequacy, this scale
considers their cognitive competence, peer relationships,
scholastic performance, physical skills/competence, and global
self-worth. In a similar vein, The Battelle Developmental
Inventory Screening Test (Newborg et al,, 1988), which was
designed as a tool for the screening, diagnosis, and evaluation
of early development, takes into account the self-concept, affect,
coping, adult interaction, peer interaction, social role, personal

responsibility, eating, dressing, attention, toileting, receptive and
expressive communication, academic skills, memory, reasoning,
cognitive development, perceptual motor, locomotion, muscle
control, and body coordination from birth to 8 years. Finally,
Castilla-Peén (2014) used a method of direct questioning
to evaluate the well-being of children aged between 11 and
15 years, in relation to family, school, play, growth, development,
friends, and peers.

Another international study—which did not take into account
emotional and physical domains— was carried out by The
Children’s Worlds, The International Survey of Children’s Well-
Being (ISCWeB), which is a worldwide research survey of
children’s subjective well-being. The questionnaire consists of
eight life domains: the home and the people they live with, money
and things they have, relationships with friends and other people,
the area where they live, school, health, time management, and
leisure time and self. Indeed, there are also recent studies that
evaluate the well-being of children with chronic diseases and/or
with cognitive, motor, and social disorders as autism (Salomone
et al, 2018); refugee children (Baker et al, 2019); physical
limitations, as child’s spinal cord injury (January et al., 2019);
or adverse behavioral of school-age children relating to sleep
duration (James and Hale, 2017). This reinforces that it is more
and more relevant to investigate the general well-being of the
child, taking into account that previous illnesses may further
influence his general condition.

In addition, there is no single scale to measure the well-
being of children in lockdown that could help to identify the
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physical, psychological, social, and academic consequences of
this situation. Such information is critical if we are to establish
the actions that can be taken to mitigate the negative effects of
confinement and improve the well-being of children. Moreover,
at all life stages, but even more so in childhood, the biological,
psychological, and social processes are merged into a network of
intimate interactions that make it impossible to conduct studies
or analyses from a unidirectional approach (Villaroel, 2012).
Thus, given that in lockdown situations there are threats to
children’s health and well-being that originate from multiple
levels or dimensions, a deliberately multidimensional approach
is required to safeguard the well-being of children. Therefore,
the main objective of this study was to create and validate
an easy-to-use survey that is capable of measuring—from a
holistic perspective—the well-being of children in a situation of
lockdown. Based on the theoretical framework described above,
it is hypothesized that the scale that measures the well-being
of children will have several factors or domains that converge
in adequate psychometric properties of the overall well-being of
children in lockdown situation.

MATERIALS AND METHODS

Participants
A total of 1046 children participated in this study. Of these, 48.7%
were boys (n = 505) and 50.7%% girls (n = 530), aged between
2 and 14 years (M = 6.43; SD = 2.95). 74.5% of those children
said they have another brother or sisters (n = 779), and 25.5%
said no (n = 267). 2.5% had special educational needs (n = 26),
and 97.5% did not have educational special needs (n = 1020).
Regarding exterior spaces that they have in their home, 36.6% said
that they did not have an exterior space (n = 383) and 63.4% said
no (n = 663). Lastly, regarding the socioeconomic status of their
parents the majority, 72.86% were from a high class (n = 639),
24.74% were of low status (n = 217), and 2.4% were of high
socioeconomic status. All the information about the children
was gathered through their parents, as they were the ones who
answered the scale.

All participants were recruited from the Autonomous
Community of the Basque Country in the North of Spain.

Instrument

The survey entitled “Well-being of Children in Lockdown”
(WCL) was used. The preliminary version of the survey was
drawn up by a group of university professors experienced in
Childhood and Infectious Diseases. In order to create each of
the items, preliminary qualitative information was collected with
regard to the situation of children in lockdown (Idoiaga et al.,
2020; Idoiaga Mondragon et al., 2020). Furthermore, we took as
a reference all of the surveys and works that include the various
dimensions and indicators used for children’s well-being (cited in
the section “Introduction”).

The preliminary version included a total of 26 items, 3 items in
the “Academic” dimension, 4 items in the “Routine” dimension,
2 items in the “Physical activity” dimension, 5 items in the
“Emotions” dimension, 4 items in the “Addiction” dimension,

and 4 items in the “Playful and creative activities” dimension.
A 4-point Likert scale response format was chosen, ranging from
1 = strongly disagree to 4 = strongly agree. In order to ensure both
the validity of the content and applicability of the instrument, this
initial version was subject to a two-step refinement process:

(1) Expert consideration. In order to ensure the validity of
its content, the first version of the survey was submitted
to a panel of 4 experts in research and childhood
education. Using a purpose-designed table, the experts
had to evaluate the dimension corresponding to each
item according to its content, as well as the degree of
precision and clarity. They were also invited to make
suggestions for improving the draft. The only items kept
were those considered by 3 out of the 4 experts to be well
written and those for which all experts agreed on their
inclusion within a given dimension.

(2) Pilot study. A total of 65 parents of children aged
between 2 and 14 years participated with a view to
modifying and/or eliminating the most problematic
items in terms of understanding or those that contained
errors in their formulation. Three items were eliminated
from each dimension, meaning that the final version
(Table 1) was reduced to 22 items.

The final scale consisted of the following 6 dimensions:
Emotions (5 items), Playful and creative activities (4 items),
Academic (3 items), Addictions (4 items), Routine (4 items),
and Physical activity (2 items). The items included in the first
dimension are related to emotions, those in the second dimension
are related to playful or creative activities, the third dimension
consists of items related to academic issues, the items of the
fourth dimension are related to habits of overuse (technology
or eating habits), the fifth dimension is concerned with daily
routines (the maintenance of a daily schedule, e.g., eating and
sleeping habits), and finally, the sixth dimension contains items
related to physical activity. The participants were required to
respond on a 4-point Likert-type scale ranging from strongly
agree (4) to strongly disagree (1). Items 8,9, 10, 11, 14, 15, 16, and
17 were recorded, since they had been formulated in a negative
way. The various subscales were shown to have adequate values
of internal consistency (Cronbach’s alpha > 0.60).

Procedure

The project was approved by the Ethics Committee of the Basque
Country University of [M10/2020/055]. The data were collected
during the period of confinement from March 14th to April 22nd.
This study was conducted ethically according to the principles in
line of the Declaration of Helsinki.

In order to recruit the participants, all the centers registered
in the database of the Department of Education of the Basque
Government were considered, and the schools were asked to
forward these questionnaires to the families of the pupils. Both
the data of the sample and the consent for participation in the
study were collected with the help of Google online forms. Family
members were informed of the research study by e-mail. In the
same questionnaire, it was explained that participation in the
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TABLE 1 | Survey on the well-being of children in lockdown.

(1) Your child has been sent materials, assignments, and homework by your school (¢,Has recibido recursos, propuestas o deberes 1 2 3 4

enviados desde la escuela?)
2) Your child spends enough time on your schoolwork during the day (¢,Dedica un tiempo adecuado al trabajo escolar durante el dia?) 1 2 3 4
Q) Your child has an agreed routine and you try to stick to it (; Tiene una rutina establecida e intentamos mantenerla?) 1 2 3 4
(4) Your child usually has breakfast, lunch, and dinner at the same time each day (¢, Desayuna, come y cena normalmente a la misma hora?) 1 2 3 4
5) Your child gets enough physical exercise during the day (¢,Hace suficiente ejercicio fisico durante el dia?) 1 2 3 4
6) Your child moves his/her body enough (¢, Mueve su cuerpo suficiente?) 1 2 3 4
(7) Your child has healthy sleeping habits (¢ Tiene unos habitos saludables de suefio?) 1 2 3 4
8) Your child cries more than usual (¢ Llora mas de lo normal?) 1 2 3 4
9 Your child feels more nervous than usual (; Esta mas nervioso/a que lo habitual?) 1 2 3 4
(10) You get angry more than usual (;Se enfada mas de lo habitual?) 1 2 3 4
(11) Your child feels sadder than usual (;,Esta mas triste de lo habitual?) 1 2 3 4
(12) Your child is happy (¢,Esta contento?) 1 2 3 4
(13) Your child is eating a well-balanced diet (; Lleva una dieta equilibrada?) 1 2 3 4
(14) Your child is eating more than usual during lockdown (;,Come mas de lo normal en esta situacion de confinamiento?) 1 2 3 4
(15) Your child is eating more treats (e.g., cookies, chocolate, and chips) during lockdown (;, Come mas chucherias (Galletas, chocolate, 1 2 3 4

patatas, etc.) o comida rapida en esta situacion de confinamiento?)
(16) Your child is overusing new technology (¢Esta abusando de las nuevas tecnologias?) 1 3
(17) Your child is watching too many TV programs, cartoons, or movies (;,Esta abusando de ver la tele, dibujos o peliculas) 1 3
(18) Your child is taking part in creative activities (e.g., theater, music, and art) (¢, Realiza actividades para trabajar la creatividad (Teatro, 1 2 3 4

musica, arte. ..)?
(19) Your child plays different games throughout the day (¢, Juega a diferentes cosas a lo largo del dia?) 1 2 3 4
(20) Your child works on school projects with your family throughout the day (¢, Realizamos a lo largo del dia actividades escolares en familia?) 1 2 3 4
(21) Your child does leisure activities with your family throughout the day (¢,Realizamos a lo largo del dia actividades ludicas en familia?) 1 2 3 4
(22) Your child plays with your family throughout the day (¢,Jugamos en familia a lo largo del dia?) 1 2 3 4
Emotions: 8, 9, 10, 11, 12; activities: 18, 19, 21, 22; academic: 1, 2, 20, addiction: 14, 15, 16, 17; routine: 3, 4, 7, 13; physical activity: 5, 6.
TABLE 2 | Mean, standard deviation, rotated factor matrix, and reliability analysis of variables and factors.

M SD F1 F2 F3 F4 F5 F6

ltem 1. 2.92 0,85 0.029 —0.044 0.805 -0.018 —0.022 —0.024
ltem 2. 2.55 0,84 —0.024 -0.125 0.825 —0.012 0.070 0.020
ltem 3. 2.95 0,69 —0.056 0.133 0.184 0.122 0.641 0.119
ltem 4. 3.35 0,65 0.062 0.054 —0.041 —0.022 0.815 0.020
ltem 5. 2.44 0,7 0.064 0.130 0.004 0.147 0.092 0.886
ltem 6. 2.61 0,72 0.160 0.173 —0.050 0.064 0.096 0.875
ltem 7. 3.28 0,66 0.180 0.081 -0.014 0.050 0.709 0.019
ltem 8. 3.18 0,89 0.799 —-0.134 0.158 0.057 0.070 —0.015
ltem 9. 2.9 0,94 0.871 0.027 —0.006 0.169 0.011 0.041
[tem 10. 2.75 0,97 0.874 0.044 0.041 0.157 0.034 0.050
[tem 11. 3.23 0,84 0.800 0.094 —0.084 0.148 0.057 0.112
[tem 12. 3.07 0,67 0.591 0.353 —0.151 0.132 0.161 0.149
ltem 13. 3.38 0,57 0.038 0.202 -0.018 0.348 0.486 0.072
[tem 14. 3.06 0,86 0.214 —0.033 0.097 0.669 0.083 —0.067
[tem 15. 3.12 0,74 0.185 -0.027 0.056 0.745 0.120 -0.010
[tem 16. 2.48 0,84 0.035 0.332 —0.161 0.586 0.046 0.223
[tem 17. 2.5 0,79 0.112 0.175 —0.041 0.579 0.033 0.203
ltem 18 2.64 0,84 —0.052 0.628 0.145 0.024 0.023 0.201
[tem 19. 3.08 0,71 0.079 0.717 —0.003 0.110 0.107 0.196
[tem 20. 2.54 0,87 0.016 0.244 0.701 0.044 0.042 —0.043
ltem 21. 2.92 0,67 0.069 0.834 0.003 0.086 0.150 —0.014
ltem 22. 2.93 0,71 0.064 0.832 -0.074 0.083 0.136 -0.018
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TABLE 3 | Bivariate correlations between all elements of the study and effect size.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
(1) -
@ o0517* -
(0.267)
@ 0062* 0.167%  —
(0.001)  (0.003)
4) -0.027 -0.005 0382 -
(~0.001) (-0.001) (0.15)
(5) —0.0036 —0.016 0.169" 0.100*  —
(-0.001) (—0.001) (0.03)  (0.001)
®) -0.056 —0.067* 0.141* 0.118* 0735~  —
(-0.001) (—0.001) (0.02)  (0.02)  (0.54)
(7) —-0.006 0.031 0262 0430* 0107 0133 -
(—=0.001) (0.001) (0.07) (0.20) (0.02) (0.02)
® 0.417 0.122* 0039 0072 0037 0099 01474*  —
0.02)  (0.002) (0.001) (0.001) (0.001)  (0.03)
©) 0  -0023 0004 008 0.134* 0.184™ 0.156™ 0.641*  —
) (=0.001) (=0.001) (0.001) (0.02) (0.03) (0.02)  (0.41)
(10) 0.023 0.024 0.069° 0089 0.143* 0.182" 0.163 0.678~ 0.781™  —
(0.001) (0.001) (0.001) (0.001) (0.02) (0.03) (0.03) (0.46) (0.61)
(11) —0.042 —0.093* 0.057 0.107* 0.170* 0.241* 0175 0.523* 0648 0.633*  —
(—0.001) (-0.002) (0.001) (0.01) (0.03) (0.08) (0.03) (0.27) (0.42)  (0.40)
(12) —0.085" —0.160" 0.090** 0.185** 0.222* 0.304* 0.220"* 0.273" 0.475" 0477 0586  —
(-0.001) (-0.03) (0.001) (0.03) (0.05) (0.09) (0.05 (0.07) (0.22) (0.23)  (0.34)
(13)  0.014 —0.002 0.265™ 0262 0.190% 0.183™ 0272 006 0.151™ 0.099" 0.125" 0271~  —
(0.001) (-0.001) (0.07) (0.07) (0.03) (0.04) (0.07) (0.001) (0.02) (0.001) (0.01) (0.07)
(14) 0.091 0.011 0.108™ 0.094 0.099" 0.094™ 0.126* 0.186 0.277 0.269* 0.240* 0.201* 0.192*  —
(0.001) (~0.001) (0.002) (0.001) (0.001) (0.001) (0.02) (0.03) (0.07) (0.07) (0.02) (0.04) (0.04)
(15) 002 002 0.124™ 0.108" 0.163* 0.112~ 0.116" 0.206" 0.268™ 0.249" 0.265" 0.231 0287 0447  —
(0.001) (—0.001) (0.02) (0.02) (0.03) (0.02) (0.01) (0.04 (0.07) (0.05 (0.06) (0.05) (0.08)
(16) —0.129* —0.132" 0.162* 0.093" 0.261" 0.250~ 0.164" 0.016 0.158™ 0.179"" 0.197" 0.274™ 0218 0.188" 0.256™  —
(-0.02) (-0.02) (0.03) (0.001) (0.07) (0.08) (0.02) (0.001) (0.03) (0.03) (0.04) (0.08) (0.05)
(17) —0.083 0.004 0.146™ 0.071" 0.231 0.202~ 0.166" 0.160~ 0.198™ 0.234 0212 0.181™ 0.163" 0.174" 0.241 0487  —
(-0.001) (-0.001) (0.02) (0.001) (0.05) (0.04) (0.03) (0.03) (0.04) (0.05 (0.04) (0.03) (0.02) (0.03) (0.08) (0.24)
(18) 0.047 0.036 0.154™ 0.080 0.193* 0.221™ 0.088" -0.078" 0 0.009 0.064* 0.191* 0.175* 0.023 0027 0.224* 0128~  —
(0.001) (0.001) (0.02) (0.001) (0.03) (0.05) (0.001) (—0.001) (0)  (0.001) (0.001) (0.04) (0.03) (0.001) (0.001) (0.05) (0.02)
(19) —0.025 —0.083* 0.161 0.152** 0.266 0.296™ 0.179** 0.005 0.113* 0.121* 0.150* 0.343* 0.227* 0.100% 0.118* 0.321* 0.199* 0477 -
(—0.001) (—0.001) (0.03) (0.02) (0.07) (0.09) (0.03) (0.001) (0.01) (0.2 (0.02) (0.12) (0.05 (0.01) (0.01) (0.10) (0.03) (0.23)
(20) 0.381** 0.406™ 0.130* 0.061* 0.027 -0.0068 0.080* 0044 0014 0037 0011 0055 0015 0067* 0.067* 0031 0047 0148 0.122%  —
(0.145) (0.165) (0.02) (0.001) (0.001) (=0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.02)  (0.02)
@1) —0.03 —0.073" 0.224™ 0.149 0.194™ 0.205™ 0.161* —0.009 0.107 0.124** 0.123* 0.296™ 0.263 0.078" 0.107~ 0.266* 0.193* 0.366™ 0.481 0.166™ -
(-=0.001) (-0.001) (0.05) (0.02) (0.03) (0.04) (0.03) (-0.001) (0.02) (0.02) (0.01) (0.07) (0.068) (0.001) (0.01) (0.08) (0.03) (0.13) (0.23)  (0.03)
(22) —0.096* —0.126" 0.193™ 0.151* 0.184" 0212~ 0.156 —0.019 0.097* 0.115* 0.129* 0.282 0.242* 0.072° 0.097* 0.274* 0.199~ 0.337 0.495" 0.128~ 0.775" -
(-0.002) (-0.02) (0.04) (0.02) (0.03) (0.04) (0.02) (-0.001) (0.001) (0.01) (0.01) (0.07) (0.05) (0.001) (0.001) (0.07) (0.03) (0.11) (0.25) (0.02) (0.60)

**p <0.0000, **p <0.001, *p <0.01.
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study was voluntary and anonymous. Moreover, the parents or
legal guardians of the children gave written consent for two
phases of this research. The questionnaire was filled by the
parents, and it takes around 5 min to fill out. Consent was
given to, first, analyze the data and, second, to make the data
public in scientific articles while respecting anonymity. A total
of 30 questionnaires were excluded for not giving consent for
this second phase.

Statistical Analysis

All of the data were analyzed using the statistics program SPSS
version 24.0 (IBM, Chicago, IL, United States). For the purpose
of comparing the proposed measurement scale, exploratory
factor analysis was carried out to identify the number and
composition of the common factors (latent variables) necessary
to explain the common variance of all items analyzed and to thus
validate the scale.

The calculation that determines the desired sample for this
type of research is calculated through a statistical platform.

Univariate statistics (mean and standard deviation) were
calculated for each item, and factor analysis was carried out to
analyze the dimensionality of the scale.

In each dimension, an independent calculation of the partial
item test was made to estimate the item discrimination rate.
Cronbach’s alpha coefficient was used to calculate reliability.
Confirmatory factor analysis was conducted in an attempt to
confirm the factor structure obtained.

The significance value indicating that the association is
statistically significant has been arbitrarily selected and by
consensus is considered to be 0.05. A 95% confidence carries
an implicit p < 0.05 (Fisher, 1971). For the calculation of the
magnitude of the results, the size of the effect was calculated by
Lenhard and Lenhard (2016) and interpreted by Cohen (1988).

RESULTS

Exploratory Factor Analyses

Once the exploratory factor analysis had been carried out,
6 factors were rotated with 26 items and 4 were eliminated
to obtain a load of less than 0.30. Both the Bartlett statistic
[8325.42(df = 231; P < 0.000)] and the Kaiser-Meyer-Olkin test
(KMO) = 0.799 show adequate fit of the data for subsequent
factor analysis. The six factors extracted explain 62.7% of the
total variance. The first factor explains 22.2% of the variance, the
second factor 12.29% of the variance, the third factor 9.23% of the
variance, the fourth factor 6.81% of the variance, the fifth factor
6.40% of the variance, and the sixth factor 5.82% of the variance.
These data show an excellent fit of a six-dimensional structure for
these items (Garcia et al., 1998) [see Table 1].

The first factor, termed “Emotions,” contains a series of items
(8,9, 10, 11, and 12) that explore emotional aspects. The second
factor “Playful and creative activities” contains items (18, 19,
21, and 22) related to playful and creative activities. The third
factor, “Academic,” consists of items (1, 2, and 20) referring to
educational aspects. The fourth factor, “Addiction,” consists of a

series of items (14, 15, 16, and 17) looking at the overuse of new
technology, or overeating.

Items of the fifth factor (3, 4, 7, and 13) are concerned with
the daily routine, referring to aspects such as timetable, diet,
and sleeping habits. Finally, the sixth factor asks about physical
activity (items 5 and 6). The estimated reliability coefficients were
0.872 for the first factor, 0.783 for the second, 0.696 for the third,
0.627 for the fourth, 0.646 for the fifth, and 0.847 for the sixth
factor. The reliability of the entire scale was 0.804.

For the same scale, Table 2 indicates the main statistics for the
items that make up the scale (mean and standard deviation). It is
clear that the items in intermediate positions near the mid-point
of the cutoft are Item 5, related to the amount of physical activity
during the day (M = 2.44); the items of Factor 3 (Education); Item
2, which is related to how much time they spend on school tasks
(M = 2.44); and Item 10, related to how much time they spend
on school activities with their families (M = 2.54). A similar score
was obtained for Item 17, related to new technology (M = 2.5).

In contrast, higher scores are obtained for the items
corresponding to Factor 5 (Routine), particularly on Item 13,
which is related to whether they eat a well-balanced diet
(M = 3.38), Item 4, which asks if they have breakfast, lunch and
dinner at the same time each day (M = 3.35), and Item 7, which
asks about healthy sleeping habits (M = 3.28).

Bivariate Correlations and Effect Size

Table 3 shows the correlations between all the elements of the
study. It is evident that the highest correlations can be observed
between the elements measuring the same dimension, showing
a larger size of the effect. Effect sizes vary (from no effect to
a large effect).

DISCUSSION AND CONCLUSION

In order to address our proposed objective, the definitive “Well-
being of Children in Lockdown Situations” (WCLS) scale was
submitted to the following statistical tests: exploratory factor
analysis, reliability analysis using Cronbach’s alpha, and bivariate
correlations. The exploratory factor analyses revealed that the
reliability indices were acceptable in all cases, while Cronbach’s
alpha values were found to be above the minimum recommended
value of 0.80 (Nunnally, 1978), with the total alpha for the scale
standing at 0.80, meaning that the reliability of the measurements
can be considered adequate. Further, it has been established that
the factor structure of the scale is compatible with the predicted
factors and reconfirms their weight and level of confidence. Taken
together, the results of all of the analyses indicate that the WCL
has adequate psychometric properties.

This methodological process was analyzed with the objective
of obtaining a reliable and valid research instrument for gathering
information on the well-being of children in a lockdown
situation. In the light of the comments made in the results section,
we can confirm an adequate fit of the data to the dimensional
structure of the items making up the scale. We therefore consider
that this could be a highly useful instrument for evaluating the
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well-being of children amid these challenging circumstances. In
particular, this scale could help to identify how children are
feeling, along with their well-being needs, since this knowledge
will be of vital importance if we are to manage this health crisis in
the best possible way. The size of the scale (22 items) makes this
an easy to use instrument, while its extension—enabling its use at
different stages of education—makes it highly useful.

In order to safeguard the immediate future of all children,
a holistic strategy is needed in response to the uncertainty that
surrounds them as a result of COVID-19. Therefore, it should
be in the interests of all stakeholders—from governments and
researchers to parents—to protect the physical, psychological,
social, and academic well-being of children in this current
public health crisis. In light of all the issues that have already
been mentioned, we consider that the WCL scale represents
an advance in the study of well-being. In particular, this scale
will be useful for both the present health crisis and those that
might arise in the future, particularly since there is currently
no instrument that measures the well-being of children during
a lockdown situation.

Overall, this study shows that WCL-S has satisfactory
psychometric properties. The availability of a reliable and
shortened tool for measuring the well-being of children from
a holistic way in a lockdown situation is important for two
main reasons. First, it could help to explain who has the
situation where children attend to different aspects of their well-
being (emotional, social, academic, and physical), and second,
it could be beneficial from a research perspective, for example
given detailed information of children’s well-being to know who
to prevent and redirect the situation taking into account the
lacks that could be in the different dimensions analyzed from
a holistic view.

In terms of expanding the findings and overcoming some of
the limitations of this study, three general directions for future
research could be recommended. First, to obtain further evidence
of the social, cultural, or religious aspects that can influence
the results, other specific questions or scales could be added in
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Aims: This study aimed to investigate the effects of the fear of COVID-19, level of
physical activity, and gender on negative stress (distress) in an Arab population by means
of structural equations based on partial least squares.

Materials and Methods: The sample population comprised of 459 participants from
four Arab countries (age M = 33.02, SD = 8.46; n = 237 women and n = 222 men).
The level of education was basic (<9 years of study; n = 144), secondary/vocational
(between 9 and 12; n = 178), and university (1 = 137). The “Fear of COVID-19” Scale,
the short form of the “International Physical Activity Questionnaire,” and the “Perceived
Stress Scale” questionnaires were disseminated by emails and social networks via
Google Forms. SMARTPLS software version 3.2.9 was used to model the relationships
between the variables under study.

Results: Results confirmed the links between level of physical activity, fear of COVID-
19, and gender, showing a significant mediating effect of the fear of COVID-19 on the
relationship between gender and general distress. The level of physical activity was also
found to influence the fear of COVID-19, varying depending on gender. In addition, the
model highlighted the presence of a moderation effect of the level of physical activity.

Conclusion: Based on the model presented in the present study, we can conclude
that the COVID-19 pandemic has a profound impact on psychological distress in the
target populations. The impact of the level of physical activity on psychological distress
is shown to be very important during the pandemic phase.

Keywords: COVID-19, fear, gender, general distress, physical activity, partial least square modeling

INTRODUCTION

“Severe Acute Respiratory Syndrome Coronavirus type 2” (SARS-CoV-2) is the infectious agent
responsible for the “Coronavirus disease 20197 (COVID-19), which represents an emerging
communicable disorder characterized by an extremely high infection rate and a relatively high
mortality. This viral outbreak that originated in the city of Wuhan, province of Hubei, mainland
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China, has been officially designated as a global pandemic by
the World Health Organization (WHO), affecting the majority of
countries around the world (Cucinotta and Vanelli, 2020; Rothan
and Byrareddy, 2020). Great fear and perceived threat of the
disease have been directly associated with its rate and route of
transmission (spreading quickly and invisibly) as well as with its
morbidity and mortality worldwide.

The consequences of the spread of the pandemic, its associated
fear, and the impact of the repeated consumption of negative
messages related to COVID-19 (Holmes et al., 2020), in addition
to fake and “post-truth” news divulged on social networks, have
affected not only vulnerable groups but also entire populations.
Lessons learnt from previous natural disasters and hazards have
demonstrated psychological effects to last longer than the episode
itself, with a dramatically high economic impact. For this reason,
all scientists are seriously concerned by both the physical and the
mental health of individuals (Zhou et al., 2020).

In such a context, indeed many people in several countries
are expected to experience emotional, cognitive, physical, and
behavioral reactions. According to several studies, stress, anxiety,
depression (Tan B. Y. et al., 2020; Tan W. et al., 2020), post-
traumatic stress disorder symptoms (Chew et al., 2020), insomnia
(Tan B. Y. et al, 2020; Tan W. et al., 2020), and suicidal
ideation (Hao et al., 2020) have been reported in response to
the pandemic spread. For example, during the Ebola outbreak,
fear-related behaviors increased the population’s rates of suffering
and psychiatric symptoms, which contributed to the increase in
indirect mortality (Shultz et al., 2016).

Even for virus-free households, COVID-19 can act as a
major stressor, resulting in chronic anxiety and exposing
individuals to economic-financial hardship. All these can be
even amplified by the public health interventions (self-isolation,
social/physical distancing, quarantine, and lockdown) that have
been implemented and enforced to curb the pandemic spread.
Such highly stringent and restrictive policies can exacerbate the
feelings of social isolation and can impair and disrupt social
relationships. Besides the stress generated by the disease itself,
the strictures of the confinement are unprecedented and, being
completely new to citizens, can raise concerns about how people
could react at the individual and collective levels. In such a
context, individuals are expected to experience high levels of
stress: this indeed occurs when subjects feel that their resources
are not enough to cope with a given event or situation in a
particularly demanding environment.

Stress levels may increase (Pfefferbaum and North, 2020;
Polizzi et al., 2020; Qiu et al., 2020; Sun et al., 2020; Thakur
and Jain, 2020; Wang et al, 2020a,b) both because of direct
causes, such as fear of contracting the infection and anxiety or
depression after being exposed to the virus (Rajkumar, 2020),
and because of the consequences of the societal and economic—
financial impact of the pandemic (Pfefferbaum and North, 20205
Wind et al., 2020). In addition, several families may be affected by
school closing and lack of free school meals and may experience
problems with employment and changes in daily habits. Wang
et al. (2020a,b) assessed the emotional and the psychosocial
effects of COVID-19 in 194 Chinese cities. The results of
the study showed that approximately 16.5, 28.8, and 8.1%
of the interviewees exhibited moderate-to-severe depression,

anxiety, and stress, respectively. Gender (being female) and
poor health status were statistically significant determinants of
the psychological impact of the outbreak. In another Chinese
survey conducted during the pandemic, the results highlighted a
relevant prevalence rate of depression, anxiety, and stress-related
symptoms (Liu N. et al., 2020; Liu S. et al., 2020).

Concerning the measures that can be taken to counteract
such a burden, there is an increasing body of scholarly evidence
documenting the advantages of exercising or practicing physical
activity in terms of health and psychological gains (Stults-
Kolehmainen et al., 2014). Indeed regular physical activity can
result in positive behavioral changes and in the adoption of a
healthy lifestyle, as such enhancing mental health and fostering
abilities and skills to successfully face stressful events (Long, 1983;
Salmon, 2001).

Several studies have shown that physical activity is an effective
way to reduce stress in adults. Stults-Kolehmainen et al. (2014)
reviewed 55 studies in depth. The majority of studies have
indicated that psychological stress examined through objective
(i.e., life events) and subjective (i.e., distress) measures is linked
to a decrease in the level of physical activity and an increase in
the adoption of sedentary lifestyles (Burg et al., 2017).

Despite the well-known advantages conferred by physical
activity (Weyerer and Kupfer, 1994), this is not regularly
practiced in Arab countries. Few people achieve the minimum
level of physical activity necessary to maintain a good health
status. During the pandemic, despite the quarantine and the
restriction of movement, many people, especially males, began
to practice physical activity in order to strengthen their
immune system, improve mental health, and reduce the negative
psychological impact of the measures implemented (Jiménez-
Pavon et al., 2020). Recent scientometric analysis found that the
most common research topics include emergency and surgical
care, viral pathogenesis, and global responses to the COVID-
19 pandemic, but there is a lack of research on the benefits of
physical activity during the outbreak (Tran et al., 2020a,b).

Therefore, the aim of this investigation was to explore the
impact of fear of COVID-19, level of physical activity, and gender
on negative stress (distress) experienced in an Arab population
by a second-generation statistical method. Indeed second-
generation statistical techniques, called structural equation
modeling (SEM), are currently applied by social scientists to
model the causal links between unobservable variables.

Basically, there exist two major approaches to SEM: one
being covariance-based (CB-SEM) and one based on partial least
squares (PLS-SEM; also known as PLS path modeling). The
former is mainly utilized to confirm (or reject) theories, whereas
the latter is mainly employed to devise new theoretical models
and frameworks. In this paper, given the novelty of the topic
explored, the second approach (PLS-SEM) will be used.

MATERIALS AND METHODS

Ethics Statement

The protocol of this investigation was fully approved by the
UNESCO Chair “Health Anthropology Biosphere and Healing
Systems,” University of Genoa, Genoa (Italy), the College of
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Sport Sciences and Physical Activity, King Saud University,
Riyadh (Saudi Arabia), the Higher Institute of Sport and Physical
Education of Sfax, Sfax (Tunisia), and the Faculty of Letters and
Human Sciences of Sfax, Sfax (Tunisia). The Ethical Committee
of the University of Sfax, Sfax, Tunisia, approved the project.

The present study was conducted in accordance with the
ethical principles of the 1964 Helsinki Declaration and its
subsequent amendments.

Psychometric Instruments

The “Fear of COVID-19 Scale”

The adapted Arabic version of the “Fear of COVID-19 Scale,
developed by Alyami et al. (2020), was employed to quantitatively
assess the fear of COVID-19. Reliability and validity were
inspected in a sample of 693 Saudi participants and confirmed the
uni-dimensional construct of the tool. The internal consistency
was deemed satisfactory (a = 0.88), with a sound concomitant
validity as demonstrated by statistically significant positive
correlations (r = 0.66) with the “Hospital Anxiety and Depression
Scale.”

The initial scale was examined in a sample of 717 Iranian
participants. After evaluation, using both the classical test
theory and the Rasch model, the properties of the scale were
judged satisfactory: internal consistency (o = 0.82) and test—
retest reliability (intra-correlation coefficient = 0.72) were indeed
acceptable (Ahorsu et al., 2020).

Good psychometric properties similar to the original
instrument have been proven for a Turkish version (Haktanir
et al., 2020), an Italian adaptation (Soraci et al., 2020), and a
model built in the Bangla population (Sakib et al., 2020).

The Turkish version (Haktanir et al., 2020) revealed its
measurement robustness and the one-dimensional nature of the
tool in an investigation conducted by recruiting a sample of 1,304
participants, aged 18-64 years, in 75 cities. A variety of analyses
included confirmatory factor analysis, Item Response Theory,
assessment of convergent validity, and internal consistency
(namely, Cronbach’s o, McDonald’s w, Guttmann’s A6, and
composite reliability). Cronbach’s alpha of the Italian version
(Soraci et al, 2020) was also satisfactory (0.871), and the
instrument displayed high reliability. Finally, results of the
confirmatory factor analysis of the Bangla version (Sakib et al.,
2020) confirmed the uni-dimensional factor structure of the scale
and a very good internal reliability.

The Short Form of the “International Physical Activity
Questionnaire”

The physical activity level was assessed by means of the validated
Arabic version of the short form of the “International Physical
Activity Questionnaire” (IPAQ) (Al-Hazzaa, 2007).

This tool has established good psychometric properties in
several populations (Macfarlane et al., 2007; Lee et al.,, 2011;
Vasheghani-Farahani et al., 2011).

The nine-item IPAQ enables to record self-reported physical
activity level in the last 7 days. Scholars can convert the responses
into metabolic equivalent task minutes per week according
to a well-validated scoring protocol: total minutes spent on
vigorous activity, moderate-intensity activity, and walking can be

multiplied by 8.0, 4.0, and 3.3, respectively, to obtain metabolic
equivalent of task (MET) scores for the different physical activity
levels. The MET scores can be summed up to obtain the overall
physical activity level. Based on the scores, three categories are
possible: small, moderate, and high. In this research, we utilized
the classification consisting of three categories to judge the level
of physical activity practiced.

The Arabic Version of the “Perceived Stress Scale”
The “Perceived Stress Scale” (PSS) developed by Cohen et al.
(1983) was employed to quantitatively measure the level of
perceived stress. In particular, the 10-item PSS enables to assess
the global perceived stress experienced in the past 30 days using a
five-point scale (0 = never, 1 = almost never, 2 = once in a while,
3 = often, 4 = very often).

The Arabic version of the PSS was previously assessed in terms
of reliability and validity, with acceptable results. Cronbach’s
alpha coefficient was computed at 0.80 for the overall instrument.
The test-retest reliability yielded an intra-correlation coeflicient
0f 0.90 (Almadi et al., 2012).

Data Collection and Procedures

In the context of the current study, a non-probabilistic,
convenient sampling approach was utilized, and potential
participants were contacted by email by the researchers
contributing to the study from four Arab countries (Saudi Arabia:
n =157, Algeria: n = 102, Tunisia: n = 117, and Libya: n = 83).

The total sample comprised of 459 participants (age M = 33.02,
SD age = 8.46), 237 women and 222 men. The level of education
was basic (<9 years of study; n = 144), secondary/vocational
(between 9 and 12; n = 178), and university (n = 137). The main
characteristics are reported in Tables 1, 2.

The multiple-choice questionnaire was filled by the
participants via Google Forms from May 4 to May 15, 2020. The
survey was sent to the participants and shared as well on social
media and network platforms (including Twitter and Facebook).

After being advised of the study objectives, the respondents
gave their free and informed consent before starting the survey.

No financial incentives were provided to the participants, and
anonymity was maintained to ensure the confidentiality and the
reliability of data.

Statistical Software and Statistical
Analysis

Descriptive data analysis was conducted by means of the
commercial software “Statistical Package for the Social Sciences”
(IBM SPSS software for Windows, version 26.0, IBM Corp.,
Armonk, NY, United States; released 2012), while PLS path

TABLE 1 | Age and gender characteristics of the recruited participants.

Frequency % Age (Mean) Age (SD)
Gender
Male 222 48.4 33.13 8.990
Female 237 51.6 32.92 7.955
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TABLE 2 | Main characteristics of the recruited participants broken down
according to education level, intensity of physical activity, and country.

Frequency %
Country
Saudi Arabia 102 22.2
Algeria 157 34.2
Tunisia 83 18.1
Libya 17 25.5
Age
18-20 years 11 2.4
21-30 years 171 37.3
31-40 years 214 46.6
41-50 years 40 8.7
More than 50 years 23 5.0
Education level
Primary school 144 31.4
Middle school 178 38.8
High school 137 29.8
Physical activity intensity
Low intensity 179 39.0
Middle intensity 141 30.7
High intensity 139 30.3

modeling was carried out using SmartPls Software 3.2.9
(Ringle et al., 2015).

Two steps were carried out sequentially. First, the
measurement model was evaluated and then the structural
model was assessed.

For all the statistical analyses performed, figures with
p-value equal to or less than 0.05 were considered as
statistically significant.

RESULTS

Figure 1 pictorially shows the findings of the PLS analysis,
showing the path coefficients (B), the path statistical significance
(p-value), and the variance explained by the structural model (in
terms of R? values).

Assessment of the Measurement Model

The assessment of the measurement model is a fundamental
step, providing useful details in terms of the reliability and the
validity of the scales employed to assess latent constructs and
their observed indicators (Loehlin, 1998).

There are different criteria that can be utilized to assess
the reliability or the internal consistency of a psychometric
instrument: (i) Cronbach’s alpha, which is based on the inter-
correlations of the observed indicators (if greater than 0.70,
reliability is acceptable; if greater than 0.80, it is considered
excellent), (ii) composite reliability (Hair et al., 2016), and (iii)
reliability coefficient of Dijkstra-Henseler’s rho (pA) (Dijkstra
and Henseler, 2015). The latter indices have a recommended
cutoft value of 0.70 (Hair et al., 2016).

Table 3 shows the values of the three indices for the two
measurement scales of COVID-19 and general distress which,
being greater than 0.70, present adequate reliability.

Convergent Validity
It shows the extent to which observable indicators can converge
to form a latent construct representative of the data.

Convergent validity is measured using the mean extracted
variance (AVE) which must be greater than 0.5. The results of
our study show that the AVEs have acceptable values of 0.745
for COVID-19 fear and 0.758 for the general distress scale (see
Table 3).

Discriminant Validity

Two criteria are widely used for assessing discriminant validity:
Fornell-Larcker criterion [developed by Fornell and Larcker
(1981)] and heterotrait-monotrait (HTMT) [proposed by
Henseler et al. (2015)]. The Fornell-Larcker criterion specifies
that the square root of the AVE of each construct should be
greater than the constructs highest correlation with any other
construct in the model, while the HTMT is an estimate of the
factor correlation (Table 4).

To distinguish between two factors, the HTMT should be
significantly less than 1. Henseler et al. (2015) suggested that
values should be below 0.9 or, better, below 0.85.

Table 5 provides inference statistics for the HTMT values.
These values should be smaller than 0.85 and demonstrate
good reliability.

Indicator Reliability

Another way to assess an individual indicator’s reliability is to
look at outer loadings for indicator constructs, which show how
much variance is explained by the observed variable in terms of
latent constructs (Hair et al., 2016). Table 6 reports the outer
loadings of all indicators of constructs, which are greater than the
minimum acceptable value (0.7).

Assessment of the Structural Model

A structural model can be employed to assess the linear regression
effects of the endogenous construct upon one another (Hair et al.,
2016) by specifying the pattern of the relationships among the
various constructs (Loehlin, 1998).

Collinearity Assessment

To investigate the presence of collinearity within the structural
model, tolerance or variance inflation factor (VIF) criteria can
be applied (Hair et al., 2011). All the indicators of the constructs
under study have a VIF value less than 5 (Table 7), indicating the
absence of collinearity between the indicators.

Coefficient of Determination

According to previous work, the coeflicient of determination
(or R? value) denotes the amount of variation in the dependent
variable(s) that can be explained by one or more predictors,
ranging between 0 and +1 and indicating the predictive accuracy
of the structural model. According to Chin (1998), cutoff values
of 0.19, 0.33, and 0.67 indicate a weak, moderate, and strong
coefficient of determination, respectively.
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FIGURE 1 | The main findings of the partial least squares algorithm reporting path coefficients and R? values.
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Table 8 shows that fear of COVID-19, level of physical activity,
and gender can together explain 72.4% of the variation of general
distress in the population. In addition, gender and physical

TABLE 3 | Internal consistency/reliability and average variance extracted.

Constructs Internal consistency/reliability Average variance

extracted
Cronbach’s Rho_A  Composite
alpha reliability
COVID-19 fear 0.943 0.943 0.953 0.745
General distress 0.936 0.936 0.949 0.758

TABLE 4 | The Fornell-Larcker criterion.

COVID-19 fear Gender General distress Physical activity

activity can explain 69.0% of the variance of fear of COVID-19,
while 31.3% of the variance in physical activity can be explained
by a gender effect.

f2 Effect Size
According to Cohen (1988, p. 413), 0.02 f2> values for
the significant independent variables indicate a weak effect,
whereas 0.15 and 0.35 indicate moderate and substantial
effects, respectively.

Table 9 shows that the effect sizes of COVID-19 fear, gender,
and physical activity on general distress are 0.111, 0.030, and
0.333, respectively. This shows that physical practice has a

TABLE 6 | Indicator reliability.

COVID-19 fear General distress

CF1 0.871
COVID-19 fear 0.863 CF2 0.870
Gender 0.711 1.000 CF3 0.856
General distress 0.775 0.629 0.871 CF4 0.850
Physical activity —0.753 —0.559 -0.792 1.000 CF5 0.866
CF6 0.858
CF7 0.871
TABLE 5 | The heterotrait-monotrait ratio of correlations. S 0.878
Fear of COVID-19 Gender General distress s2 0868
S3 0.875
Gender 0.732 S4 0.870
General distress 0.824 0.650 S5 0.863
Physical activity 0.775 0.559 0.818 S6 0.870
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TABLE 7 | Collinearity assessment.

Indicators VIF Indicators VIF
CF1 3.126 S 3.214
CF2 3.144 S2 2.976
CF3 2.927 S3 3.198
CF4 2.859 S4 3.214
CF5 3.085 S5 3.135
CF6 2.859 S6 3.288
CF7 3.183

TABLE 8 | R? of endogenous constructs.

Scale R2
COVID-19 fear 0.690
General distress 0.724
Physical activity 0.313

TABLE 9 | Effect size (f2).

COVID-19 fear General distress Physical activity

COVID-19 fear
Gender

0.111
0.0380
0.333

0.395
0.593

0.455
Physical activity

medium effect size, while COVID-19 fear and gender have low
effect sizes. In addition, great effects of gender and physical
activity on fear of COVID-19 have been highlighted. Finally, a
large size effect of physical activity on gender was recorded.

Predictive Relevance Q2

Stone-Geisser’s Q2 value (Geisser, 1974; Stone, 1974) measure
is an indicator of predictive power or predictive relevance.
Running the blindfolding procedure, we got Q-values greater
than zero (Table 10), indicating that our path model’s predictive
relevance is high.

Standardized root mean square residual

According to Henseler and Sarstedt (2013), the standardized
root mean square residual (SRMR), computed as the difference
between the observed correlation and the predicted correlation,
can be considered as an absolute goodness-of-fit measure
particularly adequate for PLS-SEM-based models. Values less
than 0.10 up to 0.08 (in a conservative sense) are judged as
a good fit (Hair et al., 2016). Our model has a good SRMR
(0.034).

Effects Testing
To validate the direct and the indirect link hypotheses,
a bootstrapping procedure (Davison and Hinkley, 1997) is
generally used to test the statistical significance of the coefficients.
Tables 11, 12 report both significant direct and indirect effects
in the path model and show means, standard deviation, and ¢-
and p-values.
Both the cause-and-effect relationships imply that exogenous
constructs directly affect endogenous ones without any

TABLE 10 | Predictive relevance Q2.

Sum of squares Q? (=1 — SSE/SSO)
of observations

Sum of squares of
prediction errors

(SSO) (SSE)
COVID-19 fear 3,213.000 1,674.892 0.510
General distress 2,754.000 1,279.696 0.535
Physical activity 459.000 316.647 0.310

TABLE 11 | Results of bootstrapping for structural model direct effects evaluation.

M SD T P-values
COVID-19 fear — general distress 0.361 0.051 7.001 0.000
Gender — COVID-19 fear 0.421 0.037 11.304 0.000
Gender — general distress 0.108  0.047 2.365 0.018
Gender — physical activity —0.559  0.085  16.091 0.000
Physical activity (moderator) — —0.147 0.036 4.086 0.000
general distress
Physical activity — COVID-19 fear —-0.519  0.038 13.656 0.000
Physical activity — General distress ~ —0.511 0.047 10.778 0.000
TABLE 12 | Results of bootstrapping for structural model indirect
effects evaluation.
Paths 1 SD T P-values
Gender — physical activity — COVID-19 0.290 0.028 10.233  0.000
fear
Gender — COVID-19 fear — general 0.152 0.026 5.794 0.000
distress
Physical activity — COVID-19 fear — —0.187 0.030 6.225 0.000
general distress
Gender — physical activity — COVID-19 0.105 0.018 5.762 0.000
Fear — general distress
Gender — physical activity — general 0.286 0.083 8.774 0.000
distress
Physical activity (moderator) — general -0.15 0.03 4.54 0.000

distress

systematic influence from other variables. However, the
inclusion of a third variable in the analysis may impact
on the model’s relationships. The two major effects are
mediation and moderation.

Mediation occurs when a third variable (called the mediating
variable) is present in the model (example, COVID-19 fear).
A change in the exogenous construction (for example, gender)
may lead to a change in the mediating variable, which, in
its turn, modifies the endogenous construction (for example,
general distress).

In the present research, we have a mediating effect of COVID-
19 fear which intervenes in the relationship between gender and
general distress. At this level, a gender effect (the highest score
attributed to the female gender) increases the fear of COVID-19
and therefore the general distress. In addition, another mediating
effect is given by the level of physical activity: in the presence of
this variable, the fear of COVID-19 varies by gender.

The other effect present in the model is moderation: when it
is present, the direction and the strength of a given relationship
between two constructions depend on a third variable. As such,
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the nature of the relationship between COVID-19 fear and
general distress can differ depending on the values of the third
variable (in our case, the level of physical activity). In other
words, people who engage in physical activity and are afraid
of COVID-19 do not have a great deal of stress compared to
those who do not.

Figure 2 pictorially illustrates the moderation effect of the
level of physical activity on the relationship between general
distress and COVID-19 fear.

DISCUSSION

The aim of the present investigation was to develop and assess
a model that examines the impact of COVID-19 fear, level of
physical activity, and gender on general distress.

Results confirmed the links between level of physical activity,
fear of COVID-19, and gender. They showed a significant
mediating effect of COVID-19 fear in the relationship between
gender and general distress. At this level, the female gender is
more afraid of COVID-19, and the mediation effect is manifested
by an effect on general distress. In addition, physical activity has
an effect on COVID-19, varying by gender.

Furthermore, the results highlighted the presence of a
moderation effect: physical activity practitioners, even if they are
afraid of COVID-19, have a lower general distress score than
those who do not practice physical activity.

In line with our results, Qiu et al. (2020) attempted to measure
psychological distress in the general population of China during
the COVID-19 pandemic. The authors found that, with respect
to men, women were more vulnerable to stress and more likely
to develop post-traumatic stress disorder. Similarly, a study
conducted in Iran has shown that women experience more
distress. The age of the participants and their level of education
did not predict distress in the two countries. In contrast, exercise
hours predicted distress both in Iran and China.

Fear is an adaptive defense mechanism fundamental
and instrumental to survival (Ornell et al., 2020), involving
biological processes necessary to react to potentially

life-threatening events. On the other hand, if chronic or
disproportionate, it can become harmful and can result in
various psychological/psychiatric diseases.

When individuals feel that their resources can help them
cope with the demands of a given stressor, stress is perceived
as a challenge, but when the demands are particularly taxing,
overwhelming and straining their resources, stress becomes
a threat (Blascovich, 2008). After a threat assessment, stress
generally results in a series of psychological and/or physiological
responses (Chrousos, 2009). The harmful effects of stress on
health are well-known and include both psychological (i.e.,
generalized anxiety disorder, depression, post-traumatic stress
disorder) and physiological (i.e., cardiovascular disease, obesity,
type 2 diabetes) consequences (Thoits, 2010).

In another study, Aldana et al. (1996) examined the
relationship between physical activity during leisure time and
perceived stress in 32,229 adults. The results indicated that
employees with high physical activity were less likely to have high
perceived stress. In addition, working adults who are engaged
in moderate amounts of physical activity have about half the
perceived stress rate of inactive people.

Wunsch et al. (2017) have shown that physical activity and
exercise during a school exam period may reduce the negative
impact of stress on health outcomes. As such, sustained levels
of physical activity should be maintained during periods of
high stress to avoid negative effects on sleep and well-being.
On the other hand, it should be noted that the relationship is
reciprocal. Sloan et al. (2013) showed that a sedentary lifestyle was
positively associated with an increase in psychological distress,
while regular physical activity was inversely associated with it.
Similar results have been reported by Hamer et al. (2010) on
a large sample in Scotland and by Atkin et al. (2012) who
highlighted this relationship for workers in the United Kingdom
(N =2,707).

However, in another study, Kim et al. (2008) examined the
relationship between psychological distress and physical activity
using a dose-response approach (total, professional, and leisure).
A long duration (1 h/day) of physical activity was associated
with a score of lower distress, but the relationship appeared
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FIGURE 2 | Moderation effect of physical activity on the relationship between general distress and COVID-19 fear.
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to vary depending on the activity performed, with the type
of activity being a determinant of the psychological benefits
conferred by physical activity. Therefore, physical activity should
be incorporated as part of the cognitive behavior therapy (Ho
et al., 2020) and psychoeducation (Tran et al.,, 2020a,b) during
the COVID-19 pandemic.

To summarize, physical activity appears to be an effective
means of maintaining a good health status and even
improving/enhancing mental and physical health during the
COVID-19 outbreak. In this perspective, Jiménez-Pavon et al.
(2020) have proposed physical exercise as therapy to counteract
or at least mitigate the mental and physical consequences
of COVID-19-induced restrictive measures especially among
vulnerable groups, such as the elderly. However, the precise
nature, type, and duration of this activity should be carefully
evaluated and warrant further research.

Limitations

Like all studies, the present investigation also has a number
of limitations that should be acknowledged. For instance, the
socio-economic status of the participants has not been explored.
However, links have been highlighted between socio-economic
status and COVID-19-related behaviors. Indeed Tran et al.
(2020a,b) concluded that economically vulnerable populations
are at the highest risk of suffering if they are affected by COVID-
19. In addition, self-medication was the most widely used method
to remedy health problems. Finally, the dates on which the
questionnaires were filled do not coincide with the peaks of the
pandemic and present some variations among countries. As such,
further research is needed: a high-quality longitudinal survey
could capture behavioral and psychological changes during the
different phases of the outbreak.

CONCLUSION AND
RECOMMENDATIONS

From the model presented in this study, the COVID-19 pandemic
has an impact on psychological distress in the target populations.
The effect of physical activity on psychological distress is shown
to be very important during the pandemic phase. It can be
recommended for stress management and adaptation during the
pandemic period. In addition, many people have shown that they
have not reduced their physical activities as a response to this
emergency despite the stringent safety measures taken.
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The governmental lockdowns related to the COVID-19 pandemic have forced people to
change their behavior in many ways including changes in exercise. We used the brief
window of global lockdown in the months of March/April/May 2020 as an opportunity
to investigate the effects of externally imposed restrictions on exercise-related routines
and related changes in subjective well-being. Statistical analyses are based on data
from 13,696 respondents in 18 countries using a cross-sectional online survey. A mixed
effects modeling approach was used to analyze data. We tested whether exercise
frequency before and during the pandemic would influence mood during the pandemic.
Additionally, we used the COVID-19 pandemic data to build a prediction model, while
controlling for national differences, to estimate changes in exercise frequency during
similar future lockdown conditions depending on prelockdown exercise frequency.
According to the prediction model, those who rarely exercise before a lockdown tend to
increase their exercise frequency during it, and those who are frequent exercisers before
a lockdown tend to maintain it. With regards to subjective well-being, the data show
that those who exercised almost every day during this pandemic had the best mood,
regardless of whether or not they exercised prepandemic. Those who were inactive
prepandemic and slightly increased their exercise frequency during the pandemic,
reported no change in mood compared to those who remained inactive during the
pandemic. Those who reduced their exercise frequency during the pandemic reported
worse mood compared to those who maintained or increased their prepandemic
exercise frequency. This study suggests that under similar lockdown conditions, about
two thirds of those who never or rarely exercise before a lockdown might adopt an
exercise behavior or increase their exercise frequency. However, such changes do not
always immediately result in improvement in subjective well-being. These results may
inform national policies, as well as health behavior and exercise psychology research on
the importance of exercise promotion, and prediction of changes in exercise behavior
during future pandemics.

Keywords: mood, motivation, physical activity, habit, health

INTRODUCTION

Regular exercise and physical activity improve physical fitness and help reduce the incidence of
various chronic diseases and physical disabilities (Warburton and Bredin, 2017). Although there
are risks of injury associated with participating in certain sports, regular exercise and physical
activity are recommended to be part of a healthy lifestyle. The World Health Organization (WHO)
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advises adults to accumulate at least 150 min of moderate-
intensity aerobic physical activity during the week, and additional
muscle strengthening activities on two or more days a week
(WHO, 2018). These activities should be performed in bouts of
at least 10 min in duration during most days of the week.

Exercise also has psychological benefits and is believed to
lead to better subjective well-being (SWB). Although many
people will understand the meaning of the concept “well-being”
intuitively, there are different views about its conceptual makeup.
In psychology, SWB is often defined as a multi-faceted construct
composed of affective and cognitive components (Diener et al.,
1999). Defining these components is important as they have
often been used wrongly and interchangeably in the literature
(Ekkekakis, 2011). At the core of the affective component is a
valenced feeling (pleasure/displeasure) that is primitive and does
not require cognitive processing (Russell and Feldman Barrett,
2009). Core affective feelings are always present in emotions
and moods. Both emotions and mood imply cognitive appraisal,
and a strong cultural influence is assumed on their formation.
Emotional states (e.g., fear, guilt, and pride) are often short-
lived, higher-intensity responses to identifiable stimuli; whereas,
moods (e.g., irritation, cheerfulness, and grumpiness) are often
less intense and longer-lived, and sometimes have less identifiable
stimuli (Ekkekakis, 2011). There are chronic and acute effects
of exercise on SWB. Both have been studied with the general
population and in people living with chronic disease.

There are numerous studies on the chronic psychological
benefits of exercise, and many of them relate to changes in
mood. For example, data from genome-wide association studies
with 611,583 adult participants show that physical activity
(measured via accelerometry) is a protective factor against the
risk of developing Major Depressive Disorder (Choi et al., 2019).
A meta-analysis of prospective cohort studies suggests that the
protective effects of physical activity against depression are
comparable in youth, adults, and the elderly population across
the globe (Schuch et al.,, 2018). The chronic effects of exercise on
SWB are similar in healthy individuals (Diener et al., 2017; Panza
et al,, 2019), although studies in this area are sometimes of lower
methodological quality than those related to depression.

Population-based survey studies for example showed that
those who exercise at least two to three times a week, report
significantly less stress, cynical distrust, and anger than less active
individuals (Hassmén et al.,, 2000). Although the majority of
the studies on chronic psychological benefits of exercise confirm
that exercise can contribute to better SWB and mood (Wicker
and Frick, 2017), and has protective effects against depression
(Ekkekakis, 2015; Schuch et al., 2016), it would be wrong to
claim that exercise always and automatically leads to more well-
being. For example, an epidemiological study including 162
monozygotic twin pairs illustrated that a twin, although he or
she claims to be an exerciser, will not necessarily report better
well-being than his or her less active sibling (Stubbe et al.,
2007). Although genetic factors influence both exercise behavior
and well-being (Stubbe et al., 2007; Schutte et al., 2017), the
relationship between the two variables is obviously mediated by
other variables.

Actually, there are nuances with respect to how people feel
with a single bout of exercise. While research findings on the

acute effects on SWB and mood are often difficult to interpret, the
evidence on the effects on core affect is very clear (Ekkekakis and
Brand, 2019). During exercise, intensity is a moderating variable
of eventual “feel better” effects. Positive affect is most likely to
appear with low- and only sometimes with moderate-intensity
exercise. During vigorous-intensity exercise negative changes in
core affective valence become universal due to the dominance of
aversive proprioceptive sensations (e.g., heavy breathing, intense
sweating, and sore muscles) (Ekkekakis et al., 2011). Learned
cognitive appraisals are needed to transform perceived negative
core affect during and after exercise into a resulting overall
state of positive SWB. Once such appraisal has been learned
(Antoniewicz and Brand, 2016), exercise might begin to have
its beneficial effects on mental health. Therefore, in order to
benefit from these positive changes, exercise has to be performed
regularly and consistently over a period of time.

According to a recent literature review initiated by the
United Kingdom Economic and Social Research Council,
exercise-induced improvements in well-being may even be
considered as an effective measure to increase labor productivity
on a national scale (Isham et al., 2020). Against the background
of all these findings, it is not surprising that international
health organizations and national governments have committed
themselves to facilitating and promoting exercise for the public
(Breda et al., 2018).

In the early months of 2020, COVID-19 pandemic reached
a peak in many countries and by March and April, almost all
countries around the world reinforced a certain type of lockdown
restriction. The restrictions which can affect exercise behavior
include closing of gyms and fitness clubs, as well as restricted
access to parks and outdoor environments.

This brief period of time provided a unique opportunity
to investigate the effects of externally imposed restrictions on
exercise behavior and the respective changes in SWB (mood)
on a very large and global scale. We expected to see an overall
decrease in exercise levels with respective negative effects on
mood. The study further aimed to establish a prediction model
that can estimate the changes in exercise behavior during a
lockdown depending on prepandemic exercise behavior. A model
like this may be useful to predict changes in the future
for conditions similar to the governmental lockdowns in the
early months of 2020.

MATERIALS AND METHODS

This study used a cross-sectional design to investigate changes in
exercise behavior during the lockdown restrictions of the current
coronavirus pandemic and its relation to changes in mood. We
used the brief period of lockdown restrictions and tried to reach
participants all over the world. A mixed (fixed and random)
effects model approach was used to analyze data. The study was
conducted by the International Research Group on COVID and
exercise (IRG). Data were collected between March 29, 2020
and May 7, 2020. The IRG is headed by the three authors of
this article, and consists of 34 researchers who helped to make
the questionnaire available in 18 languages (Arabic, simplified
and traditional Chinese, English, Farsi, Filipino, Finnish, French,
German, Greek, Icelandic, Italian, Malayan, Polish, Portuguese,

Frontiers in Psychology | www.frontiersin.org

September 2020 | Volume 11 | Article 570567


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Brand et al.

Exercise During COVID-19

Russian, Spanish, and Turkish). All IRG members are listed in
the acknowledgments of this article.

Sample Size

No statistical methods were used to predetermine sample size.
IRG members disseminated the link to the survey in their home
countries (and possibly beyond) via personal networks, social
media and press releases. Because different nations relaxed their
COVID-related rules and regulations at different times in March,
April, and May 2020, the IRG networkers were responsible to
indicate when such changes would impact our research to the
extent that would render the research question meaningless (e.g.,
opening of gyms, outdoor parks, etc.). For example, on April
19, restrictions in Germany were decisively relaxed; therefore,
we decided to exclude the subsequent collected data from our
statistical analyses. However, the sample size corresponds to the
recommendations for sufficient power in hierarchical modeling
(Nakagawa et al., 2017).

Participants

A total of 16,137 individuals from 99 countries filled out the
questionnaire. Information on presence of COVID-19 symptoms
or a diagnosis was collected to exclude these individuals from
the statistical analyses (n = 1,085). No further information,
for example on physical or mental disabilities, was collected
in this study. For the mixed effect models (see below), only
data from countries with more than 100 participants were used.
The statistical analysis thus included data from participants in
Europe, Asia, as well as South and North America. There were
five countries with more than 1,000, 11 with more than 500, and
18 with more than 100 participants (countries and exact numbers
of participants in countries are listed in Table 1). This resulted
in a total sample of 13,696, who were on average 34.1 years
old (SD = 14.4); men (39.1%), women (59.5%), and participants
with other gender identities (1.4%). Of those, 13,673 participants
provided full data for the exercise behavior change analysis
and 13,500 for the analysis of the associations between exercise
behavior and mood. Descriptive statistics on gender distributions
and age in countries are summarized in Table 1.

Variables

The data were collected with an online survey by using the
Unipark web-based survey software. Participants were able to
skip any questions they did not want to answer or stop answering
the questions entirely at any point.

Exercise Behavior

Exercise frequency during the pandemic was measured with the
question “how often have you exercised lately (during COVID-
19)?” Possible answers were “never,” “once in a while,” “once a
week,” “2 days a week,” “3 days a week,” “4 days a week,” “5 days
a week,” “6 days a week,” and “every day.” We defined exercise
for participants as any activity they choose to do as their exercise
(e.g., workouts at home, running outside, etc.). Participants were
also informed that any physical activity as part of their occupation
must not be included unless they are a professional fitness coach
or have a similar profession. For statistical analysis, the answers

TABLE 1 | Descriptive statistics on gender and age distribution across different

nations.

Country n % female Mean age (SD)
Austria 146 53 31.8 (£12.3)
Brazil 595 63 34.4 (+£11.6)
China 821 55 26.4 (+10.3)
Finland 472 62 41.4 (£11.5)
Germany 2,061 61 37.5 (+£13.5)
Greece 156 58 32.5(£12.8)
Iceland 826 76 41.2 (£12.5)
Iran 206 68 34.0 (+9.6)
Italy 1,834 49 37.0 (£16.3)
Malaysia 379 62 32.2 (+£12.5)
Philippines 1,202 58 32.4 (+£13.2)
Russia 118 57 24.8 (+10.4)
Spain 592 54 31.3 (+12.5)
Switzerland 2,222 67 29.7 (£12.9)
Taiwan 1,103 57 35.9 (£15.1)
Turkey 680 62 30.4 (+£20.1)
United Kingdom 102 59 41.1(£13.2)
United States 181 70 39.3 (£13)
Analyzed data set 13,696 59 34.1 (+£14.4)
Additional participants (not 2,441 55 36.2 (£14.2)
included in the analysis)

Total 16,137 59 34.4 (£14.4)

“once in a while” and “once a week” were combined as “1 day
or less,” the answers “2 days a week” and “3 days a week” were
combined as “2-3 days,” “4 days a week” and “5 days a week” were
combined as “4-5 days” and “6 days a week” and “every day” were
combined as “almost every day.” Exercise frequency before the
pandemic was measured and processed in the same format.

In addition, participants were also asked about their typical
exercise intensity (“What would you say the intensity of this
exercise was each time you did it?”) and they could respond
choosing “low;,” “moderate;” “high,” or “very high” intensity. The
options “high” and “very high” intensity were combined to “high
intensity” for the analysis, because the original distinction did
not yield further insights. Participants were also asked about
their exercise session length during the pandemic compared to
prepandemic (“Were your exercise sessions during COVID-19 on
average shorter or longer than before COVID-19?”) and could
choose between “shorter, “longer,” or “they were of about the
same duration.”

Mood

Mood was measured with 16 items from the Profile of Mood
Scale (POMS) (McNair et al., 1971). The POMS is a heavily used
psychometric questionnaire that measures general well-being in
the clinical field both with the general population and people
with chronic disease as well as in sport and exercise psychology
research (Leunes and Burger, 2000). In its original form it
presents a list of 65 adjectives that describe feelings people have
(e.g., “tense” and “active”). The participants are asked to rate
each item (adjective) by indicating whether they experienced the

respective feeling “not at all,” “a little,” quite a lot”

» «

moderately,
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or “extremely” now and/or in the past few days. In our study,
participants were asked to report how they felt “in the last few
days during COVID-19.”

The POMS exists in various short versions and language
formats, each with different combinations of items which results
in different subscales. It is often impossible to match the items
from the translated version to the English version with certainty,
perhaps due to historic reasons and that there were different
standards in transparency and reproducibility of research 20-
40 years ago. For this study, we used the 16-item POMS from
a German short screening version, which was psychometrically
tested using data from a large national and representative sample
(Petrowski et al., 2020). The German items were then matched
with the English originals by the authors as thoroughly as
possible, and translated from English into the respective survey
language by the IRG networkers. These 16 items allow subscores
for “depression/anxiety,” “vigor, “fatigue,” and “irritability”;
however, we have only used the total score in our analysis.
The higher values on POMS indicate a more positive mood. In
our study, the 16-item POMS total score achieved an internal
consistency (reliability) across all language versions of Cronbach’s
o = 0.89. Mean total scores were calculated if at least 10 items of
the scale were answered by the participants.

Statistical Analysis

Due to the hierarchically structured (i.e., participants nested in
countries) and unbalanced (i.e., different numbers of participants
in countries) data set, a mixed models regression approach was
used for investigating the main research questions. All analyses
were performed with the R software (R Core Team, 2019), and
the Ime4 (Bates et al., 2015) and the Ordinal (Christensen, 2019b)
packages for mixed modeling.

Cumulative link mixed-models (CLMM) (Christensen, 2019a)
were utilized to predict the probabilities of exercising at the five
frequency levels (“never,” “1 day or less,” “2-3 days,” “4-5 days,”
“almost every day”) during the pandemic by the five frequency
levels of “exercise before the pandemic” (“never,” “1 day or less,”
“2-3 days,” “4-5 days,” “almost every day”). The variable “country
of residence” was included as a random effect.

A linear mixed model (LMM) was used to analyze the
influence of exercise behavior on mood. This model was run
with mood as the numerical response variable and “exercise
frequency before the pandemic” and “exercise frequency during
the pandemic” as categorical fixed factors (with the five levels
“never;; “1 day or less,” “2-3 days,” “4-5 days,” and “almost
every day”). The variable “country of residence” was included
as a random effect. All fixed effects were specified with
sum contrasts. Therefore, the LMM returns the grand mean
dependent variable as intercept and the fixed-effect parameters
as deviations from the grand mean. Pairwise post-hoc tests were
used to compare the mood differences between all exercise
frequency levels during the pandemic (e.g., never exercising
before and during vs. never exercising before and 2-3 days
during). Multiple testing was adjusted with the “Holm” method
(model formulations, fit indices and model coefficients are
provided in Supplementary Table 3).

RESULTS

Exercise Behavior Change

The results show that 44.2% of the participants reported no
change, 23.7% reported a decrease, and 31.9% reported an
increase in their exercise frequency during the coronavirus
pandemic (0.02% missing values; Supplementary Table 1 for
more descriptive information).

Of those who exercised during the pandemic, 52.3% reported
being physically active at similar, 30.2% at lower, and 9.1% at
higher exercise intensities. Also, 35.7% reported the same exercise
duration, 31.4% reported shorter, and 24.5% reported longer
exercise duration. This information is presented in Figure 1
with more details.

A statistical model was created that can be used to
predict changes in exercise frequency during similar lockdown
conditions, depending on prelockdown exercise frequency.
Exercise intensity and exercise duration were not included in
this multilevel model because the combination of all exercise
levels (“prepandemic” and “during the pandemic”) with these
two ordinally ranked additional variables would have multiplied
the complexity of the model and would have made statistical
effects uninterpretable.

Predicting exercise frequency during lockdown conditions
with prelockdown exercise frequency significantly improved the
model fit compared to the null model, szre (4) = 3854.74,
p < 0.001. Exercising more frequently before the pandemic
significantly increased the log odds for exercising during the
pandemic (bpre1—4 = 1.21-4.06, p < 0.001). Adding “country
of residence” as a random effect significantly improved the
model fit compared to the model without the random effect,
chountry (1) = 1197.26, p < 0.001, supporting the rationale for
using a mixed model. In the next step, “exercise before the
pandemic” was added to the model as a random slope. This
resulted in significant improvement in model fit, xzpre\wumy
(14) = 108.75, p < 0.001, meaning that the probability of
exercise frequency during the pandemic was dependent on
exercise frequency before the pandemic and differed between
the countries (see Supplementary Table 2 for full model
specification). This indicates that potential differences in
lockdown policies may have subsequently affected the changes
in exercise behavior. In the fitted model, the fixed effect and
random effects together explain 31.5% of variance (conditional
R?) in the dependent variable. Table 2 summarizes the complete
statistical results.

Figure 2 is a heatmap that illustrates the exact predictions
of our model for future similar governmental lockdowns. For
example, those who exercise almost every day, 4-5 days per
week, and 2-3 days per week before a lockdown will most likely
maintain their exercise frequency during a lockdown. Specifically,
those probabilities are 62%, 33.8%, and 33.2%, respectively.
However, those who exercise 1 day or less or those who never
exercise before alockdown will most likely increase their exercise
frequency. Those who exercise 1 day or less will most likely
(34.5%) increase their exercise frequency to 2-3 days per week,
and those who are inactive before a lockdown will most likely
(35.9%) increase their exercise frequency to 1 day or less per week.
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Longer

Almost every day -

4-5 days -

2-3 days A

1 day or less

Predicted exercise during a lockdown

Never

Percent

2.9%

Never 1 day or less

2-3 ;jays
Exercise frequency before a lockdown

FIGURE 2 | Model predictions on the probabilities of exercising during similar lockdown conditions, depending on prelockdown exercise frequency. Lighter colors
indicate smaller probabilities and darker colors indicate larger probabilities. If the darkest colors were all on the diagonal from bottom left to top right, this would
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Exercise and Mood

Results of the LMM show that during the coronavirus pandemic
restrictions, exercise before the pandemic (xzpm [4] = 67.38,
p < 0.001), exercise during the pandemic (xzdmi,,g [4] = 426.44,
p < 0.001), and the interaction of these two factors (x> pre x during
[16] = 64.14, p < 0.001) explained significant variability in
mood during the pandemic. This means that the relationship

between exercise during the pandemic and mood is different
depending on how much exercise was done before the pandemic.
Modeling the influence of exercise frequencies during the
pandemic with random slope substantially improved model
fit, X2 duringlcountry (14) = 35.38, p = 0.001. This means that
correlations between exercise frequency during the pandemic
and mood vary between countries (see Supplementary Table 3
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TABLE 2 | Change in exercise behavior.

Model: Exercise during the pandemic

Estimate (SE) OR [95% CI] P
Location Coefficients
Exercise before the pandemic
1:1 day or less 1.21(0.18) 3.36 [2.35-4.80] <0.001
2: 2-3 days 1.91(0.19) 6.75 [4.63-9.83] <0.001
3: 4-5 days 2.71(0.21) 15.07 [10.06-22.60]  <0.001
4: Aimost every day 4.06 (0.24) 58.16 [36.38-92.98]  <0.001
Threshold Coefficients
Never | 1 day or less —0.81(0.26)
1 day or less | 2-3 days 0.70 (0.26)
2-3 days | 4-5 days 2.15 (0.26)
4-5 days | Almost every day 3.57 (0.26)
Random effects
62 3.29
TO0Country 0.88
T11Country.1 dayorless 0.23
T11Country.2—3 days 0.30
T11Country.4—5 days 0.39
T11Country Almosteveryday 0.60
NCountry 18
Observations 13,673
Conditional R? 0.315

Statistical results for the CLMM predicting exercise frequency during a lockdown
with prelockdown exercise frequency.

for full model specification), and that our model controls for
this variation. In the fitted model, the fixed effect and random
effects together explain 8.5% of variance (conditional R?) of the
dependent variable.

Figure 3 shows the predicted values for mood at each of
the five exercise frequency levels during the pandemic (within
the five columns), and grouped for each exercise frequency
level before the pandemic (five columns). Those who exercised
almost every day during the pandemic had the best mood
regardless of whether or not they exercised before the pandemic
(baurings = 0.23, p < 0.001), and there seems to be an almost
linear positive correlation between exercise frequency during the
pandemic and mood.

Post-hoc tests revealed that of those who “never” exercised,
exercised “1 day or less,” or “2-3 days” before the pandemic,
only those who increased their exercise frequency to “every day”
during the pandemic (compared to those who maintained their
pre-pandemic exercise frequency) reported significantly better
mood states (bprEO:during4—O =0.33,p=0.03; bprel:during4—1 =0.21,
P = 0.001; byrer:duringa—2 = 0.12, p < 0.001). Those who reduced
their exercise frequency reported worse mood states compared
to those who maintained or increased their exercise frequency
during the pandemic (e.g., byrez:duringi—2 = —0.24, p = 0.001;
bpreS:during273 = —0.16, p = 0.001; bpre4:during3f4 = —0.16,
p <0.001). The only exception to the above is those who exercised
“1 day or less” before the pandemic and were not physically active
at all during the pandemic. Their mood did not differ from those
who maintained their exercise frequency at “1 day or less” during

the pandemic (byre1:duringo—1 = —0.12, p = 0.09). Results of all
post-hoc tests are summarized in Table 3.

DISCUSSION

This study took advantage of the lockdown rules and regulations
imposed by governments from around the world during the
first wave of the COVID-19 pandemic in the months of
March/April/May 2020 to examine how such changes in people’s
lives affect exercise behavior and SWB. We investigated mood
as a component of SWB. Moreover, we have accounted for
the differences between lockdown restrictions in each country
which can ultimately affect exercise behavior in each nation.
Using data from more than 13,000 individuals from 18 countries,
we created a model that allows us to predict changes in
exercise behavior during a lockdown based on prelockdown
exercise behavior. According to this model we conclude that
the probability of maintaining exercise frequency during a
lockdown for those who exercise before a lockdown and the
probability of adopting exercise for those who are inactive

TABLE 3 | Post-hoc tests comparing exercise levels during the coronavirus
pandemic grouped by prepandemic exercise levels.

Contrast Estimate SE P
Pre exercise = Never (0)

During exercise: 1-0 —0.007 0.084 1.000
During exercise: 2-0 0.032 0.100 1.000
‘During exercise: 3-0 0.134 0.112 1.000
During exercise: 4-0 0.328 0.111 0.031
Pre exercise = 1 day or less (1)

During exercise: 0-1 —0.122 0.052 0.090
During exercise: 2—1 0.041 0.047 0.385
During exercise: 3-1 0.111 0.056 0.193
During exercise: 4-1 0.214 0.056 0.001
Pre exercise = 2-3 days (2)

During exercise: 0-2 —0.248 0.051 <0.001
During exercise: 1-2 —0.241 0.041 <0.001
During exercise: 3-2 0.020 0.028 0.964
During exercise: 4-2 0.121 0.029 <0.001
Pre exercise = 4-5 days (3)

During exercise: 0-3 —0.338 0.073 <0.001
During exercise: 1-3 —0.370 0.056 <0.001
During exercise: 2-3 —0.158 0.029 <0.001
During exercise: 4-3 0.085 0.024 0.001
Pre exercise = Almost every day (4)

During exercise: 0-4 —0.594 0.088 <0.001
During exercise: 1-4 —0.455 0.0662 <0.001
During exercise: 2—-4 —0.321 0.046 <0.001
During exercise: 3-4 —0.164 0.031 0.001

This is a selection of comparisons showing the differences in mood for different
exercise frequency levels during the pandemic when compared to maintaining
the same prepandemic exercise level (for all pairwise post-hoc tests see
Supplementary Table 4). p value adjustment: Holm method; Exercise levels:
0 = “Never”; 1 = “1 day or less”; 2 = “2-3 days”; 3 = “4-5 days”; 4 = "Almost
every day.”
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FIGURE 3 | The effect of exercise frequency during the pandemic on mood depending on prepandemic exercise frequency. Lines indicate values for mood during
the pandemic (higher values are better mood). Each column indicates exercise frequency before the pandemic, and exercise frequency levels within each column are

before a lockdown are both high. Meaning that lockdown
restrictions (e.g., closing of gyms, fitness clubs, etc.) do not
dramatically decrease exercise frequency for those who are
frequent exercisers, and even lead to adoption of exercise for
those who are inactive previous to a lockdown. We hypothesized
that there will be a decrease in exercise frequency during the
pandemic compared to prepandemic; however, the results show
that many people maintained (44.2%), or increased (31.9%)
their exercise levels, and only 23.7% reported a decrease in
exercise frequency.

Interestingly, adoption of exercise or increase in exercise
frequency during the pandemic for those who were inactive
or rarely active before the pandemic was not associated with
better mood (when compared to those who remained inactive)
unless exercise frequency was drastically increased to almost
every day. Importantly, those who exercised more always
had better mood than those who exercised less (within the
groups with different prepandemic exercise levels). Therefore, we
suggest that exercising frequently during a pandemic helps with
improvements in mood.

As mentioned above, we observed an almost linear dose-
response relationship between exercise frequency and mood
in a way that those who exercised more frequently during
the pandemic also reported the most positive mood (note
that in other exercise studies the dose of a particular exercise
session is often more closely defined by the intensity, duration
and type of exercise; this additional information was not
collected in this study). Various theories, both psychological
and biological, may be used to explain the connection found
between exercise and mood (Landers and Arent, 2012). We
consider that chronic psychological effects of exercise are

more likely to explain this relationship compared to acute
psychological effects as it is unlikely that acute affective responses
to exercise have shaped all participants’ ratings of mood
under the lockdown.

A possible psychological explanation of the effect is self-
efficacy theory (Bandura, 1989). Self-efficacy is described as
an individual’s belief that he/she is capable of performing a
behavior with success or achieving a goal. If people see their
goals realized, this can contribute to satisfaction and pride
and has a positive effect on mood. Increased self-esteem and
perceived physical fitness may play a role in this relation as
well (Diener et al, 2017). Psychophysiological processes may
also have been involved. For example, it is known that as a
result of frequent exercise, there are durable changes in the
activity of the hypothalamus-pituitary-adrenal axis (“stress axis”)
that enable people to cope better with acute experience of
stress. These changes in stress axis are associated with, for
example, enhanced density and efficiency of mineralocorticoid
receptors, and lower cortisol levels and the inhibition of cortisol
synthesis (Matta Mello Portugal et al., 2013; see Mandolesi
et al., 2018, for a review of neuroplastic phenomena as a
potential mechanism involved). Physiological explanations of
this kind might explain why those who decided to increase
their exercise frequency only a little bit during the pandemic,
did not immediately benefit from their decision with regard to
SWB. However, further studies are required to shed light on the
mechanisms involved.

In terms of statistical effect size, the variance in mood
explained by the multilevel regression model is rather small.
General mood state is indeed influenced by much more than
only exercise behavior, especially during extraordinary times
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like the COVID-19 pandemic and the associated lockdowns
in early 2020. Furthermore, it is also important to know that
mood scales tend to provide score averages above the scale
mean in non-clinical samples (in the POMS, with a response
scale from 1 to 5, the expected mean values are usually
higher than 3; Morfeld et al., 2007). Also, by taking into
account that achieving maximum scores on mood scales (near
a mean value of 5 in POMS) is very unusual, the exercise
effect found in our study, where the mood state of those who
exercise very frequently increased to near 4, may well gain
some practical significance (see Figure 3). Although we do not
want to exaggerate the practical importance of the mood effect
identified in our data, we do believe that it is relevant for
public health decision making processes during future pandemic-
related lockdowns.

From the perspective of the psychological theories and results
on affective responses to exercise presented in the introduction,
there is a rather straightforward explanation why exercising was
not associated with immediate improvements in SWB for all
(Brand and Ekkekakis, 2018; Ekkekakis and Brand, 2019). It is
possible that for those who are new to exercise, exercising under
the lockdown restrictions was as strenuous and accompanied
by the same negative acute exercise-related affect that had
prevented these people from adopting an exercise routine before
the pandemic. Maybe the number of exercise sessions during the
lockdown was not enough to learn to enjoy exercise (i.e., to learn
the cognitive appraisals necessary to transform the eventually
unpleasant interoceptive signals during higher intensity exercise
into a more positive affective state).

Future studies should therefore examine why people who
are usually inactive or rarely active before a lockdown, tend to
increase their exercise frequency during it. A speculation would
be that under these circumstances (i.e., lockdown restrictions),
there is an increase in boredom which can lead to an increase
in need for a change and perhaps adoption of a new behavior
such as exercise. Importantly, future research should investigate
whether human beings, if given a chance, have a tendency to
become physically active (Pontzer et al., 2012), or on the other
hand have a tendency to minimize their physical activity and
save energy (Cheval et al,, 2018). Increase in physical activity
under the pandemic restrictions as seen in our data, might be
a sign of potential predisposition to physical activity in human
beings that was less likely to occur under the conditions of
daily life routines before the restrictions (e.g., work, family, and
personal interests).

Our data also suggests that about one third of the participants
lowered exercise intensities (30.2%) and shortened exercise
durations (31.4%) during the lockdown (24.5% of the participants
reported to have increased session durations). Because our survey
focused primarily on the changes in exercise frequency (we
considered it more important to learn whether exercise was
done at all), we are unfortunately not able to comment on the
changes in exercise type that occurred as the consequence of the
lockdown. Such phenomena should be analyzed and additional
information should be collected with follow-up studies.

Among the strengths of this study is that it was initiated and
conducted during the brief and unexpected period of time of the

governmental lockdown restrictions related to the first wave of
the 2020 coronavirus pandemic, using this difficult time as an
opportunity to investigate changes in exercise behavior and their
effects on mood on a very large scale. To overcome language
barrier, the questionnaire was translated into 18 languages which
made it possible for many non-English speakers across the globe
to participate. In fact, we were able to reach more than 13,000
participants in a relatively short period of time (i.e., a month).
The large sample size allowed us to adjust for national differences
in our analysis, which accounts for both lockdown rules and
regulations and cultural differences. Therefore, we can generalize
the results to 18 countries included in the statistical modeling (see
Supplementary Table 3 for full model specification) knowing
that different rules and regulations and cultural differences would
not impact our results.

In order to collect data from a very large sample of participants
all over the world during the limited time of governmental
lockdowns, some compromises had to be made and therefore,
limitations are present in this study. The study was cross-
sectional and the data on exercise behavior was collected by
self-report which might be subject to bias and poor memory
recall. This may have particularly affected our measurement of
prepandemic exercise frequency. Study participants are often
inclined to overstate their own exercise levels in surveys
(Brenner and DeLamater, 2014). The retrospective assessment
of prepandemic exercise behavior may have increased this
bias. Furthermore, because we did not ask participants about
their current health status (except for a possible infection with
COVID-19), some participants may have reduced their exercise
frequency during the pandemic not because of the lockdown
but because of other diseases or injuries. We also refrained from
using a standardized, yet extensive physical activity questionnaire
such as IPAQ (Hagstromer et al., 2006). Instead, we intended to
avoid boredom and fatigue for the participants by presenting a
very brief instrument, and using different logics to streamline
the flow. Another limitation is that the nature of online data
collection might limit the sample to certain groups (e.g., younger,
tech-savvy/technophile); however, the demographic information
of the participants shows a rather heterogeneous sample and an
average age of 34 years (SD = 14.4 years) (Table 3, “Materials
and Methods”).

This study has several implications. First, it investigated
mood as an important aspect of SWB and the results show
that exercising during a lockdown contributes to positive SWB.
This contributes to basic research in psychology investigating
behavioral factors associated with SWB (Diener et al., 2017).
Interventionists may feel encouraged to examine how SWB could
be targeted during times of crisis specially for those who have
always found exercise unattractive as a lifestyle element or those
who live with a disability. Social marketing approaches may
be particularly relevant here, because health behavior change
messages in times of lockdowns would probably have to be
communicated primarily through the media (Evans, 2006).
Second, we created a model that predicts changes in exercise
frequency during a lockdown based on prelockdown exercise
frequency. These results could be of interest to behavioral
researchers as they can use this model to elaborate on public
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health strategies for upcoming times with similar lockdown
restrictions. Third, our results indicate that those who were
inactive during a lockdown, had worse SWB compared to others.
This is important as dampened mood states are associated with
less self-control which in itself is shown to be an important
determinant of complying with restrictive rules such as social
distancing (Martarelli and Wolff, 2020; Wolff et al., 2020).
Therefore, policy makers can use these results and promote
exercise and physical activity in their countries to be able to
benefit from its positive effects on mood under similar lockdown
restrictions in the future. In fact, it is not entirely implausible that
exercising in good times can help people get through the hard
times easier (Silverman and Deuster, 2014).

CONCLUSION

This study investigated the changes in exercise behavior and the
respective changes in SWB during the coronavirus pandemic
lockdown restrictions in early 2020. The results show that the
lockdown restrictions did not lead to decrease in exercise levels.
Also, those who exercised more frequently during the pandemic
reported the most positive mood states. Our prediction model
(Figure 2) can inform policy makers how exercise behavior
may change again during future epidemics with governmental
restrictions or lockdowns. Interestingly, early positive effects on
well-being for those who normally avoid exercise are likely to
occur only if they try to exercise almost every day. These results
contribute to basic research in psychology and may be of interest
to behavioral researchers and interventionists as well.
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MenPas is a psychosocial assessment platform’ developed by the University of Malaga
in 2008. There has been a significant increase in data traffic during the period of
confinement by COVID-19 (March and April ’20) compared to the same period in the
previous year. The main goal to achieve in this work is to determine the patterns of
use of this platform on both period of time. So, we want to respond to the following
question: So, we the following question: Has the COVID-19 Pandemic changed the
pattern of the Menpas users? In order to respond it, cluster analysis techniques (Data
Mining) have been used to classify people taking surveys into quotient sets (cluster).
This is a multivariate technique for dividing data into sets to that are as homogeneous
as possible within themselves and heterogeneous among themselves. Specifically, the
K-Means algorithm has been used for this analysis, which is based on the evaluation of
the distance between data and the average of each variable. So, it is recommended to
discover patterns or relationships among the data. Specifically, the use of the following
questionnaires has been analyzed: Competitive State Anxiety Inventory-2 (CSAI-2),
State Trait Anxiety Inventory (STAI), Profile of Mood State (POMS), Resilience Scale
(RS), Sport Performance Psychological Inventory (IPED), Maslach Burnout Inventory
(MBI) and Self-concept Form-5 (AF-5). The analyses have shown changes in cluster
formation between 2019 and 2020 based on the variables gender, age, marital status or
physical practice. Therefore, the analyses carried out have been sensitive to determine
several profiles of people using the MenPas platform because there are changes in the
characteristics of the user groups that have carried out the analyzed tests.

Keywords: menpas, COVID-19, data mining, clustering, human behavior

INTRODUCTION

SARS-CoV-2 (coronavirus 2019, COVID-19) has generated an exceptional situation (Lopez and
Rodo, 2020) in this year 2020. Although many other viruses had appeared years ago, that had not
generated an emergency as globalized as it has happened this time (Sohrabi et al., 2020). This virus,
originated in China according to official sources, has been spreading rapidly throughout the world.

1
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The World Health Organization (WHO) declared the pandemic
on March 11, and a large number of countries have had to
establish measures to cope with the spread of infections (Chinazzi
et al., 2020; Parmet and Sinha, 2020; Studdert and Hall, 2020).
For example, Spain declared the state of alarm on March 14th,
2020, by Royal Decree and published in the Official State Bulletin,
establishing restrictive measures for mobility and limiting the
activities that could be carried out.

This recent unprecedented situation has caused changes in
people’s habits and practices, modifying the way of living before.
For example, educational centers have been closed, non-essential
productive activities have had to stop, sports competitions have
been canceled, or household supplies of basic consumer products
have been carried out following strict security measures (e.g.,
Corsini et al., 2020; Viner et al., 2020; Zhang et al., 2020). This
has forced to people modifying habitual routines and adapting
to this new situation, which has meant reducing social contact,
using new strategies to communicate with family and friends,
modifying physical activity or feeding habits, as well as the
way of studying and working (e.g., Basilaia and Kvavadze, 2020
Belzunegui-Eraso and Erro-Garcés, 2020; Butler and Barrientos,
2020; Martinez-Ferran et al., 2020).

Along these months, the available technology has facilitated
communication helping for educational or work activities
to be carried out (Ting et al, 2020). Online platforms
have been a useful alternative way for students to continue
learning or for many companies to continue operating
(Bao, 2020; Basilaia and Kvavadze, 2020). The use of new
information and communication technologies is already a
settled reality in many areas, but this period has meant an
acceleration in the technological transition that will possibly
mark a before and after in the use of this type of software
(Belzunegui-Eraso and Erro-Garcés, 2020; Dong et al., 2020;
Kousha and Thelwall, 2020).

The online evaluation platform MenPas (see footnote 1)
(Gonzéalez-Ruiz et al., 2010, 2018) is a virtual platform that
brings together a wide set of tools that are used for psychosocial
assessment. Its use is very widespread along different countries

and the number of users has been increased in recent years.
MenPas has been used in multiple investigations to gather study
data, which can be verified in the published literature (e.g.,
Aragén et al.,, 2017; Reigal et al., 2019; Gonzélez-Guirval et al.,
2020). Through this platform, groups of people in investigations
can be managed and data can be gathered for further processing.
It is an online platform with easy access, programed to be used
from multiple devices, which facilitates its implementation.

The large amount of data that has been gathered in recent
years by MenPas, allows us to obtain a lot of information
about the type of user that connects to the platform, as well
as the tools that are mostly used. In addition to knowing those
aspects that generate the most interest among users, the global
analysis of the data can provide information on population
trends. That is, if there are changes in the needs, interests or
habits of people. The pandemic declared by the WHO and
the restrictions in mobility established in some countries have
altered people’s habits and have affected specific aspects of their
mental health (Banerjee and Rai, 2020; Duan and Zhu, 2020;
Li et al.,, 2020). Global usage data from March to May 2020
compared to the same period in 2019, shows that there has
been a high increase in the number of MenPas users. The
platform’s internal event control, the associated Google Analytic
account? (1800 vs. 3100 sessions) (Figure 1) and the added
widget of ClustrMaps® (2400 vs. 5300 visits) (Figure 2) show clear
information about this fact.

Specific online resources have had to be used to study and
work, and people have had to change their way of living with
others and his way of understanding his environment (Torales
etal., 2020; Wang G. et al., 2020; Wang C. et al., 2020). The lack of
studies that provide information on changes in uses and customs
through the analysis of online platforms, joined to the fact that
currently virtual platforms have significantly increased their use,
provide essential information for understanding changes in the
population’s behavior. Therefore, platforms such as MenPas can

Zhttps://analytics.google.com
Shttps://clustrmaps.com/site/19nkt

Users Sessions Bounce Rate Session length
911 1,8 mil 316 % 8miny10s
4148% 4375% 1504 % 4436%

Year 2019

Users Sessions Bounce Rate Session length
1,4 mil 3,1 mil 282 % 10miny38s
1818% 1907 % 1120% 1104%

Year 2020

FIGURE 1 | MenPas users (March and April ‘19 vs. March and April '20) by Google analytic.
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FIGURE 2 | MenPas users (March and April 19 vs. March and April '20) by ClustrMaps.

help to understand these changes by analyzing their use. The
main goal of this study is to get a significant knowledge about
patterns in the use of on-line platforms when a socio-economic
and environmental situation changes. These patterns could show
how the members of a society adapt their behavior and find a
way to adapt and achieve their needs in that situation. So, the
main objective was to determine if the COVID-19 Pandemic
has changed the pattern of Menpas users. In order to determine
this, the use of the following questionnaires was specifically
explored: Competitive State Anxiety Inventory-2 (CSAI-2), State
Trait Anxiety Inventory (STAI), Profile of Mood State (POMS),

Resilience Scale (RS), Sport Performance Psychological Inventory
(IPED), Maslach Burnout Inventory (MBI), and Self-concept
Form-5 (AF-5). Two different anxiety questionnaires have been
used because both are available at the platform and they consider
different aspects on anxiety evaluation: CSAI-2 tests anxiety in
sport and STAI tests general anxiety. The information from the
following variables have been gathered each time a questionnaire
has been taken by one user: his/her age, his/her gender, the sport
played, how many hours has been playing that sport, his/her
marital status, his/her educational level, his/her profession, the
questionnaire taken and the date when it was taken.
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MATERIALS AND METHODS

Participants

As shown in Figure 3, we have collected 11263 records from
March the 1st to April the 30th in 2019 (Male: 3687 - 32,74%
and Female: 7576 - 67,26%) and 20627 records from March
the 1st to April the 30th in 2020 (Male: 7655 - 37,11% and
Female: 12972 - 62,89%) of people who took any of the following
questionnaires: Competitive State Anxiety Inventory-2 (CSAI-
2), State Trait Anxiety Inventory (STAI), Profile of Mood State
(POMS), Resilence Scale (RS), Sport Performance Psychological
Inventory (IPED), Maslach Burnout Inventory (MBI) and Self-
concept Form-5 (AF-5) in MenPas (see footnote 1). Menpas is an
on-line software platform for psychosocial assessment (Gonzalez-
Ruiz et al.,, 2010, 2018). This study has been performed using
data from 803 countries over the world (see footnote 3) where
users are mainly from Spain, Colombia, United States, Mexico,
Argentine, Guatemala, Chile, Costa Rica, El Salvador, Portugal,
China, Ecuador, Russia, Peru, United Kingdom, Republic of
Korea, Brazil, and Cuba.

14000

12000

10000
8000
6000
4000
2000

=2019
=2020

Female

FIGURE 3 | Participants.

Cluster 0

Cluster 1

Price sensitivity score
3
1

Clusters:
+ value conscious
© loyal to low cost
4 prand advocates
T T T T T
1 2 3 4 5

Brand loyalty score

FIGURE 4 | Customers clustering based on their sensitivity to price and brand
loyalty.

Instruments

(a) Competitive State Anxiety Inventory-2 (CSAI-2, Martens
et al., 1990). This questionnaire allows evaluating anxiety
competitive. It is made up of 27 items, which are structured
in three factors: cognitive anxiety, somatic anxiety and
self-confidence. This instrument is answered using a
Likert-type scale from 1 (almost never) to 5 (almost
always).

(b) State Trait Anxiety Inventory (STAI, Spielberg et al., 1970).
This questionnaire allows evaluating state and trait anxiety.
It consists of 40 items and two factors: state anxiety and
trait anxiety. Scores in each can range from 0 to 60 points.
Each item is answered based on 4 levels 0, 1, 2, and 3).

(c) Profile of Mood State (POMS, McNair et al., 1971).
This questionnaire evaluates mood states. It is made up
of 65 items and evaluates seven dimensions: tension,
depression, anger, vigor, fatigue, confusion and friendship.
The answers are answered on a scale from 0 (not at all)
to 4 (very much)].

(d) Resilence Scale (RS, Wagnild and Young, 1993). This scale
assesses the level of individual resilience, that is, the ability
to resist various stressors and adapt to life before them. It is
made up of 25 items and two factors: personal competence
and acceptance of oneself and of life. This instrument is
answered using a Likert-type scale from 1 (disagree) to 7
(totally agree).

(e) Sport Performance Psychological Inventory (IPED,
Hern4dndez-Mendo, 2006; Herniandez-Mendo et al.,
2014) is a Spanish adaptation of the Psychological
Performance Inventory (PPI) (Loehr, 1986, 1990). It

TABLE 1 | 3 clusters got for CSAI-2 questionnaire in 2019 and CSAI-2 analysis for
March to May 2019.

Attribute (536.0) 100% Cluster #0 Cluster #1 Cluster #2
(142.0) 26% (277.0) 52% (117.0) 22%
Age Between Between Between
18_and_35 36_and_65 18_and_35
Gender Male Female Female
Sport Unknown Unknown Unknown
Hours Doing Sport 14.8803 7.8267 13.56128
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Student Psychologist Psychologist
Date Mar_2020 Apr_2020 Mar_2020
Attribute (546.0) 100% Cluster#0 Clusteri#i Cluster#2
(47.0) 9% (110.0) 20% (389.0) 71%
Age Between Under18 Between
36_and_65 18_and_35
Gender Female Female Female
Sport Unknown Unknown Unknown
Hours Doing Sport 8.0851 8.7455 12.9537
Marital Status Married Single Single
Educational Level Graduate High_School Graduate
Profession Psychologist Student Psychologist
Date Mar_2019 Mar_2019 Mar_2019
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TABLE 2 | 3 clusters CSAI-2 analysis for March to May 2020.

Attribute (536.0) 100% Cluster #0 Cluster #1 Cluster #2
(142.0) 26% (277.0) 52% (117.0) 22%
Age Between Between Between
18_and_35 36_and_65 18_and_35
Gender Male Female Female
Sport Unknown Unknown Unknown
Hours Doing Sport 14.8803 7.8267 13.5128
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Student Psychologist Psychologist
Date Mar_2020 Apr_2020 Mar_2020

is used to evaluate several psychological skills used by
athletes during competition. It consists of 42 items, divided
into the following dimensions: self-confidence, negative
coping control, attention control, visual-imagery control,
motivational level, positive coping control, and attitude
control. This instrument is answered using a Likert-type
scale from 1 (almost never) to 5 (almost always).

Maslach Burnout Inventory (MBI, Maslach and Jackson,
1981). This scale assesses the level of burnout at
work. It is made up of 22 items and three factors:
emotional exhaustion, depersonalization and lack of
personal accomplishment. This instrument is answered
using a Likert-type scale from 0 (never) to 6 (everyday).
Self-concept Form-5 (AF-5, Garcia and Musitu, 2001). This
questionnaire evaluates the multidimensional self-concept.
It is made up of 30 items and evaluates the following
dimensions: academic/work, social, emotional, family and
physical. Responds with a response scale with values from
1 (totally disagree) and 99 (totally agree).

()

(g)

Procedure

Data Mining clustering techniques have been used to classify
people taking surveys into quotient sets (cluster). Clustering
is an unsupervised Machine learning technique for automatic
grouping of data whose most popular clustering algorithm is the
K-Means. This is a multivariate technique for dividing data into
sets to that are as homogeneous as possible within themselves
and heterogeneous among themselves. Specifically, the K-Means
algorithm has been used for this analysis, which is based on
the evaluation of the distance between data and the average
of each variable. So, it is recommended to discover patterns
or relationships among the data. Specifically, the use of the
following questionnaires has been analyzed: Competitive State
Anxiety Inventory-2 (CSAI-2), State Trait Anxiety Inventory
(STAI), Profile of Mood State (POMS), Resilence Scale (RS),
Sport Performance Psychological Inventory (IPED), Burnout and
Self-concept Form-5 (AF-5).

Figure 4 (got from https://select-statistics.co.uk/blog/
customer-segmentation/) shows an example where a group of
customers have been segmented based on their sensitivity to
price and brand loyalty.

The most widely used clustering algorithm is K-Means
because it has a very good scalability with the amount of
data. The main problem for using K-Means is that you must
specify the number of groups you want to find. This number of
groups is called K.

K-Means algorithm follows these steps:

1. Initialization: the location of the centroids of the K groups
is chosen at random.
Assignment: each data
nearest centroid.

. Update: the centroid position is updated to the arithmetic

mean of the items in the data assigned to the group.

item is assigned to the

Age
= Between36_and_65 =Under18 = Between18_and_35
|
Dats// Student (62.0) HoursDoingSport
= Mar_2019 = Apr_2019 /::14 ;14\
HoumDo@n \Sex HoursDoingSport HoursDoingSport
=12 =12 :Fema{\:male =12 =12 ==16 >15\
; < o) ist3.0)| el "' HoursD: / N (77.012.0) Date HoursDoingSport
=Divorced =Single = Married <=6 /\\> 6\ = Mar_201% Apr_2019 «=25 =25
MR S i (4.0)‘ ist (1 z.u)‘ HoursDoingSport Physical_acmities_am{spmt_HN( i (4.0,\: HoursD < Self_| (4.0)
«B =6 «=3 >3 = Mar_2018 Apr_2019 <=20 =20
Psychologist (3.0)‘ Employed (B.U)J HoursDoingSport Sex Psychnlnglsl/(zn.nh -0) Sex Teachew{nh -0y Stu;im (2.0
<=1 =1 =Female =Male =Female = Male
Fsychnlugﬁt (3.0) \Sex ist (6.0;' HoursDaoi / ©0' Hnm>'
=Fema{\= Male <=5/\=5 < a/\>s
Student (7.0)‘ Psychologist (5.02.0) ‘ Fsynhnlng{st (S.EI)‘ Slud$(4ﬂl1 .0) ‘ Psych Physical_activities_and_sport_graduate (9.0/3.0)
FIGURE 5 | Profession of people taking the CSAI-2 questionnaire in 2019 decision tree.
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FIGURE 6 | Profession of people taking the CSAI-2 questionnaire in 2020 decision tree.

Steps 2 and 3 are followed iteratively until there are
no more changes.

Data Analysis
Following questionnaires have been analyzed: Competitive State
Anxiety Inventory-2 (CSAI-2), State Trait Anxiety Inventory

TABLE 3 | 3 clusters STAI analysis for March to May 2019.

(STAI), Profile of Mood State (POMS), Resilence Scale (RS),
Sport Performance Psychological Inventory (IPED), Burnout and
Self-concept Form-5 (AF-5).

We have made two clustering analyses for each type of
questionnaire: 3 and 5 cluster analyses for 2019 and 2020. It has
been taken in account the following attributes (variables): age,
gender, sport, hours doing sport, marital status, educational level,
profession and date.

In addition, a decision tree has been built to respond
to the following question in 2019 and 2020: “What is the

Attribute (24.0) 100%  Cluster#0 (6.0) Cluster#1 Cluster#2 (4.0)  profession of those who have taken the test in terms of gender,
25% (14.0) 58% 17% age, hours spent doing sports, marital status and date of the
Age Between Between Between queStionnair e?”
18_and_35 18_and_35 18_and_35
Gender Male Female Male
Sport Athletics Unknown Tennis
Hours Doing Sport 10 5.2857 35 RESULTS
Marital Status Single Single Single . . .
Educational Level Graduate Graduate Graduate Here we will show the results got grouped by questionnaire. As
Profession Psychologist Psychologist Psychologist ~ We told before, we will make the March to May 2019 versus 2020
Date Mar_2019 Mar 2019 Mar_2019 comparison taking 3 and 5 cluster. So, we will get the 3 and the
5 most representative people taking the survey for each type of
questionnaire in 2019 and 2020 and we will compare the main
TABLE 4 | 3 clusters STAI analysis for March to May 2020. differences on their characteristics based on age, gender, sport,
hours doing sport, marital status, educational level, profession
Attribute (36.0) 100% Cluster#0 Clusteri#1 (8.0) Cluster#2 and date they took the survey. The effect produced by selecting
(18.0) 50% 22% (10.0) 28% . .
5 clusters has been that the bigger groups have been split but
Age Between Between Between keeping the same characteristics, so we will only present the 3
18_and_35 18_and_35 36and 65 clusters table of results but 5 clusters results are available by any
Gender Male Female Male request.
Sport rknown Urknown Unknown In addition, we are also building a decision tree for each
Hours Doing Sport 10.7222 14.75 5.7 ) . . ) .
Marital Status Single Single Married questionnaire to respond to the following question in 2019 and
Educational Level CGraduate Craduate Craduate 2020: “What is the profession of those who have taken the test in
Profession Psychologist Psychologist Psychologist terms of gender, age, hours spent doing sports, marital status and
Date Apr_2020 Mar_2020 Apr_2020 date of the questionnaire?”
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FIGURE 7 | Profession of people taking the STAI questionnaire in 2019 decision tree.
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Competitive State Anxiety Inventory-2
(CSAI-2)

Table 1 shows the 3 clusters got for CSAI-2 questionnaire in
2019 and Table 2 shows the 2020 results. Red columns represent
the less significate cluster attending to the number of elements
belonging to the cluster and green columns represent the most
significate one. Each cluster also shows the number of people
belonging to it and the per cent it represents.

It can be seen that 2020 groups are more homogeneous than
2019. Although they both mainly are women, single, graduates,
psychologists, the predominant age in 2020 has gone from the
interval 18-35 to the interval 36-65.

Another data of special interest lies in the Gender. While the
number of men is not representative to be able to form a group
in 2019, the increase of men who carry out the questionnaire
in 2020 leads to the creation of a group of men who represent
almost a quarter of the population studied. It is also significate
how the number of hours doing sports has been increased
during the quarantine.

In order to respond to the question raised before, Figures 5, 6
decision trees shows that most of people taking the CASI-2
questionnaire are Psychologist.

State Trait Anxiety Inventory (STAI)

Table 3 shows the 3 clusters got for STAI questionnaire in 2019
and Table 4 shows the 2020 results. Red columns represent
the less significate cluster attending to the number of elements
belonging to the cluster and green columns represent the most
significate one. Each cluster also shows the number of people
belonging to it and the per cent it represents.

Results got in this questionnaire are similar to results got in
CSAI-2. This is a coherent result because both of them are related
to anxiety. It can be seen how the number of men has been
increased in 2020 as well as the age has done, so older people took
the anxiety questionnaires in the quarantine.

In order to respond to the question raised before, Figures 7, 8
decision trees shows that most of people taking the CASI-2
questionnaire are also Psychologist.
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TABLE 5 | 3 clusters POMS analysis for March to May 2019.

Attribute (36.0) 100% Cluster#0 (12.0) 33% Cluster#1  Cluster#2 (9.0)

(15.0) 42% 25%
Age Between 18_and_35 Between Between
18_and_35 18_and_35
Gender Male Female Male
Sport Basketball Unknown Athletics
Hours Doing Sport 7.1667 5 12.6667
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Physical_activities_and_ Psychologist  Psychologist
sport_graduate
Date Apr_2019 Apr_2019 Mar_2019
TABLE 6 | 3 clusters POMS analysis for March to May 2020.
Attribute (74.0) 100% Cluster#0 Cluster#1 Cluster#2

(41.0) 55% (12.0) 16% (21.0) 28%

Age Between Between Between
18_and_35 18_and_35 18_and_35
Gender Male Female Female
Sport Unknown Unknown Unknown
Hours Doing Sport 25.0244 8.9167 7.9524
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Student Psychologist Psychologist
Date Apr_2020 Mar_2020 Apr_2020

Profile of Mood State (POMS)

Table 5 shows the 3 clusters got for POMS questionnaire in
2019 and Table 6 shows the 2020 results. Red columns represent
the less significate cluster attending to the number of elements
belonging to the cluster and green columns represent the most
significate one. Each cluster also shows the number of people
belonging to it and the per cent it represents.

Results got shows that there is a new type of person
taking the POMS survey in 2020 that was not significate in
2019. It is a man between 18 and 35 years old, student and
doing sport 25 h per week what it means a 100% more than
2019.

In order to respond to the question raised before, Figures 9, 10
decision trees shows that most of people taking the POMS
questionnaire are either Psychologist or students. However, the
profession is mostly influenced by the number of hours doing
sport in 2019 but by the age in 2020.

Resilence Scale (RS)

Table 7 shows the 3 clusters got for RS questionnaire in 2019 and
Table 8 shows the 2020 results. Red columns represent the less
significate cluster attending to the number of elements belonging
to the cluster and green columns represent the most significate
one. Each cluster also shows the number of people belonging to it
and the per cent it represents.

One of the most significate facts in RS results is that the typical
person taking the survey in 2019 was a man but in 2020 there was
as male as female. It is also interesting that there was a cluster
made by Divorced in 2019 but in 2020 every cluster represents
to single people.

In order to respond to the question raised before,
Figures 11, 12 decision trees shows that most of people
taking the RS questionnaire are either Psychologist or students in
2019 depending on gender and hours doing sport. However, the
profession is more heterogeneous in 2020 and the age is one of
the most important points for the decision.

Sport Performance Psychological
Inventory (IPED)

Table 9 shows the 3 clusters got for IPED questionnaire in
2019 and Table 10 shows the 2020 results. Red columns
represent the less significate cluster attending to the
number of elements belonging to the cluster and green
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columns represent the most significate one. Each cluster also
shows the number of people belonging to it and the per
cent it represents.

There is one important change about the gender of people
taking the IPED survey. In 2019, about 50% of people were male

TABLE 7 | 3 clusters RS analysis for March to May 2019.

Attribute (22.0) 100% Cluster#0 Cluster#1 (2.0)  Cluster#2 (5.0)
(15.0) 68% 9% 23%
Age Between Between Between
18_and_35 18_and_35 36_and_65
Gender Male Male Male
Sport Athletics Athletics Tennis
Hours Doing Sport 7.3333 16 30.4
Marital Status Single Single Divorced
Educational Level Graduate Graduate Graduate
Profession Psychologist Psychologist Psychologist
Date Apr_2019 Apr_2019 Mar_2019
TABLE 8 | 3 clusters RS analysis for March to May 2020.
Attribute (39.0) 100%  Cluster#0(16.0) Cluster#1 Cluster#2
41% (12.0) 31% (11.0) 28%
Age Between Between Between
18_and_35 18_and_35 36_and_65
Gender Female Male Male
Sport Unknown Unknown Tennis
Hours Doing Sport 6.3125 21.5 8.7273
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Psychologist Psychologist Psychologist
Date Apr_2020 Mar_2020 Apr_2020

and 50% female. However, in 2020, all of them were female. It
is also noted in 2020 people is older and they have a higher
education level, being graduated all of them.

In order to respond to the question raised before,
Figures 13, 14 decision trees shows that most of people
taking the IPED questionnaire are either Psychologist or students
but there is not a clear pattern.

Maslach Burnout Inventory (MBI)

Table 11 shows the 3 clusters got for RS questionnaire in 2019 and
Table 12 shows the 2020 results. Red columns represent the less
significate cluster attending to the number of elements belonging
to the cluster and green columns represent the most significate
one. Each cluster also shows the number of people belonging to it
and the per cent it represents.

There is one important increase of males taking the MBI
survey from 2019 to 2020. In 2019, about 43% of people were male
and 57% female. However, in 2020, 74% of people were male and
26% female. This fact is due to many people doing boxing took
the survey, so the typical person taking the MBI survey goes from
a young female doing around 4 or 5 h of any sport in 2019 to a
young male doing 44 h boxing in 2020.

In order to respond to the question raised before,
Figures 15, 16 decision trees shows that most of people taking
the MBI questionnaire are either Psychologist or students being
date and hours doing sport in 2019 and age and hours doing
sport in 2020 as main factors but there is not a clear pattern.

Self-concept Form-5 (AF-5)

Table 13 shows the 3 clusters got for AF-5 questionnaire in 2019
and Table 14 shows the 2020 results. Red columns represent
the less significate cluster attending to the number of elements
belonging to the cluster and green columns represent the most
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FIGURE 12 | Profession of people taking the RS questionnaire in 2020 decision tree.

significate one. Each cluster also shows the number of people
belonging to it and the per cent it represents.

It can be seen a significate fact in gender because in 2019 there
is no cluster representing males, but in 2020 we found one cluster
that represents to the 20% of the people taking the survey of males

between 18 and 35 years old. We also can see that the number
of hours doing sport have been increased in 2020 as well as the
education level.

In order to respond to the question raised before,
Figures 17, 18 decision trees shows that most of people

TABLE 9 | 3 clusters IPED analysis for March to May 2019.

TABLE 10 | 3 clusters IPED analysis for March to May 2020.

Attribute (533.0) 100% Cluster#0 Clusteri#1 Cluster#2 Attribute (743.0) 100% Cluster#0 Clusteri#i Cluster#2
(136.0) 26% (164.0) 31% (233.0) 44% (76.0) 10% (315.0) 42% (352.0) 47%
Age Between Between Between Age Between Between Between
18_and_35 18_and_35 18_and_35 18_and_35 18_and_35 18_and_35
Gender Male Male Female Gender Female Female Female
Sport Unknown Unknown None Sport Athletics Unknown Unknown
Hours Doing Sport 8.5074 7.1585 5.3133 Hours Doing Sport 17.1063 5.8063 11.1534
Marital Status Married Single Single Marital Status Single Single Single
Educational Level Graduate High_School Graduate Educational Level Graduate Graduate Graduate
Profession Psychologist Student Psychologist Profession Student Student Psychologist
Date Apr_2019 Apr_2019 Mar_2019 Date Apr_2020 Apr_2020 Mar_2020
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taking the AF-5 questionnaire are either Psychologist or teachers
being date and hours doing sport in 2019 and marital status, age
and hours doing sport in 2020 as main factors but there is not
a clear pattern.

DISCUSSION

The main objective was to determine if the COVID-19 Pandemic
has changed the pattern of Menpas users. In order to check
this, the following questionnaires taken by people all over the

world, have been explored: Competitive State Anxiety Inventory-
2 (CSAI-2), State Trait Anxiety Inventory (STAI), Profile of
Mood State (POMS), Resilence Scale (RS), Sport Performance
Psychological Inventory (IPED), Maslach Burnout Inventory
(MBI) and Self-concept Form-5 (AF-5). First, a noticeable
increase in the number of users has been observed, going from
11263 records from March the 1st to April the 30th in 2019 to
20627 records from March the Ist to April the 30th in 2020.
Second, the pattern of MenPas users has also changed, indicating
that there have been changes in the way the platform is used and
in the type of user that MenPas has implemented.
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TABLE 11 | 3 clusters MBI analysis for March to May 2019.

Attribute (104.0) 100% Cluster#0 Clusterit1 Cluster#2
(13.0) 13% (45.0) 43% (46.0) 44%
Age Between Between Between
18_and_35 18_and_35 18_and_35
Gender Female Male Female
Sport Unknown Unknown Unknown
Hours Doing Sport 5.0769 8.3778 4.4348
Marital Status Single Single Single
Educational Level High_School Graduate Graduate
Profession Monitor Psychologist Teacher
Date Apr_2019 Mar_2019 Mar_2019
TABLE 12| 3 clusters MBI analysis for March to May 2020.
Attribute (293.0) 100% Cluster#0 Clusteri1 Cluster#2
(72.0) 25% (91.0) 31% (130.0) 44%
Age Between Between Between
18_and_35 18_and_35 18_and_35
Gender Female Male Male
Sport Weightlifting Unknown Boxing
Hours Doing Sport 1.4722 9.3516 44,1231
Marital Status Single Single Single
Educational Level High_School Graduate Graduate
Profession Psychologist Psychologist Student
Date Mar_2020 Apr_2020 Mar_2020

The increase in the use of MenPas highlights how online
platforms have been one of the ways in which many activities have
been going on (Basilaia and Kvavadze, 2020; Belzunegui-Eraso
and Erro-Garcés, 2020). The technological transition, possibly,
has been accelerated due to this pandemic situation and generates
a paradigm shift in the strategies to approach productive or

formative procedures, etc., (Dong et al., 2020; Kousha and
Thelwall, 2020). Educational and research activities are, among
others, those that have caused a greater amount of data traffic
through MenPas in recent years (e.g., Aragon et al., 2017; Reigal
et al,, 2019; Gonzélez-Guirval et al., 2020). Therefore, these same
factors could also be those that have caused a great increase in the
use of the months of 2020 analyzed. In addition, this platform
contains tools that are commonly used in the field of applied
psychology for different issues (Gonzalez-Ruiz et al., 2010, 2018),
such as evaluations in athletes. This could be other reasons why
its use has exploded.

For the CSAI-2, it was observed that the most representative
cluster in 2019 was made up of people from 18 to 35 years
old, female, single and psychologist. In 2020 some of these
characteristics are maintained, although the most representative
group is now made up of men aged between 36 and 65. For STAI,
it was observed that the most representative cluster in 2019 was
made up of people from 18 to 35 years old, female, single and
psychologist. In 2020 the most representative cluster consisted
of single male psychologists aged between 18 and 35 years. For
POMS, something similar is also highlighted. The age range and
marital status are maintained, although the most representative
cluster goes from female psychologists in 2019 to male students
in 2020. For RS it occurs as for STAI in characteristics such as age
or marital status, although in this case the most representative
cluster goes from men in 2019 to women in 2020.

For IPED there are no changes in the most representative
cluster, although the least representative changes from male
married psychologists in 2019 to single female students in 2020,
all between 18 and 35 years old. For AF5 there are no changes
in the most representative cluster either, but for the least. In
2019, they were single female students but in 2020 single male
psychologists, all between 18 and 35 years old. For MBI, the
most representative cluster changes. In 2019 it is formed by
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women between the ages of 18 and 35, single professors by
profession. In 2020, it is made up of single men and students, aged
between 18 and 35.

The results found do not allow obtaining a clear pattern of
use. However, some important elements can be highlighted. First,
there has been an increase in the number of users and changes in

TABLE 13 | 3 clusters AF5 analysis for March to May 2019.

Attribute (127.0) 100% Cluster#0 Clusteri#i Cluster#2
(58.0) 46% (43.0) 34% (26.0) 20%
Age Between Between Between
18_and_35 18_and_35 18_and_35
Gender Female Female Female
Sport Unknown Unknown Unknown
Hours Doing Sport 6.8448 4.7907 10.6923
Marital Status Single Single Single
Educational Level Graduate Graduate High_School
Profession Psychologist Psychologist Student
Date Mar_2019 Apr_2019 Apr_2019
TABLE 14 | 3 clusters AF5 analysis for March to May 2020.
Attribute (145.0) 100% Cluster#0 Clusteri#i Cluster#2
(61.0) 42% (26.0) 18% (58.0) 40%
Age Between Between Between
18_and_35 18_and_35 36_and_65
Gender Female Male Male
Sport Unknown Unknown Unknown
Hours Doing Sport 13.8033 18.9615 6.7759
Marital Status Single Single Single
Educational Level Graduate Graduate Graduate
Profession Psychologist Psychologist Psychologist
Date Apr_2020 Mar_2020 Apr_2020

the characteristics of the users. This already constitutes a relevant
fact and highlights changes in the way the platform is used. For
example, the CSAI-2 has been used more by people between
36 and 65 years, which could indicate that a greater number
of professionals in sports psychology have been able to use this
instrument in their applied work (Belzunegui-Eraso and Erro-
Garcés, 2020). In Spain the limitation on mobility was imposed
during this time, but in other countries the restrictions have
been different. For this reason, it is considered that in other
countries MenPas could have been used as a way of having less
personal contact, even while maintaining possible competitions
for athletes. In addition, the CSAI contains a self-confidence
scale, which could be used to monitor the athlete’s psychological
state during confinement (Martens et al., 1990).

Secondly, it is seen in some questionnaires, such as
POMS, IPED, AF5, or MBI, that students constitute the most
representative group in 2020, without being in 2019, or that the
least representative group ceases to be that of students. This
constitutes perhaps the most relevant fact of this study, which
shows that numerous educational institutions have been able to
increase the use of this type of platform for the education of their
students (Bao, 2020; Basilaia and Kvavadze, 2020; Belzunegui-
Eraso and Erro-Garcés, 2020). These questionnaires are widely
used in the field of psychology, both in education and in research
(Gonzdlez et al., 2019; Chen et al., 2020; Ramirez-Siqueiros et al.,
2020). Therefore, it is consistent to think that they have been used
during this period to maintain this type of activities.

Limitations and Future Works

Although there is a significant increase in the use of MenPas,
there are aspects that are difficult to estimate. For example,
in the months studied, not all countries have carried out the
same measures in the face of the pandemic caused by SARS-
CoV-2 (coronavirus 2019, COVID-19) because of the different
evolution of the pandemic and how the virus has been spread
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over the world. Therefore, it would be interesting to assess
the specific situations of confinement or alarm states in the
different countries. In this way, it could be specified how each
socio-political context affects the use of online technological
resources. Likewise, it would be relevant to know the objective
for which MenPas has been used. Although this can be relatively
inferred, it is not precisely known. If we had that data, it
could generate a more accurate profile of the users who use
this resource and better understand how these instruments
are used in each area but the main goal of this study is
to get a significant knowledge about patterns in the use of
on-line platforms when a socio-economic and environmental

situation changes, so why users have used the platform is not so
relevant to this study.

On the other hand, no data from similar platforms have
been found because the known similar platforms like On-
line Psychology Research,* Social Psychology Network® or
Psicoactiva® does not provide that kind of data. As soon as they
appear, the results will be compared to assess the use that people
make of this type of tools in a more precise way. Although

*http://www.onlinepsychresearch.co.uk/
*http://www.socialpsychology.org
Chttp://www.psicoactiva.com
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changes are seen in user profiles, it is difficult to establish a unique
pattern. Therefore, more data would be necessary to determine
how each stratum of the population has changed their habits
and to know what their needs may be in situations like this.
We have been monitoring Menpas use after the study and the
number of new users in 2020 (95) are around ten times more
than 2019 (8) and 25 times more than 2018 (4). So, that means
we have to analyze new data in the future checking use and
patterns evolution.

CONCLUSION

Data gathered in this study reveals a significant increase in
data traffic and the number of MenPas users during the
months of March and April 2020 due to the coronavirus
pandemic. Furthermore, the characteristics of users have
changed, highlighting changes in people’s habits. This fact shows
that people change and modify their behavior and find a way
to adapt and achieve their needs when there is a suddenly and
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Background: The aims of the present study were to assess changes in lifestyles in the
general population in response to coronavirus disease 2019 (COVID-19) lockdown and
the influence of COVID-19 perceptions, as assessed by the Extended Parallel Process
Model (EPPM), on these changes.

Methods: Data were collected from 4005 individuals through an online survey
conducted 3-4 weeks after the nationwide lockdown implementation in France.
Participants were asked whether they practiced five behaviors (i.e., screen watching,
snacking, eating fruits and vegetables, exercising, and walking) less often, as often as,
or more often than prior to the lockdown. Beliefs and expectations toward the COVID-19
epidemic were also assessed using an adapted version of Witte’s EPPM, together with
sociodemographic and environmental variables. Among the respondents consuming
regularly alcohol and tobacco, logistic regressions were performed to estimate the Odds
ratios (ORs) of increase (yes/no) and decrease (yes/no) in drinking and smoking since
the lockdown.

Results: More than 8 in 10 respondents reported unhealthy changes in lifestyle since
the lockdown, mostly in relation to physical activity. The unhealthy changes were
positively associated with male sex (RR = 1.17; confidence interval [95% CI] = 1.10-
1.24), living urban density, having a garden (RR = 1.16 [1.07-1.26]), financial difficulties
because of COVID-19 (RR = 1.09 [1.02-1.18]), and lack of fear control (RR = 1.04
[1.01-1.09]) and negatively with cognitive avoidance (RR = 0.92 [0.89-0.95]). Less than
4 in 10 respondents reported healthy changes over the same period, mostly in relation
to better eating habits. They were positively associated with living with more than two
persons (RR = 1.22 [1.02-1.45]), having a terrace (RR = 1.14 [1.02-1.29], and perceived
efficacy (RR = 1.11 [1.04-1.08]) and negatively with being aged 40 or higher. Alcohol
consumption overall declined in regular drinkers, while a slight increase in tobacco use
was observed in regular smokers.

Discussion: The COVID-19 pandemic and lockdown resulted in frequent and mostly
unhealthy changes in lifestyle among the general population. These changes were
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related to individual and environmental characteristics but also to EPPM appraisals in
the wake of fear appeal from COVID-19 campaigns. Communication and preventive
measures should include messages and initiatives toward the maintenance of healthy
lifestyles during pandemics such as the adaptation of physical activity and eating
guidelines to the particular contexts of mobility restriction and infection control.

Keywords: COVID-19, confinement, physical activity, stress, coping strategics, barriers, eating habits

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has affected
many countries, with more than ten million cases worldwide
and more than 500,000 deaths by July 1st 2020 (ECDC, 2020).
Several measures were implemented in order to prevent further
spread of the disease in the early stages of the pandemic.
Nationwide confinement, the restriction of individuals to their
homes, was one of the measures enforced in many countries,
including France on March 17, 2020 (Augeraud-Veron, 2020).
In addition, global and local health authorities used media
campaigns to inform about the virus spreads and the number of
daily cases and deaths and to promote the recommended actions
to prevent infections in mass populations (Lasbeur et al., 2020;
Raude et al., 2020). These include regular handwashing, social
distancing, avoiding crowed places, and covering mouth and
nose, among others.

Though these measures have been vital for preventing the
spread of COVID-19, they may have alsoresulted in adverse
health effects. Firstly, the ensuing reduction in social (collective
training sessions or sport events) and physical (barred access to
exercise facilities, or parks)opportunities to exercise may have
had a direct effect onsedentary behaviors (Ammar et al., 2020). It
must be noted however that each person in France had a 1-hour
authorization to exercise locally (Legifrance, 2020). Secondly,
prevention campaigns that promoted the recommended actions
to prevent infections and intensive press coverage in such a
novel and uncertain situation inevitably used fear appeal, which
is associated with negative health outcomes, to raise awareness
towards the health threat (Tannenbaum et al., 2015). If fear appeal
campaigns may motivate adaptive danger control actions such
as message acceptance, theymay also generate maladaptive fear
control actions such as defensive avoidance or reactance (Witte
and Allen, 2000), and unhealthy behaviors in response to chronic
stress (Schneiderman et al., 2005; Peters et al., 2013).

According to the extended parallel process model (EPPM),
two appraisals typically occur when individuals are exposed
to fear appeals (Witte, 1992). The threat appraisal consists of
assessing how much threat the fear appeal poses, in terms of
severity and susceptibility, while the other assesses perceived
efficacy and both self-efficacy (i.e., person’s belief about his/her
ability to follow the recommended suggestions successfully)
and response efficacy (i.e., beliefs about the effectiveness of the
recommended suggestions to avert the threat). When individuals
are exposed to a fear appeal, they engage either in danger control,
where they cognitively process the message and take action to
avoid the threat, or in fear control, where they emotionally
repress the message and ignore the threat. A third alternative

is to ignore the message, which typically occurs because the
threat is perceived as low (Witte, 1994; Maloney et al., 2011;
Lewis et al., 2013). The EPPM has advanced understanding of
how fear appeals operate, and constitutes a relevant theoretical
framework to assess the perceptions of COVID-19 in the
general population and why they engage or not in behavioral
recommendations.

Health consequences of the COVID-19 pandemic and
lockdown are still to be determined comprehensively (Ifdil
et al., 2020; Kutlu et al., 2020; Mattioli et al., 2020), but
they may concern lifestyles and behaviours (Stanton et al,
2020). Better knowledge of the factors affecting lifestyles
amid lockdown may contribute greatly in designing education
campaigns and in organizing optimum counseling during
and after pandemics. The aims of the present study were
to assess changes in lifestyles among the French general
population in response to COVID-19 lockdown and the
influence of COVID-19 perceptions, as assessed by the EPPM,
on these changes.

MATERIALS AND METHODS

Participants and Procedures

Our data was collected through an online survey conducted
among 4,005 adults residing in France. The respondents were
recruited among 5,000 panelists from the Arcade Research
Institute’, who agreed to participate regularly to surveys of
customer attitudes and experiences in exchange for financial
compensation (valid response rate = 80.1%). The objective
of the research was to assess the emotional, cognitive, and
behavioral response of the French people to the COVID-19
epidemic during the full lockdown. The respondents to this
survey were enrolled on the basis of a stratified sampling
method to reflect the distribution of the French general
population regarding sex, age, occupation, and region. For the
present study, we analyzed data from a 2 weeks survey, which
were administered 3-4 weeks after the implementation of the
lockdown (between 8 and 20 April 2020). The research protocol
was registered by the Ecole des Hautes Etudes en Sante Publique
(EHESP) School of Public Health Office for Personal Data
Protections and approved by the Institutional Review Board
of the University Hospital Institute “Mediterranee Infection”
(Marseille, France).

! www.panelia.fr
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Measures

Lifestyle Variable

The dependent variable for the analyses was self-reported
change in lifestyle in response to the COVID-19 pandemic
in France. Participants were asked whether they practiced five
health behaviors (i.e., screen watching, snacking, eating fruits
and vegetables, exercising, and walking) less often, as often as,
or more often than prior to the lockdown, using first-person
questions (e.g., “Since the lockdown, I exercise [less than/as
much as/more than] before”). To facilitate the treatment of
the behavioral data, responses obtained from these items were
added to generate a cumulative score (range 0-5) that enables
to measure participants’ positive and negative change in lifestyle
behaviors related to the COVID-19 epidemic.

Socio-Cognitive Factors
To assess participants’ beliefs and expectations related to the
COVID-19 epidemic, we used a range of constructs and variables
from the Witte’s EPPM. Items related to these constructs were
drawn from the Risk Behavior Diagnosis Scale?, adapted to
the COVID-19, and translated to French (see Table 4 for the
details). This includes perceived susceptibility [3 items, e.g.,
“It is likely that I will get infected with coronavirus (COVID-
19)”] to and severity [3 items, e.g., “I believe that coronavirus
infection (COVID-19) is severe’] of the coronavirus infection,
fear (3 items, e.g., “The risk of being infected by coronavirus
is frightening me”), perceived response efficacy (3 items, e.g.,
“Measures recommended by the health authorities are effective
in preventing coronavirus infection,” and self-efficacy (3 items
e.g., “I can easily apply the recommended measures to prevent
coronavirus infection”). For each of them, the participants were
asked to rate on a Likert-type response scale ranging from 1
(“totally disagree”) to 5 (“totally agree”), and for which the
meaning of each value was explicitly indicated.
Sociodemographic and environmental variables were also
collected, such as age, gender, level of education, occupational
status (active, unemployed, or retired), household income (in
euros), size of household, surface area in m?, layout (garden,
terrace), population density (urban; more than 100,000 inhab;
urban; 20,000-100,000 inhab; urban; 2000-20,000 inhab; rural
zone), risk factors (alcohol; tobacco; obesity), and financial
difficulties (no; yes, unrelated to covid; yes, in relation to covid).

Data Analysis

Categorical data were expressed as numbers (N) and percentages
(%), while numerical data were expressed as means + standard
deviations. EPPM factors were estimated using an unweighted
least-square factorial analysis, followed by a Promax rotation,
a non-orthogonal (oblique) solution in which the factors are
allowed to be correlated. This method provides accurate and
conservative parameter estimates when using ordinal data (Lee
et al., 2012). This item reduction method established which of
the 18 items belonged to domains or conceptual areas and which
items should be maintained. Items are deleted if they loaded on
two or more factors or if they exhibited a correlation coefficient

Zhttps://msu.edu/$\sim$wittek/rbd.htm

of less than 0.40 with their own factor. Internal consistency
reliability was assessed by computing Cronbach’s alpha coefficient
(considered satisfactory if higher than or equal to 0.70). Interscale
correlations were computed with the non-parametric Spearman’s
correlation test. The factors raw scale scores were transformed to
a 0-100 scale [((raw score—lowest possible raw score)/possible
raw score range) x 100] and compared with one-way analysis of
variance. Since our study outcomes were count variables (number
of unhealthy/healthy changes in lifestyles since lockdown), we
used generalized linear Poisson regression models to estimate
the rate ratios (RRs) of changes in lifestyles as a function
of sociodemographic variables and factors’ scores of COVID-
19, as assessed by the EPPM. Estimates in univariate analysis
(model 1) were expressed as rate ratios with 95% confidence
intervals (RR [95% CIJ). Significant estimates from model 1
were analyzed in a multivariate model (model 2). Among the
respondents consuming regularly alcohol and tobacco, logistic
regressions were performed to estimate the odds ratios (ORs) of
increase (yes/no) and decrease (yes/no) in drinking and smoking
since the lockdown. Statistical analyses were performed using
the SPSS statistical package, version 19 (SPSS, Chicago, Illinois,
United States).

RESULTS

Of the 4005 individuals who completed the survey (Table 1), a
majority were women (55.4%) professionally active (41.8%) or
retired (21.6%) with a net income above 3000 euros per month
(53.8%). Most of them lived in urban environments (75.9%), in
multi-person households (78.0%), with a living area of 80 m? or
more (78.0%) with a garden (66.3%) or/and a terrace (58.2%).
A majority of respondents were alcohol drinkers (60.1%) while
26.5% were smokers and 3.9% had obesity. More than 1 in
5 participants (22.7%) reported financial difficulties related to
lockdown. More than 8 in 10 respondents reported unhealthy
changes in lifestyle since the lockdown (Table 2), while less than 4
in 10 reported healthy changes. Although 4.3% of the participants
reported that they tested positive for COVID-19, there were
no significant difference between the non-infected and infected
participants regarding lifestyles changes under study. The most
frequently reported unhealthy changes (Table 3) were decreased
walking (60.0%) and exercising (45.4%) and increased screen
watching (59.0%). The most frequently reported healthy changes
were decreased snacking (18.2%), increased FV consumption
(13.1%), and exercising (11.3%).

Of the 4005 respondents, 2121 (52.9%) completed the EPPM
items without missing values. Respondents particularly discarded
items with vague wording (e.g., “I am at risk for getting the
COVID-19”) in a context where scientific knowledge on COVID-
19 varied from day to day. Unweighted least-square exploratory
factorial analysis, followed by a Promax rotation, was performed
on the 18 items (Table 4). Eigenvalues for the first six factors
were 4.97, 3.30, 1.78, 1.46, 1.14, and 0.81, suggesting a five-
factor solution explaining 69.9% of the common variance of the
data. Factor #1 included six items related to response efficacy
and self-efficacy and was interpreted as expressing efficacy;
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TABLE 1 | Participants’ characteristics (N = 4005).

Variables N (%)
Female sex 2051 (61.2)
Age in years 60 and older 1032 (25.8)
40-59 1484 (37.1)
18-39 1489 (37.2)
Professional status Active 2715 (67.8)
Retired 867 (21.6)
Unemployed 423 (10.6)
Net income (in euros) More than 4000 1150 (28.7)
2000-3999 1758 (43.9)
1500-1999 550 (13.7)
<1500 547 (13.7)
People in the household Three or more 1644 (41.0)
Two 1479 (36.9)
One 882 (22.0)
Surface area in m? 100 and more 1644 (41.0)
80-100 1564 (39.1)
<80 882 (22.0)
Layout Garden 2657 (66.3)
Terrace 2330 (58.2)
Population density Urban; more than 100,000 750 (18.7)
Urban; 20,000-100,000 1049 (26.2)
Urban; 2000-20,000 1241 (31.0)
Rural zone 965 (24.1)
Risk factors Alcohol use 2409 (60.1)
Tobacco use 1062 (26.5)
Obesity 158 (3.9)
Financial difficulties Yes, related to covid 894 (22.3)
Yes, unrelated to covid 700 (17.5)
None 2411 (60.2)

Factor #2 included four items related to lack of fear control;
Factor #3 included three items expressing perceived COVID-
19 severity; Factor #4 included three items expressing perceived
vulnerability to COVID-19; and Factor #5 included items related
to cognitive avoidance. Factors showed satisfactory internal
validity (Cronbach’s coefficient > 0.70). Interscale correlations
between scores of severity, vulnerability, and lack of fear control
(Table 5) were low to moderate (ranging from 0.19 to 0.58),
showing that these factors were related but distinct. On the other
hand, correlations between avoidance and others factors were low
to absent (ranging from 0.07 to 0.10), suggesting that cognitive
avoidance was the standalone coping strategy. The raw scale
scores were transformed to a 0-100 scale [((raw score—lowest
possible raw score)/possible raw score range) x 100]. Higher
T-scores in the respective scales are indicative of greater perceived
efficacy, lack of fear control, severity, vulnerability, or avoidance.
Efficacy (81.9 £ 13.2) and severity (82.7 £ 16.6) reached
highest scores on a 100-point scale, followed by lack of fear
control (69.4 £ 19.5), perceived vulnerability (63.1 £ 21.5),
and avoidance (59.7 + 18.9). Differences between T-scores were
significant, except for efficacy and severity.

Estimate of unhealthy changes in univariate analysis
(Table 6) increased with male sex, COVID-19-induced

TABLE 2 | Number of healthy and unhealthy changes in lifestyle since
lockdown (N = 4005).

Type of behavior change

Healthy Unhealthy
Number N (%) N (%)
0 2453 (61.2) 649 (16.8)
1 1069 (26.7) 795 (19.9)
2 376 (9.4) 1068 (26.7)
3 89 (2.2) 937 (23.4)
4 17 (0.4) 455 (11.4)
5 1 (0) 101 (2.5)

TABLE 3 | Participants’ reported changes in lifestyle amid lockdown (N = 4005).

Change since lockdown

Decrease Unchanged Increase
Behaviors N (%) N (%) N (%)
Screen watching 145 (3.6) 1498 (37.4) 2362 (59.0)
Snacking 727 (18.2) 2318 (57.9) 960 (24.0)
Eating fruits and vegetables 525 (13.1) 2957 (73.8) 523 (13.1)
Exercise 1818 (45.4) 1736 (43.3) 451 (11.3)
Walking 2402 (60.0) 1288 (32.2) 315 (7.8)

financial difficulties, having a garden or terrace, living in
urban environments, obesity, and level of fear, perceived severity,
and vulnerability and decreased with age older than 60 years,
surface area, and level of avoidance. In multivariate analyses,
estimates of unhealthy changes increased with male sex, COVID-
19-induced financial difficulties, having a garden, living in urban
environments, and elevated level of fear and decreased with age
older than 60 years, surface area, and level of avoidance.

Estimates of healthy changes in univariate analysis (Table 7)
increased with COVID-19-induced financial difficulties, living in
ahousehold with 3 or more persons, having a terrace, and levels of
adherence, fear, perceived severity, and avoidance and decreased
with age and income between 2000 and 3999 euros per month. In
multivariate analyses, estimates of healthy changes increased with
living in a household with 3 or more persons, having a terrace,
and levels of adherence and decreased with older age.

Alcohol and Tobacco Consumption

Of the 2409 regular drinkers, 356 (14.8%) increased and 508
(21.1%) decreased alcohol consumption since the lockdown. In
multivariate analyses, estimates of higher drinking increased with
having a terrace (OR = 1.76 [1.14-2.71)] and decreased with
age (60 years or older: OR = 0.56 [0.34-0.91], 40-59 years:
OR =0.61 [0.43-0.87]; reference: 18-39 years). Estimates of lower
drinking increased with living in dense urban area (> 100 000
inhabitants) as compared to rural areas (OR = 1.66 [1.07-2.58]),
and level of efficacy (OR = 1.27 [1.09-1.48]), and decreased with
age 40-59 years (OR = 0.64 [0.47-0.88)]. Of the 1062 regular
smokers, 231 (21.8%) increased and 177 (16.7%) decreased
their tobacco consumption. These changes were unrelated to
factors under study.
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TABLE 4 | Factor matrix: items and factor loadings for the five-factor solution of the extended parallel process model applied to COVID-19 (N = 2121).

Factors

Items Efficacy Lack of fear control Severity Vulnerability Avoidance
Measures recommended by authorities are effective in 0.606
preventing the COVID-19
Actions recommended by scientists work in preventing 0.686
the COVID-19
If | follow expert advices, | am less likely to get the 0.680
COVID-19
| am able to follow authorities recommendations to 0.767
prevent getting the COVID-19
| have the skills/time/money to apply recommended 0.712
measures to prevent COVID-19
| can easily apply the recommended measures to 0.809
prevent COVID-19
The risk of being infected worries me particularly 0.907
The risk of being infected is frightening me 0.882
The risk of being infected make me nervous 0.848
When | go for a walk, | always keep in mind that | can 0.529
be infected
| believe that COVID-19 is severe 0.874
| believe that COVID-19 has serious negative 0.766
consequences for health
| believe that COVID-19 is extremely harmful 0.872
It is likely that | will get the COVID-19 in the next weeks 0.896
| am at risk for getting the COVID-19 0.370
It is possible that | will get the COVID-19 in the next 0.861
weeks
When | go shopping, | tend to avoid thinking about the 0.703
risk of being infected
When | come across others people outside, | tend to 0.887
avoid thinking about the risk of being infected
Eigenvalue 4.97 3.30 1.78 1.46 1.14
% of explained variance 27.6 18.3 9.9 8.1 6.3
Cronbach’s alpha 0.86 0.88 0.88 0.74 0.77
TABLE 5 | Spearman correlations between factors of the extended parallel process model applied to COVID-19 (N = 2121).

Efficacy Lack of fear control Severity Vulnerability Avoidance
Efficacy 1
Lack of fear control 0.13 1
Severity 0.34 0.58 1
Vulnerability —0.06 0.35 0.19 1
Avoidance 0.09 0.07 0.08 0.10 1
DISCUSSION eating habits. They were positively associated with associated

More than 8 in 10 respondents reported unhealthy changes in
lifestyle since the lockdown, mostly in relation to unhealthy
changes in lifestyles which were common amid COVID-19
confinement, affecting especially physical activity. The unhealthy
changes were positively associated with male sex, living in dense
urban areas, having a garden, financial difficulties because of
COVID-19, and lack of fear control and negatively associated
with cognitive avoidance. Less than 4 in 10 respondents reported
healthy changes over the same period, mostly in relation to better

with living with more than two persons, having a terrace,
and perceived efficacy and were negatively related to being
aged 40 or higher.

The implementation of confinement and physical distancing,
including mobility restrictions, banning of mass gatherings,
closure of schools and work activities, isolation, and quarantine,
helped control the first wave of the COVID-19 pandemic but
resulted in overall unhealthy changes in lifestyle in France
and elsewhere (Stanton et al., 2020). Expectedly, a majority of
respondents reported increased sedentary and decreased walking
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TABLE 6 | Rate ratios and 95% confidence intervals (RR [95% Cl]) of the number of unhealthy changes in lifestyle since lockdown (N = 2196); Poisson regression.

Variables

Univariate
RR [95% CI]

Multivariate
RR [95% CI]

Male sex
Age in years

Professional status

Net income (in euros)

Financial difficulties

Number of household bers

Surface area in m?

Layout

Population density

Risk factors (yes/no)

Factor score

60 and older
40-59
18-39
Active
Retired
Unemployed
More than 4000
2000-3999
1500-1999
< 1500
Yes, related to covid
Yes, unrelated to covid
None
Three or more
Two
One
100 and more
80-100
<80
Garden
Terrace
Urban; more than 100000
Urban; 20 000-100 000
Urban; 2000-20000
Rural zone
Obesity
Alcohol
Tobacco
F1: efficacy
F2: lack of fear control
F3: severity
F4: vulnerability
F5: avoidance

1.19 [1.12-1.26]
0.99 [0.84-0.99]
1.04 [0.97-1.11]
1
1.03 [0.93-1.15]
0.93 [0.82-1.05]
1
1.02 [0.92-1.12]
0.94 [0.86-1.04]
1.01 [0.90-1.14]
1
1.13 [1.06-1.22]
0.98 [0.90-1.074]
1
0.95 [0.88-1.03]
0.93 [0.86-1.01]
1
0.85 [0.78-0.91]
0.90 [0.83-0.97]
1
1.23 [1.15-1.30]
1.10 [1.04-1.17]
1.30 [1.19-1.42]
1.20 [1.10-1.31]
1.14 [1.05-1.24]
1
1.16 [1.01-1.34]
0.96 [0.91-1.02]
0.95 [0.89-1.02]
1.00 [0.97-1.08]
1.09 [1.06-1.12]
1.06 [1.03-1.10]
1.05 [1.02-1.09]
0.92 [0.89-0.95]

1.17 [1.10-1.24]

0.94 [0.86-1.03]

1.03 [0.96-1.10]
1

1.09 [1.02-1.18]
0.96 [0.87-1.05]
1

0.95 [0.87-1.03]
0.95 [0.87-1.05]
1
1.16 [1.07-1.26]
0.97 [0.90-1.05]
1.18 [1.07-1.31]
1.11 [1.01-1.22]
1.10 [1.01-1.20]
1
1.13 [0.98-1.31]

1.04 [1.01-1.09]
1.02 [0.97-1.06]
1.08 [0.99-1.06]
0.92 [0.89-0.95]

Significant results are marked in bold.

in response to lockdown. As four times more respondents
reported decreased than increased exercising, the 1 h permission
daily given to go out on exercise failed to compensate for mobility
restriction. It must be noted that grounds for sport activities were
also shut down, making impossible all forms of exercise besides
walking and running. The picture is more mitigated when it
comes to eating habits, since healthy changes nearly compensated
unhealthy changes.

According to EPPM, if people assume that they are strongly
exposed to a disease (threat appraisal), the efficacy appraisal
of coping strategies will change their attitudes and behaviors.
In the present study, factor analysis revealed a five-factor
structure underlying perceptions about the COVID-19. Response
efficacy and self-efficacy formed together the “perceived efficacy
appraisal,” which reached a high score in our study sample,
indicating a sound adherence to recommended preventive

measures. Respondents also reported high scores of severity,
showing they were well aware of the seriousness of the
COVID-19 consequences amid communication campaigns. This
perception theoretically forms the “threat appraisal” together
with vulnerability in the EPPM but correlated more to the
“lack of fear control” score possibly due to respondents’ strong
reactions to the fear appeal communication about COVID-19,
without necessarily considering themselves as highly vulnerable.
Altogether, response efficacy seemed to equal the threat appraisal,
which indicates a “danger control” process, in which individuals
are motivated to take action to lessen the threat. Nevertheless,
cognitive avoidance was reported as a standalone coping strategy
to provide some distance from the steady stream of information
about COVID-19 (Park et al., 2020).

The relationships observed between severity, vulnerability
and unhealthy changes in the univariate analysis becomes
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TABLE 7 | Rate ratios and 95% confidence intervals (RR [95% CI]) of the number of healthy change in lifestyle since lockdown (N = 2196); Poisson regression.

Univariate Multivariate
Variables RR [95% CI] RR [95% CI]
Male sex 1.05[0.94-1.17]
Age in years 60 and older 0.74 [0.63-0.87] 0.77 [0.65-0.92]
40-59 0.80 [0.71-0.90] 0.80 [0.71-0.91]
18-39 1 1
Professional status Active 1.08 [0.90-1.31]
Retired 0.91[0.72-1.15]
Unemployed 1
Net income (in euros) More than 4000 0.91 [0.76-1.09] 0.92 [0.75-1.13]
2000-3999 0.84 [0.71-0.99] 0.83[0.69-1.01]
1500-1999 0.96 [0.78-1.18] 0.98 [0.80-1.21]
< 1500 1
Financial difficulties Yes, related to covid 1.20 [1.05-1.36] 1.12[0.97-1.28]
Yes, unrelated to covid 0.90 [0.75-1.05] 0.90 [0.75-1.08]

Number of household bers

Surface area in m?

Layout

Population density

Risk factors (yes/no)

Factor scores

None
Three or more
Two
One

100 and more
80-100

< 80
Garden
Terrace

Urban; more than 100000

Urban; 20 000-100 000
Urban; 2000-20000
Rural zone

Obesity

Alcohol

Tobacco

F1: efficacy

F2: lack of fear control
F3: severity

F4: vulnerability

F5: avoidance

|
1.17 [1.01-1.36]
1.09 [0.93-1.28]
1
0.98 [0.87-1.11]
0.97 [0.83-1.13]
1
1.01 [0.90-1.14]
1.13 [1.01-1.26]
1.15 [0.97-1.36]
1.07 [0.92-1.25]
0.98 [0.77-1.05]
1
1.11 [0.85-1.45]
0.91 [0.82-1.02]
1.12 [0.99-1.26]
1.12[1.06-1.20]
1.06 [1.01-1.13]
1.08 [1.02-1.15]
0.95 [0.90-1.01]
1.05 [0.99-1.12]

1.22 [1.02-1.45]
1.19 [1.00-1.42]
1

1.14 [1.02-1.29]

1.07 [0.95-1.21]
1.11 [1.04-1.08]
1.00 [0.92-1.08]
1.07 [0.98-1.16]

1.08 [0.97-1.10]

Significant results are marked in bold.

non-significant when entered together with lack of fear
control in the multivariate model. This finding indicates that
threat appraisal may negatively influence changes in lifestyles
through uncontrolled fear responses, precluding going out for
exercise/walking or prompting emotional overeating. In addition,
unhealthy changes were higher among men and respondents with
financial difficulties - which may indicate a maladaptive response
to stress (Park et al., 2020; Verma and Mishra, 2020). Previous
research has reported that fear appeal campaigns are effective
when the communication depicts relatively high amounts of
fear, stresses severity, and susceptibility of the threat, and
recommends one-time only behaviors and includes an efficacy
message (Tannenbaum et al., 2015). However, in a context of
public health and economic uncertainty such as the early stages
of the COVID-19 crisis, fear appeal may also induce negative
side effects among vulnerable individuals. In contrast to other

studies (Soga et al., 2017; Saltzman et al., 2020), living in densely
populated areas and having a garden had negative effects on
health behaviors. In the context of COVID-19 epidemic and
mobility restrictions, rural residents possibly had greater access
to outdoor exercise areas than urban dwellers, while garden
owners could enjoy open air without much effort, which fostered
sedentary. Conversely, avoiding thinking about the COVID-19
(Umucu and Lee, 2020) somewhat limited unhealthy changes in
lifestyles, probably by reducing the fear to go out.

A minority of respondents took advantage of the lockdown to
improve their habits, especially toward food. The relationships
observed between severity, fear control, and healthy changes
in the univariate analysis become non-significant when entered
together with efficacy in the multivariate model. This could
indicate that some respondents in “danger control appraisal”
(high efficacy, high threat) improved their behaviors in response
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to the COVID-19, when obesity was considered a risk factor for
disease mortality. Healthy changes were also related to the size
of household, may be in relation to increased family and social
support (Hempler et al., 2016; Saltzman et al., 2020) and to the
need to protect close relatives. On the other hand, these positive
evolutions were less frequent in respondents aged 40 and older
for unclear reasons, although aging often entails the need to make
changes in lifestyle (US National Research Council Committee
on Aging Frontiers in Social Psychology, Personality, and Adult
Developmental Psychology, 2006).

Finally, analyses conducted among regular drinkers revealed
that alcohol consumption overall declined in regular drinkers.
One possible explanation is that the lockdown precluded most -
if not all - social activities, which often involve alcohol in
France (INSERM Collective Expert Reports [Internet], 2003).
Higher drinking decreased with age, which is in line with
previous findings (Chodkiewicz et al., 2020), probably because
the threat of contracting COVID-19 might have motivated
vulnerable populations to minimize adverse health outcomes.
However, being aged 40-59 years was also associated with
higher drinking, which may reflect the high rate of alcohol
problem in this age group (Constant et al., 2017). Conversely,
a slight increase in tobacco use was observed in regular
smokers, showing that stress related to the COVID-19 pandemic
affected risk behaviors in different ways (Bommele et al,
2020). While the threat of contracting COVID-19 might have
motivated a minority of regular smokers to improve their health,
boredom, and restrictions in movement might have fostered
smoking in others.

This study must be interpreted in light of its limitations.
Firstly, the assessment of lifestyle changes in this study
was suboptimal, since it was based on individual recall
methods, without reproducibility assessment. Secondly, the
cross-sectional design does not allow causal inferences
about relationships between variables to be determined.
Furthermore, missing data precluded the investigation of
EPPM appraisal in the total study sample. Thirdly, personality
variables such as anxiety trait and pessimism may have
a pivotal influence on appraisals and were not assessed.
Finally, data were collected in a cohort including a minority
of individuals with deprived socioeconomic backgrounds,
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CURRENT SCENARIO

The coronavirus disease 2019 (COVID-19) is today the biggest public health challenge in the
world (Park, 2020). The first case of COVID-19 was diagnosed on December 8, 2019, in Hubei
province, China. From that day, in just over 3 months, the virus has spread to more than
177 countries/areas/territories around the world, with more than 266,073 confirmed cases and
11,184 deaths, according to WHO on March 21, 2020 (WHO, 2020). The most common clinical
manifestations of COVID-19 are mild flu-like illness, potentially lethal acute respiratory distress
syndrome, or fulminant pneumonia. As a result, numerous countries have decided to implement
(some by government decrees, as well as martial laws) the establishment of mandatory social
distance in a family environment, closing non-essential commercial environments, in an attempt
to reduce the peak of the infection curve (Lewnard and Lo, 2020).

We know that a large part of the world population is far from the minimum conditions of
physical exercise recommended by the American College of Sports Medicine (ACSM) to improve
the health component (Katzmarzyk et al., 2019). This fact would give important relevance to the
level of physical activity exercised by the population throughout the day. However, once the extreme
hypokinetic behavior is implemented as a result of the quarantine, a cycle of perverse events begins,
making part of the population more vulnerable to the deleterious effects of acute and chronic
diseases, including respiratory tract infections (Hall et al., 2020).

In a recent position paper presented by Chen et al. (2020), the authors try to propose to the
general population to continue exercising regardless of the current moment the world is living. In
fact, as the authors mention, based on other researchers, “anything is better than nothing,” and
the sedentary lifestyle is something that should not be encouraged, i.e., any energy expenditure
added to the routine of these people would be significant. Recommendations for the population to
keep regularly active highlight only a minimum applicable technical basis, without presenting any
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TABLE 1 | Recommendations for exercising at home.

Aerobic exercises

Strength exercises

Conception

Configuration
Frequency
Time
Intensity

Volume

Prolonged or short term exercises using large muscle groups

Merging one or more strength component with an aerobic component (see Table 2)
3-5 days/week (consecutive days for high levels of fitness)

10-30min a day. This can be accumulated continuously or in shorter 10-min blocks
Moderate effort (40-59% of heart rate—HR) for long workouts (RPE 3-4) or

for lower levels of conditioning;

Moderate to high effort (60-85% of HR)—for intermediate workout times

(RPE 4-6);

High effort (>~85% of HR)—for short workouts (RPE >7)

Localized exercise with body weight, or free weight

Exercises (include all major muscle)

150 or more min/week are required. 4-6 sets of 6-20 repetitions for selected exercise. 3-5 exercises for workout

Workout form

(a) Mobility and warm up (5—-10 min); (b) core or strength (5-10 min); (c) multimodal workout (5-20 min)

TABLE 2 | Proposal of exercises for workouts configuration.

Upper body

Lower body

Push up (or adapted)
Pull ups (or adapted)

Handstand push up (or inverse
press on chair)

Ball throw (or adapted)

Dips on chair or box

Shoulder push up (on the
ground)

Adapted bent over row (pulling a
towel)

Hip trust (on the ground)
Squat or split squat
Sumo squat

Lunge (or walking lunge)
Pistol (advanced)
Good morning

Adapted deadlift or single leg
deadlift

Aerobic demand

Core

Jumping jacks

Jump rope (single or double
under)

Burpees

Box jump (stairs jump)

Box jump over (on chair)

Hollow body (or hold)
Arch body (or hold)

Sit ups
Plank or side plank
Turkish get up

Skipping (performed in a hallway) Russian twist

Spraw! Mountain climber

suitable parameters for carrying them out. From the initial
positioning of Chen et al. (2020), the ACSM via publication on
the website of the journal Medicine & Science in Sports & Exercise
(ACSM, 2020; WHO, 2020), as well as other institutions (ACSM,
2020; WHO, 2020), expanded the proposal about the practice of
physical exercise to be performed at home. Tasks such as brisk
walking, up and down stairs, dance, jump rope, yoga exercises,
and bodyweight strength training are also recommended for
indoor workout (Table 1).

EXPANDING RECOMMENDATIONS FOR
PRACTICING EXERCISE AT HOME

The suggestions proposed by the ACSM (2020), WHO (2020),
although more consistent, still do not offer a concrete logic
to be applied and controlled. Moreover, the statement “Some

activity is better than none” makes more sense when we talk
about people practicing any physical activity at a beginner level,
therefore merely minimally physically active (Chen et al., 2020).
Thus, for practitioners of physical exercise at levels that require
moderate to high metabolic and strength demand, or even
athletes, these would be susceptible to detraining. According to
the basic premises related to training, an ideal stimulus must
be administered for the adaptation to occur properly, and that
condition may not be prioritized with such positions.

Considering the theoretical rationale prevalent in the
literature, we believe that the suggestions proposed can be
expanded in order to integrate groups of individuals who have
moderate to high physical conditioning and not only sedentary
individuals, providing better guidance on how to proceed during
the quarantine period and offering the possibility of follow-
up training even after the quarantine has ended. For such,
the conviction that traditional strategies of aerobic endurance
exercise may not be a suitable strategy for application in the
residential environment (understanding that majority of the
population does not have stationary bikes, arm or rowing
ergometers at home), so the interval exercise pattern should
be primarily stimulated, with or without the use of any viable
resource of overload implementation. In combination with this
proposal, the concomitant increase in intensity (vigorous to
high intensity) is also essential to promote adaptive results
independently of the initial fitness level.

The effects of high-intensity interval training (HIIT) are
well-established in the literature for healthy people (Gormley
et al., 2008) and those with some comorbidity (obesity, heart
disease, diabetics) (Ballesta Garcia et al., 2019; Taylor et al.,
2019). More recently, the effects of HIIT have been presented
in sedentary individuals, suggesting that the application of
interval exercises would be viable, consolidating itself as an
important strategy for health promotion (Dorneles et al., 2019;
Reljic et al., 2019). The literature shows significant physiological
responses derived from different types of interval protocols
(Paoli et al., 2012; Buckley et al., 2015; Box et al., 2019), and
the improvement in performance seems to be related to the
physiological mechanism of inducing mitochondrial biogenesis
from the expression of the PGC-1 alpha transcription co-
activator, as well as catalyzing enzymes of both the glycolytic
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TABLE 3 | Examples of training session configurations based on intensity control from internal load.

Lower body program Upper body program
Warm up (5 min) RPE 3-4 Warm up (5 min) RPE 3-4
2 sets Specific mobility (hip) 2 sets Specific mobility (shoulders)
30x Jumping jacks 50x Single under
50x Jump rope 50x Skipping
Core (10min) RPE 4-6 Strength (10min) RPE > 7
3 sets 16x Hollow body 3 sets 8-10x Adapted handstand push up
30s Arch hold 8-10x Pull up
Workout (15 min) RPE 4-6 Workout (15 min) RPE > 7
AMRAP 20x Walking lunges MAX RFT 20x Push up
20x Sprawl 20x Dip on box
20x Split squat 20x Mountain climbers
50x Double under 20x Burpees

and oxidative systems (Gibala et al., 2006; Gibala, 2009). Such
adaptations promote greater efficiency metabolic rate in energy
production and buffering capacity.

In a new perspective, evidence indicates that HIIT performed
with body weight can promote significant adjustments in
strength, hypertrophy (Kikuchi and Nakazato, 2017), and the
cardiorespiratory system. For instance, the Tabata protocol
would fit as an interesting tool to be performed at home (Tabata
et al., 1996). Basically, it consists of performing stimulus 8 x 20s
interspersed with 10-s recovery, a total of 4 min. The protocol
is still performed more than once during an exercise session
and with different exercise compositions. Emberts et al. (2013)
reported mean values of 74% of VO, max [rate perceived exertion
(RPE) averaged 15.4 = 1.3] and 86% of HRpax (156 & 13 bpm)
during two types of Tabata workouts (e.g., mountain climbers,
push-ups, split squat, box jumps, burpees, squats, lunges,
Russian twist). This level of workout is a sufficient stimulus
to generate adaptations to the cardiorespiratory component,
and these data are superior to the recommendations proposed
by the ACSM. Moreover, the increase in intensity seems to
be the key to maintain the gains obtained before COVID-19
(Hickson et al., 1985).

To better target the perspective postulated here in our
article, as well as to better interpret the designs positioned
in Table2, Buckley et al. (2015) proposed a high-intensity
multimodal training format as a way to reduce the time
required for multiple adaptations. For this, the authors
compared the physiological responses of the traditional HIIT
performed in a rowing ergometer versus multimodal training,
involving analysis of different manifestations of strength, in
addition to maximum aerobic power and anaerobic capacity.
Thirty-two recreational trained participants performed 60s
“all out” and a 3-min recovery (total of 4min per series).
The multimodal HIIT protocol was configured as follows: a
strength exercise for 4-6 repetitions, an accessory movement
for 8-10 repetitions, and a metabolic component conducted
all out for the remainder of the 60s. The results were
significantly promising, resulting in similar responses in aerobic
and anaerobic performance tests; however, multimodal HIIT

showed significant improvement in all parameters of different
manifestations of strength.

It is suggested, therefore, that the configuration of multimodal
workouts be constructed in a similar way to that reported in the
literature, and the control of exercise overload (internal load)
would be performed based on the RPE (0-10 in combination
with session time (Foster et al., 2001). Table 2 shows a coherent
exercise division format, and Table 3 shows examples of training
session configurations.

CAN EXERCISE INTENSITY COMPROMISE
THE IMMUNE SYSTEM?

Finally, establishing the relationship between the stresses
generated from physical exercise at home and the immune system
is an important point to be considered during this quarantine
period (Amatriain-Fernandez et al., 2020a,b). Nieman (2007)
proposes an open window of alteration of the immune system
after physical exercise, and such manifestation would occur with
significant magnitude in the face of long-lasting endurance, such
as in a marathon, or also in the face of extremely heavy efforts.
However, little is known about the immune responses to short
interval exercise, but current evidence suggests that HIIT seems
to be beneficial for the immune system (Bartlett et al., 2017,
2018; Born et al,, 2017; Durrer et al., 2017; Dorneles et al., 2019;
Steckling et al., 2019; Khammassi et al., 2020), although evidence
still points to a higher increase in the percentage of leukocytosis
after HIIT exercise (Jamurtas et al., 2018).

So, Bartlett et al. (2017) investigated in 27 sedentary adult
individuals the potential of immune response induced by
continuous aerobic training of moderate intensity (MICT) and
HIIT (volume 57% smaller). After 10 weeks, there was a
significant improvement in the capacity of bacterial phagocytosis
by neutrophils (416 vs. +15%, respectively, for HIIT and MICT)
and monocytes (14 vs. 19%, respectively, for HIIT and MICT) for
both training groups. Also with a more recent perspective, Born
et al. (2017) demonstrated that HIIT, in addition to the superior
adaptive responses on the ability to perform exercise (time to
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TABLE 4 | Main positive and negative results from the perspective of HIIT and the changes resulting from this training model.

Durrer et al. (2017)
Objective:

Participants:
Intervention:
Measures:
Outcome:

Bartlett et al. (2018)

Objective:

Participants:
Intervention:

Measures:

Outcome:

Bartlett et al. (2017)

Objective:
Participants:
Intervention:

Measures:

Outcome:

Khammassi et al.
(2020)
Objective:

Participants:

Intervention:

Measures:

Outcome:

Jamurtas et al. (2018)

Objective:

Participants:
Intervention:

Measures:

Outcome:

Born et al. (2017)
Objective:

Participants:
Intervention:

To determine the impact of a single session of HIIT on cellular, molecular, and circulating markers of inflammation in individuals with Type 2
Diabetes (T2D)

Participants with T2D (n = 10) and healthy (HC) age-matched controls (HC; n = 9)
Acute bout of HIIT (7 x 1-min at 85% maximal aerobic power output), separated by 1-min recovery on a cycle ergometer
Blood samples Pre, Post, and 1-h Post. Inflammatory markers on leukocytes and tumor necrosis factor (TNF)-a

(a) significantly | levels of toll-like receptor (TLR); expression on both classical and CD16™ monocytes assessed at Post and 1-h Post
compared with Pre; (b) significantly | LPS-stimulated TNF-a release in cultures at 1-h Post; (c) significantly lower levels of plasma TNF-a at 1-h
Post. There were no differences between T2D and HC except for a larger decrease in plasma TNF-a in HC vs. T2D

Determine whether 10 weeks of a walking-based HIIT program would be associated with health improvements. Assess whether HIIT was
associated with improved immune function, specifically antimicrobial/bacterial functions of neutrophils and monocytes

Twelve physically inactive adults
3 x 30-min sessions/week of 10 > 60-s intervals of high intensity (80-90% VOoeserve), @and rest of 50-60% VOoreserve

Pre- and post-aerobic and physical function; self-perceived health; C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR); plasma
interleukin (IL)-1B, IL-6, chemokine (C-X-C motif) ligand (CXCL)-8, IL-10, and tumor necrosis factor (TNF)-a concentrations; and neutrophil and
monocyte phenotypes and functions

VOomax 19%; Neutrophil migration toward CXCL-8, phagocytosis of Escherichia coli, and ROS production all increased following training. The
frequency of differentiation 14-positive (CD147)/CD16 monocytes was reduced, with both non-classical (CD149Mm/CD16°19") and
intermediate (CD14°9"t/CD16Pstve) monocytes being reduced; Expression of Toll-like receptor 2 (TLR2), TLR4, and HLA-DR was reduced
and monocyte phagocytosis of E. coli increased

Compared the impact of HIIT and moderate-intensity continuous training (MICT) on immune function in sedentary adults
Twenty-seven healthy sedentary adults
HIIT (>90% maximum heart rate) or MICT (70% maximum heart rate) group training program

VOzpeak, Neutrophil and monocyte bacterial phagocytosis and oxidative burst, cell surface receptor expression, and systemic inflammation
were measured before and after the training

Total exercise time was 57% less for HIIT; Significantly improved VOopeax for both; Oxidative burst and monocyte phagocytosis and percentage
of monocytes producing an oxidative burst were 1 by training similarly; Expression of monocyte but not neutrophil CD16, TLR2, and TLR4 was
J by training similarly in both groups; No differences in systemic inflammation were observed for training

Compare the effects of HIIT and moderate-intensity continuous training (MCT) on hematological biomarkers in active young men (9 weeks/3
training per week)

Sixteen men aged 18-20 years were randomly assigned to HIIT or MCT group

HIIT: (80s at 100% of maximum aerobic velocity/30 s rest at 50%); MCT sessions were matched for workload based on the total distance in
HIT

VO2zmax; red blood cell, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, leukocyte, neutrophil, lymphocyte, monocyte, and eosinophil count

No significant change was observed in maximal aerobic velocity and estimated VOzmax in both groups; Leukocyte, lymphocyte, neutrophil, and
monocyte count showed significant improvements in response to the MCT; The MCT intervention favored an increase in the number of
immune cells

Evaluated the effects of HIIT on hematological profile and redox status compared with those following traditional continuous aerobic exercise
(CET)

Twelve healthy young men participated in a randomized crossover design under HIIT and CET

HIIT: 4x 30-s sprints on a cycle-ergometer/4 min of recovery. CET: 30-min cycling on a cycle ergometer at 70% of their VOomax

Blood was measured at baseline, immediately after, 24, 48, and 72 h post-exercise and was analyzed for complete blood count and redox
status (thiobarbituric acid reactive substances, [TBARS]; protein carbonyls, [PC]; antioxidant capacity total, [TAC]; catalase and uric acid)

White cells 1 immediately post-exercise (HIIT: 50% and CET: 31%, respectively); HIIT 1 +22% PC post-exercise compared to CET; HIIT 4
+16% TAC immediately post-exercise and at 24 h post-exercise (11%), while CET 1 TAC only post-exercise (12%, p < 0.05); Both HIIT and
CET 4 uric acid immediately post- (21 and 5%, respectively) and 24 h (27 and 5%, respectively); There were no significant changes for TBARS
and catalase following either exercise protocol

Evaluate the mucosal immune function and circadian variation of salivary cortisol, Immunoglobin-A (slgA) secretion rate and mood during a
period of high-intensity interval training (HIIT) compared to long-slow distance training (LSD)

28 Recreational male runners

9 sessions (3 weeks); HIIT: 4 x 4 min of running at 90-95% of max HR/3 min rest; LSD: continuous running at 70-75% of max HR for 60-80
min

(Continued)
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TABLE 4 | Continued

Measures:
Outcome:

Salivary cortisol and immunoglobin-A (sIgA); VOopeak and Performance
HIIT = longer time-to-exhaustion and 1VOzpeac compared to LSD, slgA secretion rate was higher on the last day of training, as well as the area

under the curve (AUCG) higher on the first and last day of training and follow-up compared to the LSD. The AUCG for cortisol remained
unaffected on the first and last day of training but increased on the follow-up day with both, HIIT and LSD. sIgA secretion rate with the HIIT

indicates no compromised mucosal immune function
Bartlett et al. (2020)

Determine if neutrophil functions could be improved in association with changes in fitness and metabolic parameters in older adults at risk for

Before and after training, VOzpeax, glucose and insulin sensitivity, neutrophil chemotaxis, bacterial phagocytosis, reactive oxygen species (ROS)

production, and mitochondrial functions were assessed (VOzpeax @and neutrophil functions were compared to six young (23 + 1 years) healthy

Objective:

: Type 2 Diabetes Mellitus using 10-weeks of low volume high-intensity interval exercise training (HIIT)
Participants: Ten older sedentary adults with prediabetes completed 10 weeks of a supervised HIIT program
Intervention: 10x 60 s intervals at 80-90% Heart rate reserve/50-60% HRR rest
Measures:

adults)
Outcome:

Significant |, in fasting glucose and insulin were accompanied by 1 glucose control and insulin sensitivity; VOopeak 1 16 = 11%; Following

training, chemotaxis phagocytosis and stimulated ROS 4 while basal ROS | similar to levels observed in the young controls; mitochondrial
functions 1 toward those observed in young controls, | the deficit of the young controls between

Dorneles et al. (2019)
Objective:
Participants: Seven sedentary obese men
Intervention:
Measures:

Outcome:

To verify the effect of 1 week of high-intensity interval training (HIIT) on the peripheral frequency of T helper subsets and monocyte subtypes

One week of HIIT (3x/week)—10 bouts of 60 s (85-90%HRmax) alternated with 75 s of recovery (50%HRmax)
Blood samples before and 24 h after the last session for phenotypic analysis of T cells and monocytes
After 1 week of HIIT, an 1 in VOzpeax. Short-term HIIT 4 Treg (CD4+ CD25M" CD127'°%); and mTreg cells (CD4™ CD25+ CD39*); No statistical

difference was observed in other immune cell phenotypes analyzed

Steckling et al. (2019)
Objective:

Participants: Fifteen postmenopausal women with MS
Intervention:

Measures:

Effects of HIIT on systemic levels of inflammatory and hormonal markers in postmenopausal women with metabolic syndrome (MS)

Treadmill running 3x per week, for 12 weeks. 4x 4 min intervals at 90% HRmax, with 3 min active recovery at 70% HRmax
Body composition, VOomax, Serum plasma levels of cytokines (levels of IL-1b, IL-6, IL10, IL-18, TNF-a, interferon-gamma—IFN-c), nitrate and

nitrite (NOx) levels, and adiponectin, resistin, leptin, and ghrelin were determined along the intervention

Outcome:

VOomax and anthropometric parameters were 1 after HIIT, while | levels of proinflammatory markers and 4 levels of interleukin-10 (IL-10) were

also found. Adipokines were also modulated after 12 weeks or training. The mRNA expression of the studied genes was unchanged after HIIT

Kaspar et al. (2016)

Objective:

insulin-like growth factor
Participants: Seven healthy untrained volunteers
Intervention:

62.5% of Max HR
Measures:

protein (CRP)
Outcome:

To compare effect of single-bout endurance (ET) and HIIT on the plasma levels of 4 inflammatory cytokines and C-reactive protein and

HIIT: 6 sets of 30's of all-out supramaximal intensity cycling; ET: 45 min of ergometer cycling at a moderate intensity, which was calculated at

Plasma samples for the interleukins (IL), IL-18, IL-6, and IL-10, monocyte protein-1 (MCP-1), insulin growth factor 1 (IGF-1), and C-reactive

ET: significant acute and long-term inflammatory response with | decrease at 30 min after exercise in the IL-6/IL-10 ratio (—20%) and a | of

MCP-1 (—17.9%); There were no significant changes in the plasma levels of CRP, IL-1, and IGF-1 from baseline to either 30 min or 2 days after

the intervention

exhaustion—p = 0.02; VOapax—p = 0.01), induced functional
immunoglobin-A adaptations following 4 days of training in
recreational adult runners. Furthermore, HIIT promotes similar
inflammatory responses after exercise compared to traditional
endurance training, suggesting its viability as a training strategy
(Kaspar et al., 2016; Bartlett et al., 2017). However, an adequate
progression of intensity is suggested to avoid deleterious
effects due to high doses of exercise. In the workout model
recommended here, despite the fact that it is called high-intensity
interval exercise, the effective physiological impact (product
of volume vs. intensity) is reasonably small (main workout).
Moreover, such proposals mainly focus on recreational trained

people. In line with this, several studies have shown significant
findings in favor of HIIT protocols when compared to moderate-
intensity exercise, showing how the immunological system
responds to vigorous to high-intensity training with very short
duration (Table 4).

FUTURE PERSPECTIVES

It is reasonable to think that HIIT can also be adjusted to improve
physical fitness and health in individuals with low levels of fitness
(Gormley et al., 2008), as well as for overweight and obese people,
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according to the trend facing this pandemic (Wewege et al,
2017). First, it is important to understand that the term high
intensity should not necessarily be interpreted as a high effort
(that would generate limiting condition), since the effort depends
on the ratio between intensity and time. In the case of protocols
with neuromuscular characteristics, it is possible to establish a
suitable threshold for each fitness pattern, mainly controlling the
pace with which the movements are performed or the time spent
in each stimulus. For cyclic aerobic exercise, the external load,
related to the percentage level of VOyax required by the coach,
is in high physical demand, while the internal load, referring to
internal perceptions and changes, can modulate a perceived effort
to tolerable levels (Foster et al., 2001). Thus, considering the non-
prolonged exposure to high-intensity stimuli, we were able to
produce significant results for the cardiorespiratory component
(Buchheit and Laursen, 2013), as well as important functional
adaptations to the immune system (Bartlett et al., 2017), and
promote greater adherence to exercise by individuals with a
lower level of fitness (Hartman et al., 2019). Therefore, HIIT
is expected to be recognized from a safe and effective dose-
response perspective (Taylor et al., 2019) as a potential tool for
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The COVID-19 pandemic resulted in more than half the world’s population being placed
in lockdown to stem the spread of the virus. The severe restrictions imposed in many
nations had the potential to significantly influence the physical and psychological well-
being of those affected. The aim of the current study was to investigate mood responses
during the period of restrictions from March to June, 2020. Mood responses of 1,062
participants (386 male, 676 female) were collected using the Brunel Mood Scale, hosted
on the In The Mood website www.moodprofiling.com. The mean pattern of mood
responses reflected an inverse iceberg profile, characterized by significantly elevated
scores for tension, depression, anger, fatigue, and confusion, and below average scores
for vigor; a profile associated with increased risk of mental health issues. Females
reported more negative mood scores than males. Participants in the <25 age group
reported the most negative profiles whereas those in the >56 age group reported the
least negative profiles. Mood differences related to education status were also evident.
Finally, mood scores fluctuated over time, with profiles being most negative during April
and June. Overall, results confirmed significant mood disturbance during the period of
COVID-19 restrictions, representing increased risk of psychopathology.

Keywords: affect, emotion, COVID-19, pandemic, mood profiling, BRUMS

INTRODUCTION

On the 30th January 2020, the World Health Organisation (WHO) declared the novel coronavirus
2019-nCoV (COVID-19) to be a “public health emergency of international concern” (World Health
Organization, 2020a, p. 1)'. By the end of September 2020, COVID-19 had been contracted by
over 35 million people globally and had caused more than 1 million deaths (Centre for Systems
Science and Engineering, 2020)*. To interrupt the flow of transmission, significant restrictions
were introduced, impinging on a large proportion of the world’s population. International traffic
was affected, with many countries closing national borders and introducing overseas travel
bans. Citizens were required to reduce daily contact and remain indoors for extended periods,

'https://www.who.int/news-room/articles- detail/updated-who- recommendations- for-international- traffic-in- relation-to-
covid- 19-outbreak

Zhttps://coronavirus.jhu.edu/map.html
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colloquially referred to as “lockdown” (Hale et al., 2020), many
small businesses were forced to close, financial markets retreated,
and unemployment soared (Pak et al., 2020).

Given the unprecedented consequences of this global health
crisis, investigating the effects of such wide-ranging restrictions
on indicators of mental health is critically important. COVID-
19 and other strains of coronavirus have been shown to inflict
adverse mental health effects, not only on those who contract
the disease (Rogers et al., 2020), but also on those placed
in precautionary quarantine (Brooks et al, 2020), on health
caregivers (Pappa et al., 2020), and on individuals whose daily
lives are severely impacted (Ammar et al., 2020c).

A meta-analysis of 65 independent studies (Rogers et al.,
2020) showed that individuals who had contracted but recovered
from a severe coronavirus infection, including Severe Acute
Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS), were susceptible to mental health issues
in the longer-term, including depression, anxiety, fatigue, and
post-traumatic stress disorder (PTSD), sometimes years after
being discharged from hospital. Moreover, an investigation of
psychiatric complications among COVID-19 patients confirmed
that the effects of the disease extend beyond respiratory issues in
many cases, prompting a range of adverse cerebral events that
include psychosis and affective disorders (Varatharaj et al., 2020).

A review of 24 studies investigating the psychological impact
of being in quarantine (Brooks et al., 2020) also identified several
negative effects, including PTSD symptoms, confusion, and
anger. Fear, frustration, and boredom were among the stressors
listed as contributing to mental health issues. Several predictions
of alooming mental health crisis associated with COVID-19 have
been promulgated (e.g., Pfefferbaum and North, 2020), along
with a range of publications outlining the likely psychosocial
effects of the pandemic with accompanying advice on how
to manage mental health (e.g, World Health Organization,
2020b)’. A large-scale investigation of the psychosocial impacts of
home confinement, involving 35 research organizations globally,
identified significantly decreased life satisfaction associated with
dramatic reductions in social participation through family,
friends, and entertainment (Ammar et al., 2020b).

A systematic review and meta-analysis of 13 studies
conducted since the COVID-19 pandemic commenced, covering
a combined total of 33,062 healthcare workers (Pappa et al,
2020), found the prevalence of mental health issues, particularly
depression and anxiety, to be significantly elevated compared
to population norms, especially among females. Further, a
multicenter study of the emotional consequences of COVID-
19 lockdown, involving 35 research organizations globally,
reported reduced overall mental well-being and increased
depressive symptoms triggered by enforced home confinement
(Ammar et al., 2020c). Moreover, a national survey of 13,829
respondents in Australia during the first month of COVID-
19 restrictions (Fisher et al, 2020) concluded that mental
health problems were at least twice as prevalent as in non-
pandemic circumstances.

*https://www.who.int/docs/default- source/coronaviruse/mental- health-
considerations.pdf?sfvrsn=6d3578af_10

The effects of COVID-19 on the mood responses of
individuals is an important indicator of how well society is coping
with the pandemic. The YouGov website in the United Kingdom
provides a weekly assessment of the mood of the nation,
which showed that the percentage of those reporting feeling
“happy” had plummeted from 50% in early March 2020 to
26% a month later, whereas those feeling “scared” had risen
from a norm of 11 to 34%, feeling “bored” from 19 to 34%,
and feeling “stressed” from 41 to 48% (YouGov, 2020)*. These
data offer clear signs that the collective mood of the country
deteriorated once lockdown measures were introduced into
the United Kingdom.

Using a similar research paradigm to the YouGov approach,
our study focused on assessing the mood responses of individuals
during the period when movement and gathering restrictions
were in place, and comparing the observed mood scores
with well-established normative values developed prior to the
COVID-19 outbreak (Terry et al., 1999, 2003a; Terry and Lane,
2010). For the purpose of our investigation, mood is defined as
“a set of feelings, ephemeral in nature, varying in intensity and
duration, and usually involving more than one emotion” (Lane
and Terry, 2000, p. 17).

Several distinct mood profiles have been identified, based on
the Profile of Mood States (McNair et al., 1971) or derivative
measures, such as the Brunel Mood Scale (Terry et al., 1999,
2003a). For example, Morgan (1985) proposed that the
iceberg profile, a pattern of mood responses characterized
by above average scores for vigor and below average scores
for tension, depression, anger, fatigue, and confusion, was
associated with psychological well-being, whereas negative
moods are associated with increased risk of psychopathology.
Subsequently, Morgan et al. (1987) and others have highlighted
the inverse iceberg mood profile, characterized by above
average scores for tension, depression, anger, fatigue, and
confusion, and below average scores for vigor, as indicative
of increased risk of a range of pathologies, including
chronic fatigue, overtraining syndrome, PTSD, and eating
disorders (e.g., Budgett, 1998; Terry and Galambos, 2004;
van Wijk et al., 2013).

More recent studies (Parsons-Smith et al., 2017; Quartiroli
et al, 2018; Han et al, 2020) have identified new profiles,
referred to as the inverse Everest, shark fin, submerged, and
surface profiles. The inverse Everest profile is characterized
by low vigor scores, high scores for tension and fatigue, and
very high scores for depression, anger, and confusion. The
shark fin profile is characterized by below average scores for
tension, depression, anger, vigor, and confusion, combined with
a high score for fatigue. The submerged profile is characterized
by below average scores for all six mood dimensions. The
surface profile is characterized by average scores for all six
mood dimensions. In the present study, it was hypothesized
that during the period of COVID-19-related restrictions there
would be increased prevalence of inverse iceberg and inverse
Everest profiles and decreased prevalence of iceberg and
submerged profiles.

“https://yougov.co.uk/topics/science/trackers/britains-mood- measured-weekly
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TABLE 1 | Sample demographics (N = 1,062).

Source n %
Sex

Male 386 36.3
Female 676 63.7
Age band (years)

<25 243 22.9
26-35 263 24.8
36-45 232 21.8
46-55 167 15.7
>56 157 14.8
Ethnicity

African 16 1.5
Asian 87 8.2
Caucasian 853 80.3
Indigenous 18 1.7
Middle Eastern 19 1.8
Other 69 6.5
Education level

<High school graduate 238 22.4
TAFE!/Trade qualification 197 18.5
University qualification 316 29.8
Postgraduate qualification 311 29.3

1TAFE, Technical and Further Education.

MATERIALS AND METHODS

Participants

A total of 1,062 individuals participated in an online study.
A range of age bands, ethnicities, and education levels were
represented (see Table 1). Age bands were represented
relatively evenly, but sex (64% female), ethnicity (80%
Caucasian), and education level (59% university educated)
were unevenly distributed.

Measures

Participants reported relevant demographic information (sex,
age band, ethnicity, education level) and completed the Brunel
Mood Scale (BRUMS; Terry et al., 1999, 2003a). The BRUMS
is a 24-item scale of basic mood descriptors, with a standard
response timeframe of “How do you feel right now?” Participants
rated their moods on a five-point Likert scale (0 = not at all,
1 = a little, 2 = moderately, 3 = quite a bit, and 4 = extremely).
The BRUMS has six subscales (i.e., anger, confusion, depression,
fatigue, tension, and vigor) each with four items. Total subscale
scores range from 0 to 16. Raw scores are transformed into
standard scores with reference to established tables of normative
data (see Terry et al., 2003a). The BRUMS has been validated
across diverse cultures (e.g., Terry et al, 2003b; Zhang et al,,
2014; Han et al., 2020) and situational contexts (e.g., van Wijk
et al.,, 2013; Sties et al, 2014). Good internal consistency has
been demonstrated for the six subscales, with Cronbach alpha
coefficients ranging from 0.74 to 0.90 (Terry et al., 1999).

Procedure

All data were collected via the In The Mood website (Terry et al.,
2013). The BRUMS takes approximately 2 min to complete. The
website database has almost 28,000 completed BRUMS profiles.
Data collected during the current study were compared with
established norms. The study was conducted in accordance with
the Australian Code for the Responsible Conduct of Research.
The protocol was approved by the Human Research Ethics
Committee at the University of Southern Queensland (approval
number: HI9REA100).

Data Screening

As the website does not allow participants to submit the BRUMS
for scoring unless all items have been answered, there were no
missing values. Consistent with previous samples (e.g., Parsons-
Smith et al, 2017; Quartiroli et al.,, 2018), univariate non-
normality was evident for some subscales (e.g., depression, anger,
and tension). As is typical of mood measures, negative scores
tended toward higher numbers at the lower end of the scoring
range, and lower numbers at the upper end (Terry et al., 1999,
2003a). Frequency distributions for skewness and kurtosis were
examined and it was concluded that deviations from normal
distribution were unlikely to make a substantive difference to
the analyses, thus no data were removed. Using the Mahalanobis
distance test (p < 0.001), a total of 13 multivariate outliers
were identified, although a case-by-case inspection found no
examples of response bias in the form of acquiescent, extreme,
or straight line responding (Meisenberg and Williams, 2008;
Leiner, 2019). Hence, all outliers were retained in the sample of
1,062 respondents.

RESULTS

Mean Mood Profile During COVID-19
Restrictions

The full range of raw scores (0-16) was observed for all six
subscales. Once the raw scores were transformed into standard
scores (T-scores), the mean mood profile of the whole sample,
when plotted against relevant norms, represented an inverse
iceberg profile (see Figure 1). The observed mean scores for all
mood dimensions were significantly different from the normative
mean score of 50 (p < 0.001; see Table 2). Effect sizes were
small for tension scores (d = 0.28) and moderate-to-large for
depression, anger, vigor, fatigue, and confusion scores (d = 0.54-
0.70).

Cluster Analysis

A seeded k-means cluster analysis with a prescribed six-cluster
solution clearly identified the same six mood profiles previously
reported in the literature (e.g., Parsons-Smith et al., 2017; see
Figure 2). However, although the profiles were identical to
those found in previous investigations, their prevalence was
markedly different. Prevalence of the shark fin profile (12.9%)
and surface profile (17.3%) was consistent with previous studies
(~15.1 [range = 13.0-17.3%] and ~17.0 [range = 14.8-21%],
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FIGURE 1 | Mean mood profile reported during COVID-19 restrictions (N = 1,062).

Fatigue Confusion

respectively). However, as hypothesized, there were significantly
fewer iceberg profiles (20.2 vs. ~27.6% [range = 23.3-30.0%])
and submerged profiles reported (16.2 vs. ~24.8% [range = 18.0-
31.4%]). Most notably, and again as hypothesized, the inverse
iceberg was the most commonly reported profile in the present
investigation (21.2 vs. ~11.9% [range = 9.3-14.0%]) and the
inverse Everest profile was reported by 12.2% of participants
compared to the typical ~3.8% (range = 2.4-5.0%; Han et al,,
2020; Parsons-Smith et al., 2017; Quartiroli et al., 2018; Terry
and Parsons-Smith, 2019). Both the inverse iceberg and inverse
Everest profiles reflect increased risk of psychopathology (e.g.,
Terry and Galambos, 2004; van Wijk et al., 2013).

Demographic Influences on Mood

Responses
Single-factor MANOVAs were used to investigate the influence of
sex, age band, level of education, and month on mood responses
and univariate analyses were used to identify significant between-
group differences. Ethnicity was excluded from analyses due to
unequal sample sizes (Tabachnick and Fidell, 2019). Significant
multivariate variability at p < 0.001 was found for each variable
analyzed (see Table 3).

Univariate differences were assessed using a Bonferroni-
adjusted alpha level of p < 0.008. Females reported higher
scores for tension, depression, fatigue, and confusion, and lower

TABLE 2 | Comparison of mean BRUMS scores vs. norms (N = 1,062).

Mood dimension M SD Range t d

Tension 52.98 10.80 [40-83] 8.99" 0.28
Depression 59.74 14.83 [44-106] 21.40" 0.66
Anger 57.08 12.21 [45-98] 18.90" 0.58
Vigor 45.39 8.47 [31-71] 17.74% 0.54
Fatigue 56.56 10.55 [40-79] 20.26" 0.62
Confusion 58.88 12.76 [43-99] 22.68" 0.70

t, t-test for difference between observed mean and normative mean of 50; d, effect
size; Tp < 0.001.

scores for vigor, compared with males. Those aged <25 years
reported higher scores for tension and confusion compared
with those aged from 46 to 55 years. Participants in the >56
category scored lower for tension, depression, anger, fatigue,
and confusion compared with the <25 and 26-35 age bands,
as well as lower scores for anger and fatigue compared with
individuals aged 36-45 years. For education, participants with a
TAFE/trade qualification scored higher for depression and fatigue
compared with those with a postgraduate qualification, and lower
for vigor in comparison to individuals with either a university
or postgraduate level of education. In terms of trends over time,
participants scored lower for depression and fatigue in March
compared with April and June. Lower vigor and higher fatigue
scores were reported in April compared with May. Higher anger
scores were reported in June compared with March and May.

Distribution of Mood Profiles by

Demographic Variable

Chi-squared tests were used to assess the distribution of mood
profile clusters by demographic variables of interest. Significant
associations between the six mood profiles and sex, age group,
and education level were found (see Table 4). Adjusted residuals
were assessed against the critical values of £1.96, £2.58, and
+3.29 (Field, 2009) to identify the source of differences.

Sex

The distribution of mood profiles varied significantly by sex,
with males generally reporting more positive profiles. Males were
over-represented in the iceberg profile whereas females were
over-represented in the shark fin profile, consistent with previous
studies (Parsons-Smith et al., 2017; Quartiroli et al., 2018; Han
et al., 2020). Males were over-represented in the surface profile
compared with females, consistent with Han et al. (2020).
Although females reported a higher prevalence of inverse iceberg
profiles, the distribution did not vary significantly, mirroring
the findings of Quartiroli et al. (2018). The distributions of the
inverse Everest and submerged profiles were independent of sex.
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FIGURE 2 | Prevalence of mood profile clusters (N = 1,062).
TABLE 3 | MANOVA of BRUMS subscales by demographic variables.
Tension Depression Anger Vigor Fatigue Confusion
Source M SD M SD M SD M SD M SD M SD
Sex [T2 = 0.13, F(6,1055) = 23.04']
Male (n = 386) 51.27F 10.08 58.02* 1413 57.91 12.72 48.467 8.09 54,05t 9.05 57.23" 12.24
Female (n = 676) 53.96 11.08 60.72 15.13 56.61 11.89 43.63 8.19 58.00 10.85 59.82 12.97
Age band [T? = 0.08, F(24,4202) = 3.60']
<25 years? (n = 243) 55.241e 11.87 62.031e 15,50  57.80* 12.05  45.65 7.99 58.63' 10.39  62.27T%  13.36
26-35 years® (n = 263) 54.047e 10.74 60.94* 15.34  57.96*° 13.06  45.08 8.94  57.27f° 10.60  59.90fe 12.84
36-45 years® (n = 232) 53.06 10.15 60.09 1415 58.42fe 12.07 44.48 8.54 57.687¢ 10.66 58.80 12.08
46-55 years? (n = 167) 51.25%@ 10.51 58.05 14.94 56.19 13.28 45.24 8.39 55.22 10.34 56.50 12.57
>56 years® (n = 157) 49.44 9.20 55.46 12.69 53.46 8.94 46.99 8.23 51.95 9.25 54.57 11.21
Education level [T2 = 0.05, F(18,3155) = 2.921]
<High school® (n = 238) 52.86 10.94 60.72 14.96 57.48 12.28 44.69 8.29 57.06 10.63 58.96 12.33
TAFE'/Trade® (n =197)  53.88 11.59 61.82+d 1541  58.06 12.36 4324  7.86  59.49'd 11.45  60.50 12.99
University® (n = 316) 53.36 10.85 60.07 15.10 57.06 12.58 45.80 8.28 56.61 10.45 59.67 13.58
Pos‘[graduated (n=311) 52.12 10.07 57.33 13.79 56.17 11.66 46.8610 8.88 54.28 9.46 56.99 11.89
Month [T2 = 0.06, F(18,3155) = 3.65']
March 20202 (n = 33) 51.45 8.34 50.67T™°9  10.13  51.36 8.03 4824 755  49.61fkd 8.20  54.82 9.29
April 2020° (n = 633) 53.23 10.99 60.50 16.12 5714 12.05 44667 8.19 57.26* 10.69 59.23 13.07
May 2020° (n = 185) 51.63 10.14 56.82 13.67 54.83 11.07 47.54 9.45 54.42 9.79 56.52 11.95
June 20209 (n = 211) 53.65 11.06 61.44 1477  59.76T8° 1348 4522 820 57.45 1048  60.52 12.65

T2, Hotelling’s T-squared; Tp < 0.001; *o < 0.008; ' TAFE, Technical and Further Education. Superscript letters a—e are used to indicate sub-group differences.

Age Band

A general trend of mood profiles being more positive among
older age groups was evident, largely consistent with previous
age group comparisons (Parsons-Smith et al., 2017; Quartiroli
et al., 2018). Younger participants (<25 years, 26-35 years)

were under-represented and older participants (>56 years)

over-represented in the iceberg profile. Younger participants
(<25 years) were over-represented and older participants
(=56 years) under-represented in the inverse Everest profile.
Participants aged 36-45 years were over-represented in the
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TABLE 4 | Distribution of clusters by demographic variables.

Cluster

Source 1 % 2 % 3 % 4 % 5 % 6 %
Sex [x2(5,1062) = 52.07']

Male (n = 386) 1111+ 28.8 38 9.8 71 18.4 27t 7.0 55 14.2 845+ 21.8
Female (n = 676) 103t 15.2 92 13.6 154 228 1107+ 16.3 117 17.3 1008~ 14.8
Age band [x2(20,1062) = 80.131]

<25 years (n = 243) 31t 12.8 39*+ 16.0 52 214 36 14.8 27 111 585 + 23.9
26-35 years (n = 263) 417 15.6 37 14.1 58 221 35 13.3 43 16.3 49 18.6
36-45 years (n = 232) 39 16.8 30 12.9 61+ 26.3 28 12.1 40 17.2 34 14.7
46-55 years (n = 167) 41 24.6 15 9.0 31 18.6 21 12.6 395+ 23.4 20 12.0
>56 years (n = 157) g2t + 39.5 95— 5.7 23 14.6 17 10.8 23 14.6 23 14.6
Education level [x2(15,1062) = 28.99*]

<High school (n = 238) 43 18.1 32 13.4 51 21.4 36 15.1 41 17.2 35 14.7
TAFE/Trade (n = 197) 29"~ 14.7 34+ 17.3 41 20.8 32 16.2 31 15.7 30 15.2
University (n = 316) 56 17.7 36 11.4 73 23.1 35 1.1 52 16.5 64 20.3
Postgraduate (n = 311) get+ 27.7 28~ 9.0 60 19.3 34 10.9 48 15.4 55 17.7

1, Iceberg; 2, Inverse Everest; 3, Inverse Iceberg; 4, Shark Fin; 5, Submerged; 6, Surface; *, over-represented, ~, under-represented; Tp < 0.001; Sp < 0.01; *p < 0.05;

"TAFE, Technical and Further Education.

inverse iceberg profile, whereas those >56 years were under-
represented. Individuals aged 46-55 years were over-represented
in the submerged profile, whereas those <25 years were under-
represented. The distribution for the shark fin profile was
independent of age.

Level of Education

Participants with a TAFE/trade qualification were under-
represented in the iceberg profile and over-represented in
the inverse Everest profile. The reverse was true for those
with a postgraduate level of education. Distributions for the
inverse iceberg, shark fin, submerged, and surface profiles were
independent of level of education.

DISCUSSION

The mean mood profile for the participant group collectively,
compared to normative scores, was characterized by elevated
tension, depression, anger, fatigue, and confusion, and reduced
vigor. Significant mood disturbance was further reflected in
the prevalence of mood profile clusters, when compared to
prevalence rates reported in previous studies. For example, the
inverse iceberg was reported by 21.2% of participants and the
inverse Everest profile by 12.2% of participants, compared to
the typical prevalence of 11.9% and 3.8%, respectively (Parsons-
Smith et al., 2017; Quartiroli et al., 2018; Terry and Parsons-
Smith, 2019; Han et al., 2020). This suggests that ~33% of our
sample were at increased risk of experiencing some form of
clinically diagnosable mood-related disorder, whereas the global
point prevalence of mood disorders based on the results of
148 studies is 5.4% (Steel et al., 2014). Our findings align with
those of Fisher et al. (2020) who found that 25% of participants
reported mild to moderate depressive symptomology during the
first month of COVID-19 restrictions.

There are several plausible explanations for the observed
increase in negative feeling states. The pandemic has undoubtedly
caused fear and loss for many individuals; health fears for
self and loved ones, fear of isolation, loss of income, social
support, and a sense of normality, the list is extensive. The
notion of disenfranchised grief (Doka, 2002) offers a potential
explanation for the widespread mood disturbance evident among
participants. Grief at the loss of someone or something dear to an
individual is said to be disenfranchised when the griefis perceived
to be unacknowledged or unworthy. During the pandemic, many
individuals have lost livelihoods, relationships and opportunities,
or been denied access to simple things that give them pleasure,
such as physical contact with friends and family, a trip to the local
café, or interacting with work colleagues. Although such losses
can trigger a genuine grief response, knowledge of countless
pandemic-related deaths may create a perceived obligation to
minimize the outward expression of loss because others are in far
worse circumstances. A reluctance or inability to share grief and
loss with others may be associated with mood decrements and
increased potential for psychopathology (Fisher et al., 2020).

Mood disturbance may also be explained by reduced physical
activity and increased sedentary behaviors during COVID-
19 restrictions. The antidepressant effect of exercise has a
strong evidence base (Dunn et al., 2005; Siqueira et al., 2016)
and exercise as a treatment for mood disorders is also well
established (Hearing et al., 2016). The National Physical Activity
Guidelines for Adults advocates a simple message of moving
more and sitting less, with a recommendation to accumulate
150-300 min/week of moderate intensity physical activity or
75-150 min/week of vigorous exercise (Department of Health,
2019)°. Unfortunately, since COVID-19 restrictions have come
into force, many people have been moving less and sitting more

*https://www].health.gov.au/internet/main/publishing.nsf/ Content/health-
pubhlth-strateg- phys-act-guidelines
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(Ammar et al., 2020a). Moreover, reduced exercise duration
during the pandemic has been associated with higher scores
for depression, anxiety, and stress (Stanton et al., 2020).
Encouragingly, some recently published papers have offered
guidelines and practical recommendations for staying physically
active during quarantine and/or self-isolation (e.g., Bentlage et al.,
2020; Chtourou et al., 2020).

Trait characteristics may also play an important role
in determining mood responses to COVID-19 restrictions.
An Italian study conducted during the early stages of the
pandemic in Europe (February-March, 2020) among a sample
of 2,886 participants (Pagnini et al., 2020) showed that negative
feeling states in response to movement restrictions were more
common among those with greater cognitive rigidity and
emotional instability.

Results of between-group comparisons identified similar
findings to those reported previously. Compared to males,
females reported significantly higher levels of tension, depression,
fatigue, and confusion, together with lower levels of vigor,
replicating the findings of Han et al. (2020). Research on the
six mood profile clusters has consistently found an increased
prevalence of the more negative mood profiles for females
compared with males (Parsons-Smith et al., 2017; Quartiroli et al.,
2018; Han et al., 2020), and the Australian Bureau of Statistics
(2008)° notes that females are almost twice as likely as males to be
affected by a mood disorder (8.4 vs. 4.3%).

Several explanations have been advanced to explain sex
differences in mood responses. From a chronobiological
perspective, there is evidence to support a sex-specific
predisposition to depressive states. Many sub-threshold
depressive symptoms, and indeed mood disorders, have been
tentatively linked to dramatic hormonal fluctuations relating
to reproductive-related events (e.g., menarche, menstruation,
pregnancy, postpartum, menopause; Soares, 2013). Such
“windows of vulnerability” (Soares, 2013, p. 677) are thought
to predispose women to depressive symptoms via estrogen-
serotonin interactions (Miller et al., 2002; Amin et al., 2005).
Estrogen has been found to play an important mechanistic
role in mood regulation (Halbreich and Kahn, 2001; Miller
et al., 2002), although the specific pathophysiological pathways
remain poorly understood (Soares, 2013). Other explanations
are psychological in nature, including sex differences in ability to
downregulate negative feeling states through the implementation
of effective strategies (Nolen-Hoeksema, 1991, 2012), and a
greater willingness among females to report mood disturbance
(Bogner and Gallo, 2004).

Regarding age, it is evident globally that those in the 18-
25 age group have been disproportionately affected materially
by the pandemic, in terms of reduced employment and income
(Belot et al., 2020). Logically, such detrimental effects would act
as a catalyst for mood disturbance among younger individuals.
However, nuanced differences in the adoption of effective
emotion-regulation strategies may also underlie age-related
variations in reported mood. Consistent with previous findings

Shttps://www.abs.gov.au/ AUSSTATS/abs@.nsf/Lookup/4326.0Main+
Features32007?OpenDocument

(Parsons-Smith et al., 2017; Quartiroli et al., 2018; Han et al,,
2020), younger participants reported higher scores for tension,
depression, anger, fatigue, and confusion compared with their
older counterparts, and were more likely to report negative mood
profiles, rather than the iceberg profile more frequently reported
by those aged >56 years. Associations between maladaptive
coping strategies and psychopathology symptom development
have been reported (McLaughlin et al., 2011). Younger adults are
more likely to utilize rumination, avoidance, and suppression,
all of which are associated with poorer mental health outcomes
(Aldao et al,, 2010). Further, a reciprocal relationship exists
between rumination and development of depression and anxiety
symptomology (McLaughlin and Nolen-Hoeksema, 2011).

Given the saturation of negative COVID-19 information in
the media, younger adults may find it difficult to employ cognitive
distraction and avoidance strategies and more likely to engage
in maladaptive emotion-regulation strategies, such as rumination
and suppression of feelings. Conversely, adaptive strategies such
as acceptance, reappraisal, and problem solving, which are
associated with more positive outcomes, are techniques more
often adopted by older adults (Aldao et al., 2010). Additionally,
older adults are more likely to have built a repertoire of effective
and flexible coping strategies from which to draw that may
better suit challenging situations (Livingstone et al., 2020 ). Older
adults may therefore be inclined to put COVID-19 restrictions
into a broader and more manageable perspective. In general,
active as opposed to passive emotion-focused strategies tend to
be more adaptive and likely to be associated with reduced mood
disturbance in the current climate.

In terms of level of education, participants with a postgraduate
qualification reported lower scores for depression and fatigue and
higher scores for vigor compared to those with a TAFE/trade
qualification. These mean differences also translated into the
postgraduate group being over-represented for the iceberg profile
and under-represented for the inverse Everest profile, with the
reverse being true for the TAFE/trade group. A clear link between
education, income, and financial stress has been identified in the
literature. In Australia, individuals with a doctoral degree are up
to six times more likely to be in the top 10% of income earners,
even after controlling for age, occupation, labor force status, and
gender. Further, those with higher levels of education are more
likely to be employed, and less likely to experience financial stress
(Department of Education, Skills and Employment, 2020)’.

Variations in mood scores were also evident over time.
Participants scored lower for depression and fatigue in March
compared with April and June. Lower vigor and higher fatigue
scores were also reported in April compared with May. A study
from India conducted during the early stages of the COVID-
19 pandemic provided insights into the mood of the population
derived from the emotional content of more than 86,000
Twitter posts (Venigalla et al., 2020). The emotional content of
tweets varied according to specific trigger events, such as the
introduction and extension of lockdown restrictions. The mood
fluctuations over time evident in our study appear to similarly
reflect an emotional rollercoaster among participants, triggered
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by events such as the varying geographical spread and control
of the virus, the dramatic economic fallouts, and the differential
tightening and easing of restrictions.

Some limitations of our study are acknowledged. Online
surveys require access to a computer with internet access and, in
our case, fluency in English, which tends to reduce participation
by those from lower socio-economic and marginalized
groups, and non-English speakers. Further, the demographic
characteristics of our sample showed an over-representation of
females, Caucasians, and university-educated participants, which
may limit the generalizability of the findings. It should also be
noted that the BRUMS, as a brief measure of current mood, is
not a diagnostic tool and hence, although our results may signal
an increased risk of clinical psychopathology among participants,
they could equally be seen in terms of challenging but essentially
normal psychological adjustments to, in most people’s experience,
unprecedented societal restrictions.

In summary, evidence regarding the economic impact of
COVID-19, suggests that females, younger people, and lesser
educated, lower paid individuals are at “the epicenter of the crisis”
(Gustafsson and McCurdy, 2020, p. 9). Our findings indicate that
these same groups are also experiencing the greatest emotional
burden, in terms of mood disturbance.

CONCLUSION

Clear evidence of elevated tension, depression, anger, fatigue,
and confusion, and reduced vigor were identified, representing
significant mood disturbance, and increasing the prospect of
a forthcoming mental health crisis. An important implication
of our findings is that urgent measures should be considered
to ameliorate the negative impact of the COVID-19 pandemic
on mental health.
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Purpose: The COVID-19 pandemic impacted the sporting and exercise activities of
millions of youth. Running is an activity that could be maintained while social distancing
restrictions were implemented during the pandemic. If running-related injuries do occur,
these restrictions may also influence the access to care or care seeking behavior of this
population. Therefore, the purpose of this study was to determine if the social distancing
restrictions during the 2020 COVID-19 pandemic influenced training habits, injury, and
care seeking behavior in youth long-distance runners.

Methods: A customized, open online questionnaire was provided to runners 9-19
years of age who participated in long-distance running activities including team/club
cross-country, track and field (distances >800 m), road races, or recreational running.
Participants responded to questions about demographics, running habits, RRIs, and
health care provider visits 6-months before as well as during social distancing restrictions
due to COVID-19. Wilcoxon signed rank tests compared differences for ratio data and
Chi-square tests were used to compare proportions before and during COVID-19 social
distancing restrictions. Statistical significance was set at p < 0.05.

Results: A total of 287 youth long-distance runners (male = 124, female = 162,
unspecified = 1; age = 15.3 £ 1.7 years; running experience = 5.0 £+ 2.3 years)
participated. Compared to their pre-COVID-19 responses, youth long-distance runners
reported lower distances run per week (p < 0.001), fewer runs per week (o < 0.001),
fewer hard runs per week (p < 0.001), fewer number of injuries (p < 0.001), and fewer
injuries per 1,000km (p = 0.002) during the COVID-19 social distancing restrictions.
A lower proportion of participants reported in-person health care provider visits (o
< 0.001) and a lower proportion of visits were made to an athletic trainer during
COVID-19 social distancing restrictions compared to prior to COVID-19 (p < 0.001).
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Conclusion: The COVID-19 pandemic resulted in significant decreases in both training
and injuries which were different compared to previous reports in an adult population.
Many of the runners who sustained an injury during COVID-19 social distancing
restrictions did not seek care, with the most prominent reduction in visits to an athletic
trainer. This could impact future injury and chronic pain.

Keywords: adolescent, track and field, cross-country, overuse, health care provider, athletic trainer

INTRODUCTION

On March 11th, 2020, the World Health Organization (WHO)
declared Coronavirus Disease 2019 (COVID-19) a pandemic
(World Health Organization, 2020). In response to the pandemic,
and in an effort to minimize the rate of new infections, policies
of social distancing and shelter in place became commonplace
in many national, regional, and local locations. Schools at
all levels canceled in-person classes, as well as extracurricular
social and athletic activities. Non-essential businesses that offered
a high risk of transmission like gyms and exercise facilities
also closed. Millions of youth who are typically physically
active through interscholastic or club sports were suddenly
required to stay at home. Running is a mode of exercise that
may be performed outside of facilities and with appropriate
social distancing. Thus, while youth runners could have
potentially maintained their pre-COVID-19 running habits, it is
unknown if they maintained their running activities during the
COVID-19 restrictions.

Partly due to its ease and accessibility, running is one
of the most popular forms of physical activity in youth
(Fakhouri et al, 2014). Track and field and cross-country
constitute the first and sixth most popular high school sports
(respectively) in the United States, totaling over 1.5 million
combined participants (National Federation of State High School
Associations, 2019).They also have the greatest number of
participants in middle school athletics (Beachy and Rauh, 2014).
While running provides benefits to both physical and mental
health (Baghurst et al., 2015), high participation rates in running
are concomitant with high rates of running-related injury (RRI).
More than one out of every three high-school runners sustains
a RRI during the course of a cross-country season (Rauh et al.,
2006) and 59-68% of runners report a history of RRI (Tenforde
et al,, 2011). Given the cancelation of practices and competition
seasons during the COVID-19 pandemic, it seems likely that
injury risk would be impacted by reduced training volume. While
the risk of RRI in adults appears to have been heightened during
the COVID-19 social distancing restrictions (DeJong et al., 2020),
to our knowledge, there are no reports on its impact in youth
long-distance runners.

The most common type of injury in youth long-distance
runners are overuse injuries (Tenforde et al, 2011). These
injuries are often linked to excessive training volumes, higher
training intensities, and other training-related errors (Tenforde
et al, 2011). If not appropriately managed, many of these
injuries have the potential to increase in chronicity. Therefore,
access to healthcare providers and care seeking behavior

are important considerations in youth long-distance runners.
The closure of schools limited students’ access to school-
based athletic trainers, and due to the COVID-19 pandemic,
many health care provider offices closed or transitioned to a
telemedicine-based model (e.g., phone or video calls). While
telehealth in sports medicine is feasible and patients have
reported a positive experience during COVID-19 (Tenforde
et al., 2020), it is unknown if youth long-distance runners have
utilized telehealth to seek care for RRIs sustained during social
distancing restrictions.

The purpose of this study was to determine if the
social distancing restrictions during the 2020 COVID-19
pandemic influenced training habits, injury, and care seeking
behavior in youth long-distance runners. We hypothesized
that (1) self-reported weekly running distance, frequency, and
intensity would decrease during restrictions, (2) social distancing
restrictions would result in fewer injuries, and (3) injured long-
distance runners would report more telehealth appointments
and fewer in-person appointments with health care providers;
athletic trainers would see the greatest reduction in health
care encounters.

MATERIALS AND METHODS

Participants

Youth long-distance runners were recruited via emails sent to
middle- and high-school athletic directors or coaches across the
United States and previous participants in youth long-distance
running studies from two institutions. Recruitment materials
were initially sent May 2020 through June 2020 with a secondary
invitation sent between 10 and 14 days after the initial invitation.
The survey link was also shared on various social media platforms
and others were encouraged to share the survey. Participants
were eligible for study inclusion if they were 9-19 years of age
and participated in long-distance running activities including
team/club cross-country, track and field (distances >800 m), road
races, or recreational running. Participants were excluded if their
primary sport was not cross-country or track and field and they
did not participate in long-distance running activities and/or if
they resided outside of the United States. Study procedures were
approved by the Institutional Review Boards at the University of
Toledo and Cincinnati Children’s Hospital Medical Center. Prior
to study enrollment, consent was obtained for participants 18 or
19 years of age while parental permission and child assent were
obtained for those 9-17 years-old. The participants received no
incentives for participating.
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Questionnaire

A customized, open online questionnaire was provided to
the participants through a password-protected Qualtrics (SAP
SE, Germany) or Research Electronic Data Capture (REDCap,
Vanderbilt University, TN) instrument. The Checklist for
Reporting Results of Internet E-Surveys (CHERRIES) was used
to ensure study quality (Eysenbach, 2004). Questions were
exactly the same for both instruments and institutions. The
questionnaire required ~10min to complete and consisted
of 83 items, split up among a minimum of 13 screens,
related to demographics (age, sex, state, years of running
experience, recreational/competitive runner), running habits,
RRIs, and health care provider visits 6-months before as well as
during social distancing restrictions due to COVID-19 (Dejong
et al, 2020). Questions were presented in a consistent order
with adaptive questioning dependent on participant responses.
Participants were given as much time as necessary to complete
the survey. Participants had the opportunity to review and change
their responses prior to submitting them. Once the submission
was made, no changes to their responses were allowed.

Running habits questions included self-reported average
weekly running distance (miles), average number of runs per
week, and average number of higher intensity runs per week
(defined as heavy breathing, and difficulty talking while running)
(Persinger et al., 2004). RRIs were assessed by asking participants
if they had incurred or were presently experiencing a RRI
(yes/no) during this time period, and if so, report the number
of RRIs sustained. Injured runners were asked to complete a
matrix with the body location (toe, foot, ankle, lower leg, knee,
thigh, hip/pelvis, groin, abdomen, back, other) and injury type.
Injury types included muscle injury (i.e., “pulled” muscle, muscle
strain), tendon injury (i.e., tendonitis, tendon tear), bone injury
(i.e., stress fracture, fracture), and ligament injury (i.e., sprain).

Participants who indicated that they had sustained an injury
were presented with follow-up questions regarding their health
care provider visit(s). Injured runners were asked about the
type of health care visit they sought (in-person, telehealth, or
no visit). Telehealth visits included remote video or audio calls.
Respondents were also asked about the provider specialty that
the participant visited for the injury (pediatrician, podiatrist,
chiropractor, physical therapist, athletic trainer, sports medicine
primary care physician, orthopedic surgeon, none, other).

Incomplete responses were excluded and completed surveys
were used for analysis. The IP address was recorded for each
response. If duplicate IP addresses were identified, the responses
were checked for originality and responses from the same IP
address were only used if the responses were clearly different.
Weekly running distance was reported in miles and then
converted to kilometers (km). The number of injuries for each
person were normalized to 1,000 km to reduce the impact that
running volume could have on the injury rate.

Statistical Analyses

Data analysis was conducted using SPSS statistical software
(version 26, IBM Inc., Armonk, NY). Data were found to
be non-normally distributed (Kolmogorov-Smirnov, p < 0.05).
Wilcoxon signed rank tests compared differences before and

during COVID-19 social distancing restrictions for distance
run per week, number of runs per week, number of hard
runs per week, number of injuries and number of injuries per
1,000 km. For participants that reported >1 RRI before and/or
during COVID-19 social distancing restrictions, chi-square tests
compared differences in proportions of health care providers
and visit types before and during COVID-19 social distancing
restrictions. Statistical significance was set at p < 0.05.

RESULTS

Of the 576 survey attempts, 287 (male = 124, female = 162,
unspecified = 1; age = 15.3 £ 1.7 years; running experience
= 5.0 & 2.3 years) met inclusion criteria and were fully
completed (completion rate = 49.8%; Figure 1). The majority
of the excluded responses were due to being outside the age
range of the current study. In total, 235 (81.9%) and 52 (18.1%)
participants reported they were competitive and recreational
runners, respectively. Participants resided in 20 different states
with a majority coming from the Midwest United States
(Table 1). Compared to their pre-COVID-19 responses, youth
long-distance runners reported lower distances run per week (p

Survey Started
(n=576)
Excluded:
Incomplete (n=258)
— Age (n=18)

Non-long distance runner (n=11)

No parental consent/assent (n=2)

Included Participants
(n=287)

FIGURE 1 | Flow chart of study participants.

TABLE 1 | Number and percentage of completed responses by state.

State N Percent of responses
OH 82 28.6%

IL 43 15.0%

Wi 4 14.3%

ID 18 6.3%

WA 17 5.9%

KY 17 5.9%

NC 16 5.6%

Other* 53 <5% each

*AR, AZ, CA, CT, KS, MN, NE, NV, NY, SC, TN, UT, WV.
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TABLE 2 | Running habits and injury incidence before and during COVID-19 social distancing restrictions.

Variable Median [25th, 75th percentile] Mean [Standard deviation] P*
Pre-COVID-19 During-COVID-19 Pre-COVID-19 During-COVID-19
Weekly distance run [km] 37.0 [24.1, 56.3] 31.4[12.0, 48.3] 38.6 [22.0] 33.2 [24.2] <0.001
Runs per week [n] 5.0 5.0, 6.0] 5.0[3.0, 6.0] 5.0[1.4] 4.3[2.0] <0.001
Hard runs per week [n] 3.0[2.0, 3.0] 2.0[1.0, 3.0] 2.6[1.2] 1.9[1.5] <0.001
Injuries [n] 0.0[0.0, 0.0] 0.0[0.0, 0.0] 0.3[0.6] 0.2[0.4] <0.001
Injuries [n/1,000 km] 0.0[0.0, 0.0] 0.0[0.0, 0.0] 11.4 [36.5] 6.5 [26.2] 0.002
*Wilcoxon signed rank statistical significance.
TABLE 3 | Number of self-reported injuries before and during COVID-19 social distancing restrictions by location and injury type.
Muscle Tendon Bone Ligament Total
injury injury injury injury injuries
Before During Before During Before During Before During Before During
Toe 3 0 1 1 2 0 3 2 9[7.5%] 3 [3.7%]
Foot 2 1 4 5 3 2 3 1 12 [10.0%] 9[11.0%]
Ankle 4 2 4 4 1 2 4 4 13 [10.8%] 12 [14.6%]
Lower leg 7 5 5 4 11 5 0 0 23 [19.2%)] 14 [17.1%]
Knee 6 5 10 8 1 0 5 2 22 [18.3%)] 15[18.3%]
Thigh 10 6 1 0 0 0 0 0 11 [9.2%)] 6 [7.3%]
Hip/pelvis 9 7 5 4 4 1 1 3 19 [15.8%] 15 [18.3%]
Groin 4 2 0 0 0 0 0 0 4 [3.3%]) 2 [2.4%]
Abdomen 1 1 0 0 1 0 0 0 2[1.7%] 1[1.2%]
Back 4 4 0 1 0 0 0 0 4 [3.3%] 51[6.1%]
Other 0 0 0 0 1 0 0 0 1[0.8%] 0[0.0%]
Total n 50 33 30 27 24 10 16 12 120 [100.0%] 82 [100.0%]
% 41.7 40.2 25.0 32.9 20.0 12.2 13.3 14.6

< 0.001), fewer runs per week (p < 0.001), and fewer hard runs
per week (p < 0.001) during the COVID-19 social distancing
restrictions (Table 2).

Youth long-distance runners also reported fewer number
of injuries (p < 0.001) and fewer injuries per 1,000km (p
= 0.002) than pre-COVID-19 social distancing restrictions
(Table 2). Prior to COVID-19 social distancing restrictions,
61 (21.3%) participants reported 120 RRIs while 41 (14.3%)
participants reported 82 RRIs during COVID-19. Pre-COVID-
19, the most common injury locations were the lower leg
(19.2%), knee (18.3%), and hip/pelvis (15.8%); whereas during
COVID-19 social distancing restrictions, the most common
injury locations were the knee (18.3%), hip/pelvis (18.3%), and
lower leg (17.1%) (Table 3).

COVID-19 social distancing restrictions impacted the
proportion of youth long-distance runners seeking care for
their injuries compared to pre-COVID-19 behaviors. A lower
proportion of participants reported in-person health care
provider visits (p < 0.001) and a higher proportion of not
visiting a health care provider (p < 0.001), while the proportion
of telehealth visits did not change (p = 0.81, Table 4). Although
the proportion of visits to most healthcare providers did not
change (Table 5), a significantly lower proportion (22% of visits;

p < 0.001) of visits were made to an athletic trainer during
COVID-19 social distancing restrictions compared to prior to
COVID-19 (56% of visits).

DISCUSSION

The purpose of this study was to determine if the social
distancing restrictions during the 2020 COVID-19 pandemic
influenced training habits, injury, and care seeking behavior
in youth long-distance runners. We found that COVID-19
social distancing restrictions significantly impacted youth long-
distance runners’ training habits, injuries, and care seeking
behaviors. These changes, which supported our hypotheses,
could have implications for the health and well-being of
this population in the short and long-term, which requires
further investigation.

Youth long-distance runners decreased their weekly running
distance, number of weekly runs, and number of weekly hard
runs during COVID-19 social distancing restrictions. Due to
the COVID-19 pandemic, the track and field seasons in the
spring of 2020 were canceled. This running population is likely
strongly influenced by intrinsic psychological and social factors
such as the desire to compete and run with their teammates
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TABLE 4 | Proportion of health care provider visit types before and during
COVID-19 social distancing restrictions in injured runners.

Variable Pre-COVID-19 During-COVID-19 P*
n =63 n=42

In-person visit, n [%] 51 [80.9] 17 [40.5] <0.001

Telehealth visit, n [%] 2[3.2] 1[2.4] 0.81

No visit, n [%] 10 [15.9] 24 [57.1] <0.001

*Chi-square statistical significance. Bold=p < 0.05.

TABLE 5 | Proportion of health care provider visits before and during COVID-19
social distancing restrictions in injured runners.

Variable Pre-COVID-19 During-COVID-19 P*
Athletic trainer, n [%)] 40 [59.7] 9 [22.0] <0.001
Chiropractor, n [%)] 10 [14.9] 6[14.6] 0.97
Orthopedic surgeon, n [%] 9[13.4] 419.8] 0.57
Pediatrician, n [%)] 5[7.5] 49.8] 0.68
Physical therapist, n [%] 21[31.3] 14 [34.1] 0.76
Sports medicine physician, n [%] 28 [41.8] 17 [41.5] 0.97
Podiatrist, n [%] 31[4.5] 21[4.9] 0.92

*Chi-square statistical significance. Bold=p < 0.05.

(Yan and McCullagh, 2004), as well as extrinsic factors such
as motivation provided by their coaches and parents (Goose
and Winter, 2012). The absence of these motivating factors may
have contributed to the reduced training volume and intensity.
The responses by youth long-distance runners in our study are
different than the responses of adult runners during the COVID-
19 pandemic, which observed an increase in running volume
(DeJong et al., 2020). This increase in running among adults was
largely thought to be influenced by a desire to maintain health
instead of competition (DeJong et al., 2020). Youth long-distance
runners may have a strong desire to return to pre-COVID-
19 volume and intensity levels with the goal of returning to
competition in the fall of 2020; however, sudden changes in these
variables could have led to overuse injury (Nielsen et al., 2012,
2013, 2014). Coaches and health care providers who interact
with this population should be aware that motivators in this
population may make youth long-distance runners vulnerable to
overuse injury as they return to a competitive season.

The number of reported injuries significantly decreased in
youth long-distance runners during the COVID-19 pandemic.
However, even when normalized to running distance, self-
reported injuries were significantly decreased. This injury
reduction may have been influenced by the decrease in training
volume and intensity since injury has been linked to these
variables in youth long-distance runners (Tenforde et al,
2011). Contrary to our results, adult runners experienced an
increase in running injury risk during COVID-19 (DeJong
et al,, 2020). While novice adult runners have demonstrated
excellent specificity and sensitivity for self-reporting injury
location compared to physician-reports (Smits et al., 2019), it
has not been reported whether youth runners are also able to

accurately self-report RRIs. Youth are less likely to report an
injury that is chronic pain/overuse-related. Thus, they may have
been more likely to report injuries that were more traumatic
or acute in nature (Rathleff et al., 2013), thereby decreasing the
overall number of injuries reported. Due to the cross-sectional
design of this study, we were unable to further elucidate if this
decrease in injury was actual or spurious due to other factors.

Health care provider visits and care seeking behavior changed
during the COVID-19 pandemic, with a decrease in visits to
health care providers. Prior to the COVID-19 social distancing
restrictions, youth long-distance runners reported that most
(83.6%) of their visits were in-person and only a small amount
of injuries were not brought to the attention of a health care
provider (16.4%). Youth runners significantly reduced their
visits to health care providers during the COVID-19 restrictions
(41.5%) and were 3.6 times more likely to not visit a health
care provider (58.5%) for their injury. Young runners may rely
on their parents for transportation or assistance with provider
interactions, creating an additional burden to care seeking
behaviors. Telehealth appointments are a feasible alternative
to in-person appointments (Tenforde et al., 2020) and could
reduce these barriers to youth. However, very few of the youth
runners in this study participated in telehealth appointments
before (3.3%) or during (2.4%) the COVID-19 pandemic. Many
of these injuries, if not treated, are thought to lead to long-
term, chronic conditions (Thomas et al., 2010) and this could
be further exacerbated by the COVID-19 pandemic (Clauw
et al., 2020). These data also suggest the need to develop plans
to maintain access to medical services in the event of similar
future sport activity (running) stoppages and/or restrictions.
An interdisciplinary team, including policy makers, school
administrators, and/or national associations, should consider
developing these plans in advance to ensure access to care.
Further, coaches and health care professionals may want to devise
safe return-to-running protocols that may minimize the risk of
running-related injuries.

The reduction in visits were primarily evident in reported
visits to athletic trainers. Injured youth long-distance runners
utilized an athletic trainer significantly less for their health care
needs during the COVID-19 pandemic. Youth runners sought
care from athletic trainers 2.7 times less during this period,
though care seeking behavior from other providers did not
change. Approximately 76% of high schools employ an athletic
trainer (Huggins et al., 2019); however, as sports seasons were
canceled early, access to these providers were potentially limited
to these injured runners. Increased utilization of telemedicine
by athletic trainers and other health care providers could
improve access to care for this population during restrictions
or in rural/remote environments (McLeod et al., 2013). Further
research is needed to determine the specific reasons that youth
long-distance runners seek care, the mediums by which they seek
care, and which provider(s) they choose to seek care from.

The primary limitation of the current study is the cross-
sectional design of an online survey where recall bias could
influence the reporting of training habits and injuries. We
attempted to minimize the impact of this bias by limiting the
recall period to 6 months prior to COVID-19. Social distancing
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restrictions also differed in extent and timeline based on state
government decisions, leading to likely variability in the stay-
at-home orders affecting each participant. This study is also
limited in that we only assessed the runners’ responses at one
time point. Future research should prospectively investigate
training habits and injuries in a larger group of youth runners
in the season following the COVID-19 restrictions to provide
evidence of a long-lasting impact in this running population.
Finally, even though we attempted to get a broad sense of the
COVID-19 impact on the runners, the responses were weighted
more heavily among a few US states which could also have
introduced a geographic bias. Future research should attempt
to capture a more balanced sampling of responses of youth
runners in different regions of the US to better examine any
geographic influence. In regard to COVID-19, future research
should follow individuals over time to determine the influence
of social distancing, reduced running, and reduced care-seeking
behavior has on long-term running health and habits.

Within the context of these limitations, this study provides
novel information about the effects that a large-scale cancellation
of a sports season and social distancing restrictions may have
on youth long-distance runners. Following social distancing
requirements from the COVID-19 pandemic, youth long-
distance runners reported significant decreases in both training
and injuries, which were different compared to previous reports
in an adult population (DeJong et al., 2020). Many of the runners

REFERENCES

Baghurst, T., Tapps, T., and Adib, N. (2015). Effects of a youth running program
on self-concept and running. J. Sport Pedagogy Res. 1, 4-10.

Beachy, G., and Rauh, M. (2014). Middle school injuries: a 20-year
(1988-2008) multisport evaluation. J. Athletic Train. 49, 493-506.
doi: 10.4085/1062-6050-49.2.19

Clauw, D. J., Hauser, W., Cohen, S. P., and Fitzcharles, M. A. (2020).
Considering the potential for an increase in chronic pain after the
COVID-19 pandemic. Pain 161, 1694-1697. doi: 10.1097/j.pain.0000000000
001950

DeJong, A. F., Fish, P. N., and Hertel, J. (2020). Running Behaviors,
Motivations, and Injury Risk During the COVID-19 Pandemic: A Survey
of 1147 International Runners. OSF Preprints. doi: 10.31219/osf.io/
g9k8w

Eysenbach, G. (2004). Improving the quality of Web surveys: the Checklist for
Reporting Results of Internet E-Surveys (CHERRIES). J. Med. Internet Res.
6:e34. doi: 10.2196/jmir.6.3.e34

Fakhouri, T., Hughes, J., Burt, V., Song, M., Fulton, J., and Ogden, C. (2014).
Physical activity in U.S. youth aged 12-15 years, 2012. NCHS Data Brief
141, 1-8. Available online at: https://www.cdc.gov/nchs/products/databriefs/
dbl141.htm

Goose, M., and Winter, S. (2012). The coach’s impact on the long distance runners’
training and competition motivation. Int. J. Sports Sci. Coach. 7, 383-398.
doi: 10.1260/1747-9541.7.2.383

Huggins, R. A., Coleman, K. A., Attanasio, S. M., Cooper, G. L., Endres, B. D.,
Harper, R. C,, et al. (2019). Athletic trainer services in the secondary school
setting: the athletic training locations and services project. J. Athletic Train. 54,
1129-1139. doi: 10.4085/1062-6050-12-19

McLeod, T. C., Bliven, K. C., Lam, K. C,, Bay, R. C., Valier, A. R., and Parsons, J.
T. (2013). The national sports safety in secondary schools benchmark (N4SB)
study: defining athletic training practice characteristics. J. Athletic Train. 48,
483-492. doi: 10.4085/1062-6050-48.4.04

who sustained an injury during COVID-19 social distancing
restrictions did not report seeking care, with the most prominent
reduction in visits to an athletic trainer. This could impact future
injury risk and chronic pain if appropriate care is not provided
for this young population.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by University of Toledo Institutional Review Board
and Cincinnati Children’s Hospital Medical Center Institutional
Review Board. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

DB-], MG, JT-H, JL, MR, MP, and KF designed the study,
contributed to data collection and analysis, and critically
reviewed the manuscript before submission. All authors
contributed to the article and approved the submitted version.

National Federation of State High School Associations (2019). 2018-19 High School
Athletics Participation Survey. Available online at: https://www.nfhs.org/media/
1020412/2018-19_participation_survey.pdf (accessed July 2, 2020).

Nielsen, R. O., Buist, I, Sorensen, H., Lind, M., and Rasmussen, S. (2012). Training
errors and running related injuries: a systematic review. Int. J. Sports Phys. Ther.
7, 58-75.

Nielsen, R. O., Nohr, E. A., Rasmussen, S., and Sorensen, H. (2013). Classifying
running-related injuries based upon etiology, with emphasis on volume and
pace. Int. J. Sports Phys. Ther. 8,172-179.

Nielsen, R. O., Parner, E. T., Nohr, E. A,, Sorensen, H., Lind, M., and Rasmussen, S.
(2014). Excessive progression in weekly running distance and risk of running-
related injuries: an association which varies according to type of injury. J.
Orthopaedic Sports Phys. Ther. 44, 739-747. doi: 10.2519/jospt.2014.5164

Persinger, R., Foster, C., Gibson, M., Fater, D. C., and Porcari, J. P. (2004).
Consistency of the talk test for exercise prescription. Med. Sci. Sports Exerc.
36, 1632-1636. doi: 10.1249/01.MSS.0000074670.03001.98

Rathleff, M. S., Skuldbel, S. K., Rasch, M. N. B, Roos, E. M., Rasmussen, S., and
Olesen, J. L. (2013). Care-seeking behaviour of adolescents with knee pain:
a population-based study among 504 adolescents. BMC Musculoskel. Disord.
14:225. doi: 10.1186/1471-2474-14-225

Rauh, M. J., Koepsell, T. D., Rivara, F. P., Margherita, A. J., and Rice, S. G. (2006).
Epidemiology of musculoskeletal injuries among high school cross-country
runners. Am. J. Epidemiol. 163, 151-159. doi: 10.1093/aje/kw;j022

Smits, D. W., Backx, F., Van Der Worp, H., Van Middelkoop, M., Hartgens, F.,
Verhagen, E., et al. (2019). Validity of injury self-reports by novice runners:
comparison with reports by sports medicine physicians. Res. Sports Med. 27,
72-87. doi: 10.1080/15438627.2018.1492399

Tenforde, A. S., Taccarino, M. A., Borgstrom, H., Hefner, J. E,, Silver, J., Ahmed,
M, et al. (2020). Feasibility and high quality measured in the rapid expansion
of telemedicine during COVID-19 for sports and musculoskeletal medicine
practice. PM R. 12, 926-932. doi: 10.1002/pmrj.12422

Tenforde, A. S., Sayres, L. C., McCurdy, M. L., Collado, H., Sainani, K.
L., and Fredericson, M. (2011). Overuse injuries in high school runners:

Frontiers in Sports and Active Living | www.frontiersin.org

November 2020 | Volume 2 | Article 586141


https://doi.org/10.4085/1062-6050-49.2.19
https://doi.org/10.1097/j.pain.0000000000001950
https://doi.org/10.31219/osf.io/g9k8w
https://doi.org/10.2196/jmir.6.3.e34
https://www.cdc.gov/nchs/products/databriefs/db141.htm
https://www.cdc.gov/nchs/products/databriefs/db141.htm
https://doi.org/10.1260/1747-9541.7.2.383
https://doi.org/10.4085/1062-6050-12-19
https://doi.org/10.4085/1062-6050-48.4.04
https://www.nfhs.org/media/1020412/2018-19_participation_survey.pdf
https://www.nfhs.org/media/1020412/2018-19_participation_survey.pdf
https://doi.org/10.2519/jospt.2014.5164
https://doi.org/10.1249/01.MSS.0000074670.03001.98
https://doi.org/10.1186/1471-2474-14-225
https://doi.org/10.1093/aje/kwj022
https://doi.org/10.1080/15438627.2018.1492399
https://doi.org/10.1002/pmrj.12422
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

Bazett-Jones et al.

COVID-19 and Youth Long-Distance Runners

lifetime prevalence and prevention strategies. PM R 3, 125-131; quiz 31.
doi: 10.1016/j.pmr;j.2010.09.009

Thomas, M. J., Wood, L., Selfe, J., and Peat, G. (2010). Anterior knee
pain in younger adults as a precursor to subsequent patellofemoral
osteoarthritis: a systematic review. BMC Musculoskel. Disord. 11:201.
doi: 10.1186/1471-2474-11-201

World Health Organization (2020). Timeline of WHO?’ Response to COVID-
19. Available online at: https://www.who.int/news-room/detail/29-06-2020-
covidtimeline (accessed July 2, 2020).

Yan, J. H., and McCullagh, P. (2004). Cultural influence on youth’s motivation of
participation in physical activity. J. Sport Behav. 27, 378-390.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Bazett-Jones, Garcia, Taylor-Haas, Long, Rauh, Paterno and Ford.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Sports and Active Living | www.frontiersin.org

124

November 2020 | Volume 2 | Article 586141


https://doi.org/10.1016/j.pmrj.2010.09.009
https://doi.org/10.1186/1471-2474-11-201
https://www.who.int/news-room/detail/29-06-2020-covidtimeline
https://www.who.int/news-room/detail/29-06-2020-covidtimeline
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

1' frontiers
in Psychology

ORIGINAL RESEARCH
published: 11 November 2020
doi: 10.3389/fpsyg.2020.577886

OPEN ACCESS

Edited by:

Ricardo De La Vlega Marcos,
Autonomous University of
Madrrid, Spain

Reviewed by:

Maite Garaigordobi,
University of the Basque
Country, Spain

Nahia Idoiaga,
University of the Basque
Country, Spain

*Correspondence:
Lorea Cortabarria
lorea.cortabarria@ehu.eus

Specialty section:

This article was submitted to
Health Psychology,

a section of the journal
Frontiers in Psychology

Received: 30 June 2020
Accepted: 14 September 2020
Published: 11 November 2020

Citation:

Aperribai L, Cortabarria L, Aguirre T,
Verche E and Borges A (2020)
Teacher’s Physical Activity and Mental
Health During Lockdown Due to the
COVID-2019 Pandemic.

Front. Psychol. 11:577886.

doi: 10.3389/fpsyq.2020.577886

Check for
updates

Teacher’s Physical Activity and
Mental Health During Lockdown Due
to the COVID-2019 Pandemic

Leire Aperribai’, Lorea Cortabarria®*, Triana Aguirre®, Emilio Verche* and Africa Borges?

" Department of Clinical and Health Psychology and Research Methodology, University of the Basque Country UPV/EHU,
Donostia-San Sebastian, Spain, ? Department of Educational Sciences, University of the Basque Country UPV/EHU,
Vitoria-Gasteiz, Spain, ° Department of Clinical Psychology, Psychobiology and Methodology, University of La Laguna ULL,
San Cristébal de La Laguna, Spain, * Department of Psychology, School of Biomedical and Health Sciences, Universidad
Europea de Madrid, Madrid, Spain

The COVID-19 pandemic has led teachers to an unpredictable scenario where the
lockdown situation has accelerated the shift from traditional to online educational
methods, and relationships have been altered by the avoidance of direct contact with
the others, with implications for their mental health. Physical activity seemed to be a
factor that could prevent mental disorders such as anxiety or depression in this peculiar
situation. Therefore, the aims of this study were to explore how teachers have been
affected by the lockdown with respect to their mental health and their relationships in
three main fields: work, family, and social relationships, and to know which is the role
of physical activity in the mentioned variables. For that purpose, an online survey was
designed to collect quantitative and qualitative data. Results showed that indoor physical
activity acts as preventive in lockdown situations, whereas the level of activity does not
affect mental health. Also, teachers have experienced higher levels of distress due to
the workload generated during the lockdown. In conclusion, to prevent health problems
among teachers in future similar situations, it would be important to facilitate the practice
of physical activity at home. Furthermore, teacher training in blended or online educational
methods would be crucial for their favorable work development.

Keywords: COVID-19, mental health, physical activity, teacher, lockdown

INTRODUCTION

The global expansion of the COVID-19 pandemic disease has carried out many consequences that
may affect people’s general health. On the one hand, the virus itself creates personal situations
in which, in addition to the disease’s symptoms, human emotions such as fear (Asmundson and
Taylor, 2020), worry, panic, anxiety, or depression-related distress (Bao et al., 2020) can appear
more commonly among people. Indeed, in recent studies about the psychological impact of this
pandemic disease on the general population, an increase in depression and stress levels between
the first days and the third week of the lockdown has been found (Ozamiz-Etxebarria et al., 2020;
Rodriguez-Rey et al., 2020). Furthermore, anxiety has been related to impaired sleep in many
studies (Rajkumar, 2020). On the other hand, social situations have changed due to the disease
and the subsequent quarantine (Zhang et al., 2020), as well as due to attending to dependent or
infected persons or those under other medical conditions at home or nearby. Also, it was due to
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the preventive measures applied by the government such
as confinement or lockdown (Liu et al, 2020). In previous
pandemics, individual differences seem to play an important role
(Asmundson and Taylor, 2020). In any case, broader and more
specific research of the impact on mental health is still needed
(Mahase, 2020).

Moreover, people worldwide have found themselves coping
with new professional scopes (Zhang et al., 2020). Some of them
have completely stopped their work, and in brief, they will have to
face their future with uncertainty; others have found their work
hours increased and have managed risky situations (e.g., health
and social workers, or product suppliers). This health crisis is also
triggering an economic crisis at a global level and within a few
weeks (UNESCO, 2020a).

Another factor influencing adults’ personal, social, and
professional fields is that related to the lockdown of children
at home because, many times, parents have been involved in
many roles and tasks at a time (Orte et al., 2020). Meanwhile,
educational administrations have not stopped the scholar year,
so that teachers have found themselves coping with online
education at any level (Wang and Zhao, 2020) while attending
to other personal issues. Furthermore, it should be mentioned
that Spanish teachers’ working conditions before this pandemic
situation were already tight due to the teacher/student ratio
from 25 to 36 per teacher (Education Youth Policy Analysis
Unit in the Education Audiovisual Culture Executive Agency,
2020a) and the high amount of lessons (30-32 per week) they
have to give (Education Youth Policy Analysis Unit in the
Education Audiovisual Culture Executive Agency, 2020b). Also,
all teachers should be prepared in all teaching roles for inclusive
education and thus to work with all learners or students in
individualized and close relationships, so that they must play a
great role in a daily-based work and face-to-face with them. The
work becomes even more difficult when this direct contact must
be replaced by an online relationship, and many other factors
should be considered. Teachers, in general, are not trained for
e-learning programs and activities since this is not included in
the curriculum of primary and secondary education (Education
Youth Policy Analysis Unit in the Education Audiovisual Culture
Executive Agency, 2020c). In addition, it should be emphasized
that, in crisis situations, teachers may play an additional and
crucial role. They can provide psychosocial support to learners.
Firstly, teachers can create a safe and supportive interaction
where students may express their emotions and experiences;
secondly, they can include specific structured psychosocial
activities in the teaching/learning process that can strongly
help vulnerable students (Inter-Agency Standing Committee,
2007a). Therefore, teachers workload can be considered
quite high, and consequently, the teaching profession can be
characterized by high levels of stress and physical complaints
(Bogaert et al., 2014).

In the current situation, national governments all around
the world are implementing new precautionary and responsive
measures on a daily basis to contain the spread of the COVID-
19 pandemic and to address this crisis that they have established
a lockdown situation, social distancing advice, and educational
measures such as temporary educational institutions’ closures

[European Agency for Special Needs and Inclusive Education,
(n.d.)]. These global school closures are impacting over 60%
of the worlds student population, and in several countries,
the implemented localized closures could impact millions of
additional learners (UNESCO, 2020b). Moreover, school closures
bring to people of many communities high social and economic
costs, impacting mainly the most vulnerable and marginalized
children and their families and exacerbating the already existing
disparities not only within the education system but also in other
aspects of their lives. Teachers also experience an important
impact. Firstly, their students are concerned because of the
interrupted learning and other collateral effects (disadvantages,
lack of opportunities, poor nutrition, social isolation, or lack
of care), and this makes even more difficult the teaching-
learning process, mainly when parents are not prepared for
distance and home schooling or they are not available to attend
to their children. Secondly, teachers experience confusion and
stress because they are often unsure of their obligations and
how to maintain connections with students to support learning.
Transitions to distance learning platforms tend to be messy and
frustrating, even in the best circumstances. In many contexts,
school closures lead to furloughs or separations for teachers.
Thirdly, moving learning from classrooms to homes at scale
and in a hurry presents enormous challenges, both human and
technical (i.e., creating, maintaining, and improving distance
learning, or measuring and validating learning) (UNESC, 2020c).
In sum, from 1 day to the next, teachers have found themselves
creating and managing virtual classrooms, communicating with
their students and their parents over social media platforms,
and learning by doing as they provide distance education to
over 1.5 billion students affected by school closures all over
the world due to the COVID-19 pandemic (UNESCO, 2020d).
Despite governments’ efforts to provide training and resources to
support teachers in adapting to this new learning environment,
turning from face-to-face to virtual classroom in such a short
time has been a challenge as only a few teachers have strong
digital and ICT skills. Therefore, in such unprecedented and
uncertain times, it is normal for teachers to experience higher
levels of stress and anxiety. Teachers need, indeed, socio-
emotional support to face the extra pressure being put on them to
deliver learning in a time of crisis (UNESCO, 2020d). Moreover,
providing support for teachers’ own psychosocial well-being is
an essential component of supporting students (Inter-Agency
Standing Committee, 2007b).

Nevertheless, the great changes in students, teachers, and
parents’ lives around the world caused by COVID-19 have
brought to society an opportunity to test its capacity to adapt to
sudden stressful situations in which people have been inv