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Abstract.

Introduction with Problem Statement and Approach, Material and Methods, Results, Discussion, Conclusions
Problem Statement. The lockdown against coronavirus 2019 pandemic has led to a decrease in physical activity
(PA), but any study has analyzed PA’ evolution during this transition following the social-ecological theoretical
framework of human development. It suggests that PA engagement depends on the interaction of individual,
interpersonal and environmental determinants. This model is essential to better understand PA engagement and
to prevent future crises. Purpose. This study investigated the evolution of adolescents’ PA with their protective
and inhibitory barriers according to ecological model of PA engagement. Methods. A longitudinal follow-up of
808 French adolescents between before and during lockdown were questioned from PA and socio-demographic
data. Wilcoxson signed rank test and Boruta forest algorithm were used to quantify the evolution of each PA
intensity and to identify protective and inhibitory socio-ecological’s determinants on PA behaviour. Results. Our
results showed a significant decrease in the overall PA (-231 Mets.min.week ™', p<.05). More specifically, low PA
decreased significantly (-480 Mets.min.week”', p<.05), while moderate and vigorous PA has remained
significantly stable during the lockdown (+0 Mets.min.week', p<.05). The three determinants of the socio-
ecological framework are included in the model of evolution of each PA’ intensity. Individual (PA initial profile,
58.8 median importance score) and environmental (garden: 10.42; housing: 7.93 median importance score)
determinants are the two most important. Interpersonal determinants have not a significantly importance to
explain PA’ evolution. Conclusions. This study highlighted the complex and non-linear process of PA
engagement at a critical period where the determinants are being disrupted. Socio-ecological tools are identified
to rethink prevention strategies adapted to future crisis periods. Future interventions to promote PA should not
target one determinant of the system but should consider the interactions of all socio-ecological variables.
Keywords: coronavirus, health, intensity, correlates, Boruta

Introduction.

The global coronavirus 2019 pandemic led many governments to confine the population (from 16
March to 11 May 2020 in France). This lockdown was designed to slow the spread of the virus but raises the
question of possible collateral damage, particularly in terms of physical activity (PA, Castafieda-Babarro et al.,
2020). Thought the inaccessibility of sports’ infrastructures and the limitation of movement in public places
(McDougall et al., 2021), government restrictions have led to an overall decrease in PA (Ammar et al., 2020;
Cheval et al., 2021; Hargreaves et al., 2021 Lopez-Valenciano et al., 2021; Stockwell et al., 2021; Wilke et al.,
2021), particularly for adolescents (Derigny et al., 2022; Rodriguez-Larrad et al., 2021).

Adolescence, as a key period in the adoption of a physically active lifestyle, represents a period of life
which is particularly sensitive to this loss of PA (Varma et al., 2017). Outside lockdown, French adolescents are
largely insufficiently active: a cross sectional study between 2002 and 2010 showed that 82% of boys and 92%
of girls had a daily PA below World Health Organization (WHO) guidelines (Kalman et al., 2015). In 2020, the
WHO established guidelines stating that the amount of PA sufficient for a healthy lifestyle in adolescents (6-17
years) is one hour of moderate to vigorous PA (MVPA) per day. Those recommendations were updated recently
(Bull et al., 2020), as additional evidence showed that even low PA (LPA), although less beneficial to health,
was worth doing to improve it (Boberska et al., 2018; Ekelund et al., 2016; Poitras et al., 2016; Varma et al.,
2014). These recommendations result in the categorisation of adolescents according to their physical lifestyle
habits (active, less active and inactive, Génin et al., 2021).

In the lockdown context against covid-19, many studies have investigated the effect of single variables
to explain PA changes. For example, effects of gender (Martin-Rodriguez et al., 2021), initial profile of PA
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(Genin et al., 2021) or the adaptation of PE teacher according to pedagogical follow-up (Potdevin et al., 2020;
Varea & Gonzalez-Calvo, 2021) were explored. Other studies have highlighted the importance of studying the
effects of these variables in interaction, showing more robust and durable outcomes over time, but the contexts
were different (Martins et al., 2021).

This lockdown has impacted adolescents' physical life patterns, disrupting the interactions between
these variables. The socio-ecological model conceptualised the interaction of these variables and adapted it to the
particularities of PA (Bauman et al., 2012; Bronfenbrenner & Morris, 2006). Often used for explaining
engagement in PA (Martins et al., 2021), school-based intervention using it have better long terms outcomes
(Hynynen et al., 2016). Following this model, the development is understood as a set of interlocking systems in
constant interaction, as the relation between the individual and his/her environment could be considered as a set
of Russian dolls influencing each other: onto, micro, meso, exo and macro systems (Bronfenbrenner & Morris,
2006). These five systems are dynamic and evolve over time through the chronosystem, referring to a linear and
chronological view of events with multiple influences on the other systems. Following this perspective, ‘human
development is part of a process in which the reciprocal interactions between a bio psychologically active and
evolving human organism and the people, objects, and symbols in its immediate environment’ (Bronfenbrenner
& Morris, 2006, p. 797).

The literature has shown beneficial effects of certain socio-ecological determinants, like gender or PA
level (Génin et al., 2021), PE follow-up, sport social support (Gobbi et al., 2021; Martins et al., 2021) or
environmental determinants (Alcantara-Porcuna et al., 2021; Martins et al., 2021). The interaction of these
determinants leads to go beyond the traditional definition of PA (Caspersen et al., 1985) and to consider it as a
phenomenon situated in a particular dynamic context, as ‘people moving, acting and performing within
culturally specific spaces and contexts, and influenced by a unique array of interests, emotions, ideas,
instructions and relationships’ (Piggin, 2020, p.8). Investigating the evolution of PA required taking a complex
and dynamic point of view on the importance of lifestyle for each adolescent. To the best of our knowledges, no
study has investigated those variables to analyse the persistence in PA during the context of lockdown against
covid-19.

Thus, the objective of the present study was to measure the evolution of each PA’ intensity for
adolescents during the transition to a lockdown lifestyle, and to investigate the protective or inhibitor effect of
each socio-ecological determinants. Inspired by Bronfenbrenner's theoretical framework adapted to PA (Bauman
et al., 2012), this study focused on the multifaceted influence of individual (gender and initial levels of PA),
interpersonal (PE follow-up and sport social support) and environmental (socio-economic status of the families,
localization, housing, presence of garden and sports equipment at home) correlates which were representative of
adolescents' lifestyles during lockdown (Génin et al., 2021). According to literature, we hypothesized that the
transition from a normal to a lockdown lifestyle led to a significant decrease in vigorous PA and that there were
socio-ecological determinants which are protective or inhibitory for PA according to different intensities

Materials and method.
Participants

808 French adolescents (agemem: 16.32+1.01 years old) voluntarily agreed to participate in a
longitudinal follow-up of PA measurements between before and during lockdown (March 18 to 30, 2020).
During the first week of lockdown, the SNEP (Syndicat National des Enseignants d’Education Physique), which
is the main Union for PE teacher in France, promoted the study to its adherents, who in return proposed it to their
students. We included participants if they were attending secondary school, between 14 and 20 years old, subject
to necessary agreements to participate (by family and participant). Participants were excluded when survey was
not fully completed (n=79) and if data were incoherent (n=42) (e.g., reported participation being more than 7
days a week or more than 10.000 minutes per week). Outliers were excluded using the statistical method of
Grubb Test (n=43). This study was authorized by the Ethics Committee of the University of Lille in France
under the number 2020-418-S82 and the CNIL (Conseil National de I’Informatique et des Libertés) under the
number 2020-037.
Measurements

We collected PA’s data by IPAQ-SV (International Physical Activity Questionnaire — Short Version),
whose reliability level is considered significant for this population (r,=.74, Sember et al., 2020). This transversal
survey differentiated PA’s intensities over a seven-day retrospective period and classified them to overall PA
corresponding as the low, moderate and vigorous PA (LMVPA), low (LPA) and moderate and vigorous PA
(MVPA). Following the French national policies on classification of PA’s profiles (Genin, 2021), we classified
the adolescents into three initial profiles of PA levels undertaken before lockdown: inactive (<600
Mets.min.week ™), minimally active (600 to 3.000 Mets.min.week) and HEPA active (>3.000 Mets.min.weeks”
1. Socio-ecological data were collected with the same online questionnaire, through individual interpersonal and
environmental correlates. The last two determinants of socio-ecological model adapted to PA (regional and
global) were not measured, as they corresponded to the context of the covid-19 pandemic with the lockdown and
social distancing measures, and the re-organization of the educational system in France (Table 1).
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Table 1. Socio-ecological characteristics of participants

Socio-ecological determinants Category Frequency N (%)
Total 644 (100)
Individual
Girls 418 (65
Gender Boys 226 E35;
HEPA active 236 (36.7)
PA profile Minimally active 338 (52.5)
Inactive 70 (10.8)
Interpersonal
No continuity 138 (21.4)
PE monitoring Continuity not executed 262 (40.7)
Continuity executed 244 (37.9)
Sport social support Yes 455(70.7)
No 189 (29.3)
Environmental
Socio-economic status LSES 337(52.3)
HSES 397 (47.7)
. Urban 319 (49.5
Localization Rural 325 ESO.S;
Housing Home 422 (65.5)
Flat 222 (34.5)
Yes 440 (68.3
Garden No 204 %3 1 .7;
Sports equipment at home \I{\IZS ‘1‘2; g;g

Notes. PE: Physical Education; LSES: Low Socio-Economic Status; HSES: High Socio-Economic Status
Statistical analysis

Statistical analyses were conducted with the free R software (version 4.10). We used the following
packages: car, heplots, Im.beta, Isr, outliers, psych, QuantPsyc, rstatix. All quantitative variables and residuals
were tested for normality, homoscedasticity and interdependence of the residuals (Shapiro-Wilk; Jarque Bera;
Bptest; Durbin Watson test). We performed a series of Wilcoxon signed rank test with continuity correction to
measure the evolution of PA between before and during lockdown in each intensity. Feature socio-ecological
variables included in PA evolution was determined by Boruta algorithm. Boruta is a wrapper approach
developed around the random forest algorithm (Breiman, 2001) used for feature selection. Boruta calculated
feature importance scores based on z-scores of every input predictor concerning the shadow attribute randomly
assigned (Kursa & Rudnicki, 2010). A variable is considered relevant for classification if its feature importance
score is greater than that of the best shadow feature (greater than ‘shadowmax’). Any variable that cannot satisfy
this condition is reported as irrelevant (smaller than ‘shadowmax’) and is discarded (n=5 for model 1- LMVPA;
n=3 for model 2- LPA; n=4 for model 3- MVPA). Items with the highest feature importance scores (imp) are
considered the best predictors of the dependent variable. The Boruta algorithm calculates average feature
importance values based on 100 iterations of the random forest algorithm to increase the robustness of feature
importance results (Kursa & Rudnicki, 2010). Statistical level of confidence was set at p<.05.

Results.

The results of the series of comparisons of medians by Wilcoxon sign rank test (Table 2) showed
significant decreases in LMVPA (231 Mets.min.week™'; p<.001) and LPA (-480 Mets.min.week *, p<.001).
MVPA has remained significantly stable during the lockdown (+0 Mets.min.week ', p<.05). However, this
result was not homogeneous by PA level, as moderate PA (MPA) increased significantly (+84 Mets.min.week ',
p<.001) while vigorous PA (VPA) decreased significantly (-180 Mets.min.week ", p<.001).

Table II. Evolution of self-reported physical activity between before and during lockdown

LMVPA LPA MVPA MPA VPA
Before 2333 960 906 396 400
lockdown [1319; 3742] [360; 2160] [470; 1553] [66; 825] [180; 720]
During 1585 400 1070 720 99
lockdown [720; 2727] [160; 800] [294; 2100] [0; 1600] [0; 462]
A 2317 480 " 0" +84 " -180 "
[-1407; 0] [-1680; 120.00] [-600; 938] [-331; 1052] [-527; 6]

Notes. Data were presented in median [Q1; Q3] in Mets.min.week ™. ™ p<0.05; A: Evolution between before and
during lockdown.

The feature importance scores generated by the Boruta algorithm (Table 3, Figure 1) demonstrated that
all three determinants of the socio-ecological model of PA engagement are confirmed as important predictors of
PA. The three determinants are confirmed for LPA (PA profile, sport social support at home, housing, and
garden) and MVPA (gender, PE monitoring, localization, housing, garden, and sports equipment at home). For
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LMVPA, only individual (PA profile) and environmental (localization and garden) determinants are considered
as important. More particularly, the median feature importance score suggested that the individual determinants
are the most important for LMVPA (PA profile: 58.8) and LPA (54.29), while environmental determinants

(garden: 10.42; housing: 9.86) have a most impact for MVPA’ engagement.

Table III. Variable importance information obtained with Boruta algorithm according to the evolution of PA
behaviour between before and during lockdown

Mean Median Imp Min Max Norm .
. Decision
Imp Imp Imp Hits
Individual
Gender 0.01 0.01 -2.4 2.82 0.01 Rejected
PA profile 58 58.8 47.56 65.9 1 Confirmed
Interpersonal
<«  PE monitoring 1.31 1.49 -2.12 5.22 0.01 Rejected
g Sport social support -0.77 -0.63 -4 2.15 0.01 Rejected
=  Environmental
= Socio-economic status -0.43 44 -3.41 1.83 0 Rejected
Localization 7.26 7.11 0.88 17.14 0.82 Confirmed
Housing 5.26 5.33 0.12 11.8 0.63 Rejected
Garden 5.47 5.17 0.39 10.8 0.67 Confirmed
Sports equipment at home 1.23 1.13 -0.64 3.26 0.01 Rejected
Individual
Gender 3.19 3.32 -2.8 11.82 0.5 Rejected
PA profile 53.73 54.29 42.37 65.02 1 Confirmed
Interpersonal
PE monitoring 2.3 247 -4.23 6.92 0.37 Rejected
é Sport social support 2.89 2.7 -2.13 7.6 0.44 Confirmed
= Environmental
Socio-economic status .85 1.26 -2.42 4.5 0.01 Rejected
Localization 1.76 1.58 -1.7 6.2 0.06 Rejected
Housing 7.91 7.93 2.66 14.63 0.94 Confirmed
Garden 5.7 5.89 1.72 9.51 0.86 Confirmed
Sports equipment at home -0.5 -0.96 -3.7 2.94 0 Rejected
Individual
Gender 3.48 3.65 -7.02 10.08 0.41 Confirmed
PA profile 1.73 1.9 -2.46 6.79 0.06 Rejected
Interpersonal
« PE monitoring 4.13 441 -5.55 10.08 0.53 Confirmed
& Sport social support 1.35 0.95 -0.24 4.53 0.01 Rejected
E Environmental
Socio-economic status 1.90 1.79 -2.48 5.88 0.11 Rejected
Localization 6.17 5.98 1.98 11.74 0.73 Confirmed
Housing 7.91 7.93 2.66 14.63 0.94 Confirmed
Garden 9.68 10.42 2.76 16.11 0.95 Confirmed
Sports equipment at home 8 7.59 2.43 20.62 0.89 Confirmed
LMVPA LPA MVPA
3 2 8 -
— 8 H - |
g E 2 T b
g g s ¥ g = &7 g%
“‘ . el
- == 0. x & T Tr mi Ll 4
= ;%;*jé,, RS ? - & o ;é‘!él-??!%g? " , - ¥
o x e | o
=53 5555 55353555 8 ﬁggéi 5;;? i

Notes. Blue boxplots correspond to minimal (shadowMin), average (shadowMean), and maximum (shadowMax)
z-score of a shadow attribute. Red and green boxplots represent z-scores of respectively rejected and confirmed
determinants. The yellow boxplots are tentative, that means the algorithm was not able to arrive to a conclusion
about their importance.
Figure 1. Boruta results plot for LMVPA, LPA, and MVPA.
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Discussion.

The objective of the present study was to measure the evolution of each intensity of PA for adolescents
during the transition to a lockdown lifestyle and to investigate the protective or inhibitor effect of each socio-
ecological determinants.

Our results showed a reorganization of adolescents’ PA patterns during the lockdown. Each PA’s
intensity observed a different variation and was impacted simultaneously by the determinants of socio ecological
models. In accordance with other countries, our results showed a significant decrease in the overall amount of
PA (Rodriguez-Larrad et al., 2021). More particularly, the decrease of LPA may be explained by the absence of
PA’s practices related to active travel during lockdown and more broadly, by the loss of PA opportunities in this
context (Wilke et al., 2021). On one hand, lockdown period has considerably increased the amount of leisure
time that appears to be one of the barriers to PA among adolescents in ordinary times (Duffey et al., 2021). On
the other hand, this increases in free time at home may have led to an increase in screen-based leisure activities
widely enjoyed by young people and caused an increase in sedentary lifestyles (Arundell et al. 2015; Schmidt et
al., 2020). It appears that the entry into lockdown significantly disrupted all the social and physical interactions
that could impact the quantity and intensity of PA positively or negatively. Conversely, our results showed a
French’ adolescents particularity with an increase of MVPA compared to other country (Faulkner et al., 2021)
and population (Fernandez-Garcia et al., 2021; Stockwell et al., 2021). These results could be explained by a
French culture particularity (Van De Velde, 2015), in line with Piggin’s definition of PA where the cultural
dimension is essential (Piggin, 2020). These results could also be explained by adolescents’attraction to
independent sports, encouraging by the lockdown due to the reduction of interaction and limiting the impact of
the closure of clubs and other collective sports facilities (Croutte et al., 2019).

Results confirmed the importance of the socio-ecological perspectives to investigate PA’s engagement
(Bauman et al., 2012; Martins et al., 2021), especially during a period of lifestyle transition. Adapted to the
particularities of adolescents, the identification of socio-ecological variables such as initial PA profile, location,
or educational follow-up echoes the findings of studies on the effect of the pandemic on other population. They
show respectively the influence of psychological, environmental (Teran-Escobar et al., 2021) and interpersonal
determinants (Carter & Alexander, 2021), but without considering the relative importance of each layer, yet
essential in the use of the ecological model (Tudge et al., 2009). Concerning the LMVPA evolution, the lack of
intrapersonal determinant of the ecological model leads us to encourage further studies targeting the interactions
between individuals in the PA engagement process. For example, the lack of knowledge about PE monitoring
during covid-19 (interpersonal determinant) seems to be a barrier to engagement in LMVPA still insufficiently
studied (Varea et al., 2022), while physical education is an important time for PA promotion (Lonsdale et al.,
2013). These results, with the interaction of ecological model’s determinants ((Bronfenbrenner & Morris, 2006)
encourage to rethink PA health education strategies to prevent further lifestyle critical transition.

The strengths of this study consisted in the use of a longitudinal follow-up of French adolescents using a
questionnaire with an adequate degree of reliability (r,=.74, Sember et al., 2020). However, as lockdown was not
predictable, it was necessary to ask participants to complete the questionnaire retrospectively for the week
preceding the lockdown. The population was selected through a network of contacts including the SNEP and was
not randomized and controlled, which may constitute a sampling bias. Another limitation appeared in the non-
exhaustiveness of the socio-ecological determinants measured, although again it is important to balance the
intrusion into participants’ lives by implementing such large-scale measurement instruments. This study,
although inspired by Bronfenbrenner ecological model (Bronfenbrenner & Morris, 2006), did not explore all the
determinants since we selected those that seemed to be the most representative of the adolescents' lifestyle
during the first lockdown (Génin et al., 2021).

Conclusions.

This study confirmed pre-existing studies on PA decrease during the lockdown against covid-19 and
contribute to new knowledges with the consideration of the interactions of socio-ecological variables to explain
the changes of all PA intensities. The interactions of variables relating to initial PA levels (individual), distance
educational follow-up (interpersonal) and living locations (environment) are protective against PA drop out.
These results strengthen the need to perceive PA as a complex energy expenditure that depends on a set of
interacting variables. The use of non-linear statistical models is recommended for a better understanding of
engagement processes. Indeed, persistent engagement in PA requires the ability to identify facilitating lifestyle
barriers. Our results supported the idea that the socio-ecological framework can highlight the relative
importance (protective, null or inhibitive barriers) of the interaction of each determinant (individual,
interpersonal and environmental) on PA’s intensities of adolescents. Thus, these results suggest perspectives in
the promotion of a physically active lifestyle since the consideration of socio-ecological model is necessary to
capture the complexity of PA’s engagement. Further studies would be needed to measure the evolution of PA
according to the socio-ecological profiles of adolescents to identify resilient patterns.
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