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Abstract

Objective. Although physical activity declined with social distancing measures and stay-

at-home orders during the COVID-19 pandemic, youth who engaged in more physical activity 

experienced fewer mental health problems. If and how physical activity maintained its protective

role throughout the ongoing pandemic remains unclear. This study models associations 

between three types of physical activity (indoor, outdoor, with parents), affect regulation, and 

anxious and depressive symptoms in two adolescent samples (W1: Summer 2020; W2: Winter 

2020/21). Methods and Measures. 662 Canadian adolescents (W1: Mage = 15.69, SD = 1.36; 

52% girls; 5% trans+) and 675 Canadian adolescents (W2: Mage = 15.80, SD = 1.46; 50% girls;

6% trans+) participated in an online survey.  Data included frequency of physical activity 

indoors, outdoors, and with parents, affect regulation and measures of anxious and depressive 

symptoms. Results. Multiple-group path analysis showed indoor physical activity had an 

indirect effect on anxiety and depressive symptoms, but only in W1. Physical activity with 

parents was protective for adolescent anxiety and depressive symptoms at both W1 and W2 

and had an indirect effect through affect regulation. Conclusion. Findings contribute to our 

understanding of how physical activity protects adolescent mental health, and point to 

strengthening family supports and recreation opportunities. 

Keywords: physical activity; mental health; adolescents; COVID-19; affect regulation
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Associations Between Physical Activity, Affect Regulation Difficulties, and Mental Health

Among Canadian Adolescents at Two Different Points of the COVID-19 Pandemic

The COVID-19 pandemic has dramatically disrupted the daily lives of children and youth,

with significant mental health impact. A meta-analysis of 29 studies examining anxious and 

depressive symptoms during the pandemic found that 1 in 4 youth globally are experiencing 

clinically elevated depression, while 1 in 5 youth are experiencing clinically elevated anxiety; 

estimates roughly double that of pre-pandemic (Racine et al., 2021). Physical activity is 

generally accepted as a modifiable, low-cost prevention and intervention strategy to improve 

youth mental health (McMahon et al., 2017; Pascoe et al., 2020). Although physical activity 

declined with the introduction of social distancing measures and stay-at-home orders during the 

COVID-19 pandemic (Elnagger et al., 2020; Mitra et al., 2020; Munasinghe et al., 2020), 

research shows youth who engaged in more physical activity experienced fewer mental health 

problems early in the pandemic (Ellis et al., 2020; Kang et al., 2020; Xiao et al., 2020). If and 

how physical activity has maintained its protective role in the context of the ongoing pandemic 

remains unclear. The present study examined differences in the associations between three 

types of physical activity (i.e., indoors, outdoors, with parents) with anxious and depressive 

symptoms among two adolescent samples (recruited in Summer 2020 or Winter 2020/21) to 

gain a better understanding of the protective effects of physical activity at different points of the 

pandemic. We also investigated how physical activity may impact mental health by modeling 

indirect pathways through affect regulation difficulties. 

Physical Activity and Adolescent Mental Health

Research typically shows small to moderate negative associations between physical 

activity with anxiety and depression among children and youth (for reviews see Carter et al., 

2016; Carter et al., 2021; Dale et al., 2019; Pascoe et al., 2020). For example, in a systematic 

review and meta-analysis of 11 randomized control trials studying the effect of physical activity 

on depressive symptoms for adolescents ages 13 to 17 years, Carter and colleagues (2016) 
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concluded that exercise had a moderate overall effect on reducing depressive symptoms, with a

slightly higher effect in clinical samples. Furthermore, preliminary research from early in the 

pandemic suggests that youth engagement in physical activity has continued to be a protective 

factor during COVID-19. For example, among Canadian youth ages 14-18, physical activity 

dampened the association between COVID-19-related stress and loneliness and had a small, 

negative correlation with depression (Ellis et al., 2020). Similarly, physical activity was 

negatively associated with depression and positively associated with wellbeing, over and above 

fear of COVID-19, among youth ages 13-19 living in the United Kingdom during the initial 

lockdown; however, physical activity was not associated with anxiety (Wright et al., 2021). 

Although meta-analytical examination has shown an overall positive effect of physical exercise 

on anxiety treatment in adults (Carter et al., 2021), findings regarding the effect of physical 

activity on anxiety during COVID-19 appear to be mixed among adult samples (Antunes et al., 

2020; Zhang et al., 2020). Most research has used data that was collected early in the 

pandemic when lockdown restrictions were first mandated. Thus, little is understood regarding 

how engagement in physical activity may be protective to mental health later in the pandemic as

public health safety restrictions were lessened. Lessened restrictions, notably the re-opening of 

recreational sports and facilities, may have contributed to greater opportunities for youth to 

engage in physical activity. Alternatively, adolescents may have faced increases in academic 

demands with return-to-school, leaving less time available to engage in physical activity. The 

first aim of the present study adds to the current literature by comparing data from early in the 

pandemic (i.e., Summer 2020) to later in the pandemic when many restrictions were lifted in 

Canada (i.e., Winter 2020/21). 

Physical Activity, Affect Regulation, and Mental Health

Although the associations between physical activity and mental health in youth are well-

established, the mechanisms by which physical activity may work to improve mental health are 

less clear. One hypothesized mechanism is through improved affect regulation, which refers to 
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a set of skills that enable one to regulate and/or tolerate negative emotional experiences 

(Thompson, 2019). Positive experiences with physical activity can reduce stress, increase 

autonomy, and improve body awareness and sense of competence, which in turn are conducive

of higher (or more persistent) engagement with physical activity (Sudeck et al., 2018); factors 

typically associated with positive or improved mood. For example, in a sample of 80 adults ages

18-40, Bernstein and McNally (2017) examined how physical activity changes the way one 

responds to negative emotions by having participants complete measures of emotion response 

tendencies, mood, and anxiety after being randomly assigned to stretch (i.e., control group) or 

jog for 30-minutes and undergoing positive and negative mood induction tasks. Results showed 

higher affect dysregulation following a negative mood induction task was associated with 

persisten sadness following the task; however, this association was weaker among participants 

assigned to the aerobic exercise group reported less sadness at the end of the study than those

who did not exercise (i.e., stretch group). In a follow-up study using a stressful speech task to 

elicit stress responses, the authors showed that aerobic exercise attenuated the effects of 

rumination and affect regulation difficulties on emotional recovery, providing evidence of the 

buffering effect of physical activity (Bernstein & McNally, 2018). This pathway of physical activity

to decreased affect regulation difficulties to better mental health outcomes may be particularly 

important in the context of the COVID-19 pandemic, when youth are experiencing heighted 

anxiety and depression (Racine et al., 2021). 

Two outcomes of affect regulation difficulties that physical activity may improve are 

affect dysregulation (i.e., difficulties in regulating or tolerating negative emotions) and/or affect 

suppression (i.e., tendency to suppress negative emotions). Indeed, previous work has shown a

link between these affect regulation difficulties and depression and anxiety among youth (e.g., 

McLaughlin et al., 2011; Moretti & Craig, 2013; Schäfer et al., 2017). To our knowledge, 

however, no research has examined their association with physical activity during the COVID-19

pandemic. Thus, the second aim of the present study is to examine the mediating role of affect 

5



ADOLESCENT PHYSICAL ACTIVITY AND MENTAL HEALTH

dysregulation and suppression in the association between physical activity and mental health 

among adolescents during the pandemic.

Context of Physical Activity 

The context within which adolescents engage in physical activity may also be 

differentially related to mental health outcomes. In a systematic review of 11 studies comparing 

the effects of outdoor versus indoor physical activity on mental health outcomes, the authors 

concluded physical activity outdoors in natural environments was associated with greater 

feelings of revitalization and positive engagement, and decreased negative emotions including 

tension, anger, confusion, and depression, compared to indoor physical activity (Coon et al., 

2011). Of note, no eligible studies including children and adolescents were identified. However, 

some research involving adolescent samples shows the association between time spent 

outdoors and mental health to be mediated by physical activity among a sample of Canadian 

adolescents (Belanger et al., 2019) and research shows increased outdoor activities during the 

COVID-19 pandemic were related to meeting physical acticity and 24-hour movement 

guidelines (Mitra et al., 2020). 

Adolescence is often referred to as a stage of “storm and stress” (Arnett, 1999), in part 

due to the heightened emotional intensity and instability that youth experience in tandem with 

emerging affect regulation abilities (Bailen et al., 2019; Rapee et al., 2019; Zimmerman & 

Iwanski, 2014). Accordingly, the stress and uncertainty inherent to the COVID-19 may have 

exceeded the developmental coping repertoires of many adolescents. The COVID-19 pandemic

may thus present a particularly important opportunity for parents to facilitate and model key 

affect regulation strategies, including physical activity. To add, with closures of schools, 

recreational facilities, and organized sports in Canada, adolescents have had to find alternative 

ways to engage in physical activity at home. Parents play a particularly important role in 

promoting physical activity (Rhodes et al., 2019; Stearns et al., 2016). For example, parental 

modeling and support of physical activity are both related to child and adolescent physical 
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activity (Yao & Rhodes, 2015), suggesting these behaviors may be key intervention target to 

promote youths’ physical activity. In the context of the COVID-19 pandemic, parents are also 

experiencing significant mental health concerns (Cameron et al., 2020; Russell et al., 2020) and

how they cope with COVID-19-related stressors could provide important modeling opportunities.

Thus, the final aim of the present study is to investigate how physical activity indoor, outdoors, 

and with parents may each contribute to adolescent affect regulation and mental health.

The Present Study

The present study had three objectives to add to the existing literature on the protective 

nature of physical activity for adolescent mental health during the COVID-19 pandemic: 1) 

modelling associations across physical activity, affect regulation difficulties, and anxious and 

depressive symptoms in two adolescents samples; one from early in the lockdown (i.e., 

Summer 2020), and another from Winter 2020/21 once some lockdown measures were lifted in 

Canada and teens returned to school; 2) examining whether affect dysregulation and 

suppression mediate the association between physical activity and mental health (Figure 1); 

and, 3) investigating whether the type of physical activity (i.e., indoors, outdoors, with parents) 

resulted in differential associations.

Method
Participants 

Wave 1 (W1; Summer 2020) participants were drawn from a sample of 809 Canadian 

adolescents (Mage = 15.67, SD = 1.37; 56% girls; 5% transgender, non-binary, or gender non-

conforming; trans+; see AUTHOR, in press), as the physical activity measures were included 

two weeks following initial study recruitment. For the present study, W1 data was collected from 

June 25, 2020 to July 31, 2020. W1 participants (n = 662) were Canadian adolescents (Mage = 

15.69, SD = 1.36; 52% girls; 5% trans+) who completed an online survey. Wave 2 (W2; Winter 

2020/21) data was collected from November 15, 2020 to February 28, 2021. W2 participants (n 

= 675) were Canadian adolescents (Mage = 15.80, SD = 1.46; 50% girls; 6% trans+). The 
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majority of the participants in both cohorts were White (73% and 70%, respectively) and lived in 

two-caregiver households (71% and 68%, respectively). 

Procedure

Inclusion criteria were limited to Canadian adolescents (ages 12-18) who were recruited 

through social media advertisements, community partners, and author networks and informed 

consent was obtained from the youth (see AUTHOR, in press for details). All participants who 

completed the survey were entered into a draw for incentives (i.e., gift cards). Study protocol 

was approved by the first and last authors’ institutional research ethics boards. 

Measures

Demographics. Participants self-reported demographics including age, identified 

gender, race/ethnicity, and family composition.

COVID-19-related stress. Youth were asked how concerned they were about the 

impact of COVID-19 stressors (e.g., “family stress from confinement”; Findlay et al., 2020). Nine

items (W1 α = 0.78 and W2 α = 0.76) were rated from 1 (not at all) to 4 (extremely) and mean 

scores across items were calculated.

Physical activity. Youth were asked to rate the frequency of their engagement in indoor

and outdoor physical activity from 0 (not at all) to 3 (5 or more times per week). Youth were also

asked to rate how often they were physically active with their parent(s) on a 3-point Likert scale 

from 0 (never) to 2 (often). 

Affect dysregulation and suppression. The affect dysregulation (4 items; W1 α = 0.86

and W2 α = 0.87; e.g., “It’s very hard for me to calm down when I get upset”) and suppression 

(4 items; W1 α = 0.71 and W2 α = 0.71; e.g., “I try hard not to think about my feelings”) 

subscales from the Affect Regulation Checklist (ARC; Goulter et al., 2021; Moretti, 2003) were 

completed. Items were rated on a 5-point Likert scale from 1 (not like me) to 5 (a lot like me). 

Mental health. Youth completed the Ontario Child Health Study Scales (OCHS; Duncan

et al., 2019). Raw scores for scales measuring Depression (9 items; W1 α = 0.89 and W2 α = 
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0.88; e.g., “I get no pleasure from usual activities”) and Anxiety (6 items; W1 α = .87 and W2 α =

0.87; e.g., “I find it hard to stop worrying”). Items were measured on a 3-point Likert scale from 0

(never or not true) to 2 (often or very true).

Analysis

Descriptive statistics, including correlations, were examined using SPSS version 24 

(IBM, 2016). Using Mplus version 8.2 (Muthén & Muthén, 1998-2017), one multiple-group path 

analysis model was run in which the three physical activity variables (i.e., indoor, outdoor, and 

with parent(s)) were each specified to have an indirect effect on anxiety and depressive 

symptoms via affect dysregulation and suppression. The model accounted for participant’s age, 

identified gender, race/ethnicity, household composition, weeks since respective study 

recruitment initiated, whether the participant was currently in therapy, and COVID-19-related 

stress. The model was estimated using full information maximum likelihood (FIML) to minimize 

bias due to missing data. The model was evaluated according to the most commonly used 

critical values for fit indices, including a non-significant Chi-square (χ2), comparative fit index 

(CFI) above 0.95, and a root mean square error of approximation (RMSEA) below 0.08 (Hu & 

Bentler, 1999). Parameters were examined using standardized coefficients in Mplus (STDXY). 

Given the large sample size and number of pathways in the model, only pathways significant at 

p-values ≤ 0.01 are interpreted.

A multiple-group model was used to evaluate the significance of cohort (i.e., wave) 

differences in model pathways by comparing the fit of a model with unconstrained pathways 

(i.e., allowed to vary by cohort) against the fit of a model with constrained pathways (i.e., fixed to

be equal across cohorts). When a significant difference was identified, each pathway was 

constrained and tested against the unconstrained model to identify cohort differences in specific

pathways. 

Results

Descriptive Statistics
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Descriptive data for W1 (i.e., Summer 2020) and W2 (i.e., Winter 2020/21) data are 

presented in Table 1. The samples were comparable with regard to age, identified gender, race/

ethnicity, and household composition. W2 participants were more likely to be accessing therapy 

(e.g., individual, family, or group) than those in W1, χ2(1) = 6.48, p = 0.011. With regard to study 

variables, W2 participants reported higher levels of COVID-19-related stress and less frequent 

physical activity indoors, outdoors, and with parent(s) than W1 participants. The samples were 

comparable with regard to levels of affect dysregulation and suppression, and anxiety and 

depressive symptoms (Table 1). Correlations between study variables for each cohort are 

presented in Supplemental Table 1. 

Mediation Model Results

A multiple-group structural equation model was fit to the data examining the indirect 

effects from each physical activity variable (i.e., indoor, outdoor, and with parent(s)) through 

affect dysregulation and suppression to the endogenous anxiety and depressive symptoms 

variables, which were adjusted for participant’s age, identified gender, race/ethnicity (White vs. 

Non-White), household composition (two-parent household vs. <2-parent household), weeks 

since respective sample recruitment initiated (i.e., time), engagement in therapy, and COVID-19

stress. The model fit the data well, χ2(2) = 5.17, p = 0.076; CFI = 0.999; RMSEA [90% CI] = 

0.049 [0.000, 0.103]. The model explained 61% variance in anxiety symptoms and 59% in 

depressive symptoms for W1 data, as well as 24% of the variance in affect dysregulation and 

5% of the variance in affect suppression for W1 data. For W2 data, the model accounted for 

50% of the variance in anxiety symptoms, 55% in depressive symptoms, and 19% of the 

variance in affect dysregulation and 7% of the variance in affect suppression (see Table 2 for 

full results). 

Wave 1. Indoor physical activity had an indirect effect on anxiety (b = -0.08, p ≤ 0.001) 

and depressive symptoms (b = -0.07, p ≤ 0.001) through affect dysregulation, but not 

suppression (Table 2). Physical activity outdoors was not associated with affect dysregulation or
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suppression, nor anxiety or depressive symptoms (ps > 0.01; Table 2). Physical activity with 

parent(s) had an indirect effect through affect dysregulation (b = -0.06, p = 0.004) and 

suppression (b = -0.02, p = 0.01) on anxiety symptoms, as well as indirect effects through affect 

dysregulation (b = -0.05, p = 0.005) and affect suppression (b = -0.03, p = 0.003) on depressive 

symptoms. 

Wave 2. In contrast to W1 data, physical activity indoors was not associated with affect 

dysregulation (b = -0.003, p = 0.933), and did not have indirect effects to anxiety or depressive 

symptoms (b = -0.002, p > 0.01; Table 2). Consistent with W1 findings, physical activity 

outdoors was not associated with affect dysregulation or suppression, nor anxiety symptoms. 

Although physical activity outdoors was associated with decreased depressive symptoms (b = -

0.10, p ≤ 0.001), indirect effects through dysregulation or suppression were not significant 

(Table 2). Consistent with W1 findings, physical activity with parent(s) had an indirect effect 

through affect dysregulation (b = -0.06, p ≤ 0.001) and suppression (b = -0.04, p ≤ 0.001) on 

anxiety symptoms, as well as indirect effects through affect dysregulation (b = -0.07, p ≤ 0.001) 

and affect suppression (b = -0.05, p ≤ 0.001) on depressive symptoms in W2. 

Cohort differences in model pathways. The multiple-group model testing a fully 

unconstrained model against a constrained model was significant, Dχ2(18) = 38.55, p = 0.007. 

When individual pathways were tested, the pathways of affect dysregulation on anxiety (Dχ2(1) =

14.97, p = 0.002), affect suppression on anxiety (Dχ2(1) = 10.55, p = 0.020), physical activity 

indoors on anxiety (Dχ2(1) = 10.80, p = 0.018), and physical activity indoors on affect 

dysregulation (Dχ2(1) = 11.30, p = 0.013) were significant (see Table 2 for full results).

Discussion

The present study adds to our understanding of the protective role of physical activity on 

adolescents’ mental health in the context of the ongoing COVID-19 pandemic by examining the 

meditating pathways involving affect dysregulation and suppression. Results emphasize a 

nuanced association between physical activity and mental health during COVID-19, with effects 
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depending on the type of physical activity (i.e., indoors, outdoors, with parents) and point in time

of the pandemic (i.e., Summer 2020 and Winter 2020/2021). While indoor physical activity 

indoors was protective for adolescent mental health via decreased affect dysregulation and 

suppression earlier in the pandemic, this was not the case later in the pandemic. Physical 

activity with parents, in contrast, was protective for adolescent mental health at both time points 

mediated by affect dysregulation and suppression. These findings contribute our understanding 

of how physical activity protects adolescent mental health and point to the importance of 

strengthening family supports and recreation opportunities insofar as feasible within evolving 

public health orders. 

Physical Activity and Adolescent Mental Health during the Ongoing Pandemic

Our results suggests that youth who engage in more frequent physical activity, 

particularly with parents, may have had fewer mental health concerns such as anxiety and 

depression during the pandemic. This is consistent with past research implicating physical 

activity as a robust protective factor against mental health concerns in children and youth 

(Carter et al., 2016; Carter et al., 2020; Dale et al., 2019; Pascoe et al., 2020). Unfortunately, 

our results also suggest that adolescents reported less frequent physical activity in W2 than W1.

While this shift could be partially explained by established seasonal changes in physical activity 

(Carson & Spence, 2010), with reduced overall activity in colder versus warmer months, it may 

also reflect the ongoing effects of the pandemic. By Winter 2020/21, most adolescents in 

Canada were attending in-person schooling at least part-time, and many may have returned to 

pre-pandemic activities such as part-time work and organized recreational activities. It is 

possible, therefore, that physical activity waned as competing demands on their time increased. 

Additionally, our results showed that youths’ psychological stress associated with the pandemic 

increased from W1 to W2. Higher levels of fear, stress, and uncertainty related to pandemic are 

likely to tax youths’ coping and executive functioning (Lund et al., 2020; Starcke et al., 2016), 

and may make it more difficult to engage in planful and effortful physical activity. Indeed, 
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stressed youth are more likely to turn to passive distractions such as screen time (Stults-

Kolehmainen & Sinha, 2014; Twenge & Campbell, 2018), which is concerning given the 

associated negative mental health effects of such activities (Xiao et al., 2020; Twenge & 

Campbell, 2018). Results from the current study suggest that supporting youth to engage in 

physical activity, including by helping them recognize and manage stress and increasing 

opportunities for family recreation, could help buffer some of the negative psychological impacts

of the pandemic.

The Mediating Role of Affect Regulation Difficulties

Our study provides suggests potential evidence for how physical activity may improve 

mental health among adolescents, namely through reduced affect regulation difficulties and 

affect suppression. However, results were nuanced, with differences depending on the type of 

physical activity (indoor, outdoor, with parents) and the wave of data collection. Participation in 

indoor physical activity was protective of mental health in W1, but not W2. The association 

between indoor physical activity and physical activity with parents with mental health symptoms 

was mediated by lower affect dysregulation in W1. By W2, only physical activity with parents 

was associated with lower mental health concerns, but multiple mediating pathways were found,

including through both decreased affect dysregulation and suppression. As noted above, youth 

reported higher pandemic-related stress in the second survey. It may be that in the context of 

ongoing and persistent stress, an adolescents’ individual engagement in physical activity may 

not offer sufficient benefit to buffer against anxiety and depression. Physical activity with 

parents, in contrast, can offer benefits that solo physical activity may not, including modelling of 

positive coping with stress (Thompson et al., 2010) and enhancing family cohesion and parent-

child communication (Ornelas et al., 2007). Thus, physical activity with parents may be an 

important time for youth and parents to talk about what is going on and how they are each 

reacting to it, which can reduce affect dysregulation and suppression and in turn protect against 

mental health difficulties. Physical activity with parents can provide opportunities for 
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communication and relationships building, thus strengthing the parent-child relationship. It may 

also be that adolescents with strong parent-child relationships are more adept to engage in 

physical activity with parents (Yao & Rhodes, 2015; Rhodes et al., 2019). Although our findings 

cannot speak to the direction of these associations, they nevertheless highlight the potential 

utility of promoting parent-child physical activity both during the COVID-19 pandemic, as well as 

its aftermath.  Although our findings cannot speak to the direction of these associations, they 

nevertheless highlight the potential utility of promoting parent-child physical activity both during 

the COVID-19 pandemic, as well as its aftermath. 

It is worth noting that physical activity with parents had the strongest and most 

consistent negative associations with anxiety and depression, but was also the least frequently 

endorsed type of physical activity. In contrast, while outdoor physical activity was not associated

with mental health concerns in these surveys (except for a direct effect on depressive symptoms

in W2), it was the type of activity youth were most likely to report engaging in. Together, these 

findings point to the importance of taking a broad view when considering policy or program 

implications. Physical activity confers multiple physical and psychological benefits (e.g., 

Janssen & LeBlanc, 2010; Carter et al., 2016; 2021). In light of the global research showing 

inactivity in youth is a serious problem (Guthold et al., 2019), it may be worth encouraging youth

to build on activities they are already engaging in and enjoying. Yet, when it comes to promoting

youths’ mental health specifically, it is also worth exploring how we can increase rates of parent-

child co-participation in physical activity (Rhodes et al., 2019). Strategies might include 

informational campaigns to raise awareness of the benefits of family exercise, meetings with 

decision-makers (e.g., municipal leaders, health organizations) to help families identify and 

resolve barriers to activity, and behavioral “challenges” in which families can track their activity 

and earn incentives for meeting various milestones (Timperio et al., 2004). Indeed, research 

shows that programs that involve parents are the most effective in increasing physical activity in 
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adolescents (Timperio et al., 2004), further underscoring the important role that parents play in 

youths’ physical activity.

Limitations

While our study contributes to understanding whether and how physical activity might 

promote emotional resilience in Canadian youth, several limitations must be considered. First, to

obtain a national sample we used online recruitment, which are susceptible to self-selection 

biases. While the recruited sample matches published demographics for Canadian youth in 

terms of racial make-up and family composition (see AUTHOR, in press), it cannot be 

considered to be representative. Second, data collection was not collected prior to the 

pandemic, so changes in behaviours, mental health concerns, and their associations from pre- 

to post-pandemic are not identifiable. Third, although collection of data at two distinct points in 

the pandemic is a strength, a longitudinal design assessing the same individuals multiple times 

would provide clearer understanding on changes over time, both at the between- and within-

person levels. 

Conclusion

Our findings suggest physical activity, particularly with parents, is associated with better 

mental health at two times in the pandemic, pointing to the promotion of strategies for 

engagement in physical activity for adolescent affect regulation and mental health. Future 

research examining the propospective associations between physical activity, affect regulation, 

and mental health are needed to continue to monitor changes as the pandemic continues. 
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Table 1

Descriptive statistics (mean[standard deviation] or frequency[percentage]) for demographic and 
study variables by sample.

Wave 1 (Summer
2020; n = 662)

Wave 2 (Winter
2020/21; n = 675)

t or χ2,
p-value

Demographics
  Age 15.69 (1.36) 15.80 (1.46) -1.44, p = 0.151
  Gender (girls) 343 (52%) 335 (50%)
  Gender (trans+) 32 (5%) 42 (6%) 1.51, p = 0.470
  White 484 (73%) 474 (70%) 1.71, p = 0.191
  Two-parent household 468 (71%) 459 (68%) 1.25, p = 0.263
  In therapy 123 (19%)† 164 (24%)† 6.48, p = 0.011
Study variables
  COVID-19 stress 2.44 (0.56)† 2.51 (0.54)† -2.20, p = 0.028
  Physical activity – indoor 1.09 (0.93)† 0.96 (0.92)† 2.51, p = 0.012
     Not at all 195 (30%)† 235 (36%)†

     1-2 times per week 277 (42%) 266 (41%)
     3-5 times per week 128 (19%) 102 (16%)
     5+ times per week 62 (9%) 53 (8%) 7.56, p = 0.056
  Physical activity – outdoor 1.51 (0.91)† 1.25 (0.94)† 5.05, p < 0.001
     Not at all 75 (11%)† 141 (22%)†

     1-2 times per week 289 (44%) 296 (45%)
     3-5 times per week 183 (28%)† 131 (20%)†

     5+ times per week 115 (17%)† 88 (13%)† 32.43, p < 0.001
  Physical activity – parent(s) 0.66 (0.71)† 0.46 (0.61)† 5.52, p < 0.001
     Never 317 (48%)† 392 (60%)†

     Sometimes 251 (38%) 225 (34%)
     Often 94 (14%)† 39 (6%)† 32.07, p < 0.001
  Affect dysregulation 11.87 (4.87) 11.51 (4.79) 1.35, p = 0.177
  Affect suppression 13.20 (4.06) 13.49 (3.93) -1.28, p = 0.202
  Anxiety symptoms 6.90 (3.49) 7.11 (3.92) -1.17, p = 0.244
  Depressive symptoms 8.61 (4.75) 8.58 (4.59) 0.13, p = 0.894 

†Significant cohort differences.
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Table 2
Results of multiple group mediation models by adolescent sample.

Wave 1 (Summer 2020; n = 658) Wave 2 (Winter 2020/21; n = 654)
Affect

dysregulation
Affect

suppression
Anxiety

symptoms
Depressive
symptoms

Affect
dysregulation

Affect
suppression

Anxiety
symptoms

Depressive
symptoms

Direct effects
Physical activity – 
indoor

-0.14***† 
(0.04)

0.02 
(0.04)

0.06†

(0.03)
-0.01 
(0.03)

-0.003† 
(0.04)

0.02
(0.04)

-0.04†

(0.03)
-0.04 
(0.03)

Physical activity – 
outdoor

-0.02 
(0.04)

-0.03
(0.04)

-0.06 
(0.03)

-0.03 
(0.03)

-0.02 
(0.04)

0.01
(0.04)

-0.01 
(0.03)

-0.07** 
(0.03)

Physical activity – 
parent(s)

-0.10** 
(0.04)

-0.13***
(0.04)

-0.08** 
0.03)

-0.15***
(0.03)

-0.14*** 
(0.04)

-0.20***
(0.04)

-0.03
(0.03)

-0.10***
(0.03)

Affect dysregulation 0.61***†

(0.03)
0.50*** 
(0.03)

0.48***†

(0.03)
0.49*** 
(0.03)

Affect suppression 0.12***†

(0.03)
0.23***
(0.03)

0.21***†

(0.03)
0.24***
(0.03)

Indirect effects à 
Affect dysregulation
Physical activity – 
indoor

-0.08***
(0.02)

-0.07***
(0.02)

-0.002
(0.02)

-0.002 
(0.02)

Physical activity – 
outdoor

-0.01 
(0.02)

-0.01 
(0.02)

-0.01 
(0.02)

-0.01 
(0.02)

Physical activity – 
parent(s)

-0.06** 
(0.02)

-0.05** 
(0.02)

-0.06***
(0.02)

-0.07***
(0.02)

Indirect effects à 
Affect suppression
Physical activity – 
indoor

0.002 
(0.01)

0.004
(0.01)

0.004
(0.01)

0.01 
(0.01)

Physical activity – 
outdoor

-0.003 
(0.01)

-0.01 
(0.01)

0.002 
(0.01)

0.002 
(0.01)

Physical activity – 
parent(s)

-0.02*
(0.01)

-0.03** 
(0.01)

-0.04***
(0.01)

-0.05***
(0.01)

Note. Standardized estimates (standard errors) are shown. Models adjust for participant age, identified gender, White, two-parent 
household, weeks since study recruitment initated, engagement in therapy, and COVID-19 stress. The model fit the data: χ2(2) = 
5.17, p = 0.076; CFI = 0.999; RMSEA [90% CI] = 0.049 [0.000, 0.103]. 
†Significant cohort differences in paths. **p ≤ 0.01, ***p ≤ 0.001.
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Figure 1. Hypothesized mediation model. 
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Supplemental Table 1. 

Correlations between study variables by adolescent sample. 

1. 2. 3. 4. 5. 6. 7. 8.
1. COVID-19 stress -- 0.004 -0.014 0.001 0.25 0.12 0.27 0.18
2. Physical activity – indoor 0.002 -- 0.32 0.19 -0.09 -0.03 -0.13 -0.15
3. Physical activity – outdoor 0.04 0.32 -- 0.12 -0.06 -0.01 -0.08 -0.12
4. Physical activity – 
parent(s)

0.05 0.26 0.22 -- -0.16 -0.21 -0.19 -0.26

5. Affect dysregulation 0.26 -0.22 -0.11 -0.14 -- 0.35 0.64 0.66
6. Affect suppression 0.12 -0.04 -0.05 -0.14 0.37 -- 0.42 0.46
7. Anxiety symptoms 0.33 -0.14 -0.15 -0.18 0.74 0.38 -- 0.73
8. Depressive symptoms 0.26 -0.19 -0.14 -0.26 0.68 0.46 0.74 --

Note. Wave 1 (Summer 2020) sample correlations are presented below the diagonal and Wave 2 (Winter 2020/21) sample are 
presented above. Bolded correlations p ≤ 0.01.
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