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The COVID-19 pandemic has afforded the opportunity for some to improve lifestyle behaviours, while for others it has presented key challenges. Adverse changes in global lifestyle behaviours, including physical activity, sleep, and screen time can affect proximal mental health and in turn distal cardiovascular outcomes. We investigated differences in physical activity, sleep, and screen time in parents and children during early stages of the COVID-19 pandemic in Australia compared to pre-COVID-19 national data; and estimated associations between these movement behaviours with parent and child mental health. Cross-sectional baseline data from the COVID-19 Pandemic Adjustment Study (CPAS; N = 2,365) were compared to nationally representative pre-pandemic data from the Longitudinal Study of Australian Children (LSAC; N = 9,438). Participants were parents of children aged ≤ 18 years, residing in Australia. Parents provided self-report measures of mental health, physical activity and sleep quality, and reported on child mental health, physical activity and screen time. Children in CPAS had significantly more sleep problems and more weekend screen time. Their parents had significantly poorer sleep quality, despite increased weekly physical activity. Children's sleep problems were significantly associated with increased mental health problems, after accounting for socioeconomic status, physical activity, and screen time. Poorer parent sleep quality and lower levels of physical activity were significantly associated with poorer mental health. Monitoring this cohort over time will be important to examine whether changes in movement behaviour are enduring or naturally improve with the easing of restrictions; and whether these changes have lasting effects on either parent or child mental health, and in turn, future risk for CVD.
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INTRODUCTION

COVID-19, a disease caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-Cov-2), was classified as a pandemic by the World Health Organization on March 11, 2020 (1). In an attempt to stop the spread of COVID-19, strict quarantine, lockdown, and social distancing measures were implemented around the world, including in Australia, where Federal and State governments introduced Stage three lockdown (2) in April 2020 to reduce the rate of infection. Measures to prevent the spread of COVID-19, such as home confinement, school closures, restriction on the gathering of groups of people, and the shutdown of community services and facilities (e.g., organised sports, playgrounds, pools, and gyms) are likely to have an impact on a number of important health promoting global movement behaviours [e.g., physical activity, screen time and sleep; (3, 4)]. These behaviours are closely related to both mental health and risk for cardiovascular disease (CVD). Given that the childhood origins of mental health disorders and CVD are increasingly recognised (5), and there are known links between depression, stress and risk for CVD (6–8), there is potential that adversity associated with the COVID-19 pandemic may have long-term effects on the development of psycho-cardiologic diseases. This is plausible due to the shared risk pathways that have been shown to link a range of mental health indicators (e.g., depression, psychosocial stress, lack of social support and negative emotions) with CVD, including both intermediary markers of CVD risk (9, 10) and established CVD [(11); for a review of shared pathways see (12)].

Emerging evidence on how COVID-19 related restrictions may be affecting people's physical activity, sleep quality and screen time has been mixed (13–16) but it is not difficult to see how such restrictions may have a negative impact across these domains. For example, the closure of parks, beaches and sports facilities, a lesser need for active transport as people are urged to stay home and increases in screen use related to working and schooling from home, are likely to reduce the time that children and parents spend in environments associated with physical activity. This may be offset at least in part by physical activity being one of a very small number of permitted activities. Similarly, increased time at home may disrupt normal routines, with increased access to screens and potential changes to bedtime routines. In addition, pre-pandemic research has shown that, on unstructured and non-school days (i.e., similar to COVID-19-related home confinement), children are less physically active and more sedentary (17), engage in more recreational screen time (18) and have less regularity in sleep patterns (19). To-date, there has been minimal evidence considering the impact of home confinement on physical activity, sleep and screen time for both children and parents within households, meaning that the overall family burden of changes in movement related behaviours is not well-understood. A family systems perspective on the impact of COVID-19 on movement behaviours may be a novel and conceptual approach, particularly in relation to understanding mental health within families.

Decreased physical activity and increased sedentary behaviour may be a risk factor not only for more proximal indicators of mental health but in turn, for more distal risk of CVD among both children and their parents (20, 21). For example, poor sleep is closely linked with symptoms of depression and anxiety in children (22) as well as in adults (23, 24). Similarly, lower levels of physical activity and greater amounts of time spent in sedentary activities are linked to poorer mental health outcomes among children, including anxiety and depressive symptoms (25, 26) and irritability (27). A similar picture presents itself in adults, where reductions in physical activity are related to increases in mental health symptoms (28, 29) and a greater likelihood of a clinical diagnosis, such as major depressive disorder (30, 31). Furthermore, any negative change to movement behaviours, brought about by COVID-19 restrictions, may be further compounded by COVID-19 stressors, including educational (school disruption), environmental (e.g., loss of employment, housing) and biopsychosocial (e.g., COVID-19 diagnosis, loss of social support) stressors. Within families, these have the potential to directly impact child health through adverse impacts on parent health. Given that poor mental health is also a known risk factor for CVD, alongside these lifestyle risk factors, gaining a clear understanding of the mental health burden of the COVID-19 pandemic among families and its relationship to global movement behaviours can inform targeted public health efforts for effective prevention and/or intervention.

The aim of the current study was to investigate levels of physical activity, screen time, and sleep during the early stages of COVID-19 social restrictions in Australia, and compare it to pre-COVID-19 national data. Further, we sought to estimate the association between these movement behaviours and a range of mental health indicators among both parents and children. Specific aims were to:

• Compare levels of child screen time, sleep problems and regular bedtime routine during the early stages of the COVID-19 social restrictions to Australian pre-pandemic national data.

• Compare levels of parent sleep quality and physical activity during the early stages of the COVID-19 pandemic to Australian pre-pandemic national data.

• Investigate the associations between child physical activity, sleep and screen time with child indicators of mental health, including depression symptoms (in children aged 2–18 years), anxiety symptoms (in children aged 2–18 years) and irritability (in children aged 0–18 years), and whether these associations were moderated by COVID-19 related stressors.

• Investigate the association between parent physical activity and sleep quality with parent depression, anxiety, stress, emotion regulation and positive affect, and whether these associations were moderated by COVID related stressors.



METHODS


The COVID-19 Pandemic Adjustment Survey (CPAS)

This study uses cross-sectional baseline data from the COVID-19 Pandemic Adjustment Survey (CPAS) (32), which aims to investigate the mental health impacts of the COVID-19 crisis in a sample of Australian parents using regular (longitudinal) online surveys. Participants were recruited via paid and unpaid social media advertisements using a range of methods to increase the representativeness of the sample (e.g., targeting demographic factors/postcodes). Recruitment occurred from 8 to 28th April, 2020, which coincided with the Australian federal and state governments introducing increasingly strict social distancing measures to slow the rate of infection. Participants were 2,365 Australian parents. Parents were eligible to participate if they resided in Australia and were aged ≥18 years, English speaking and a current parent of a child aged 0–18 years. The current study was approved by the Deakin University Human Ethics Advisory Group (HEAG-H 52_2020).



The Longitudinal Study of Australian Children (LSAC)

As a means of pre-pandemic comparison, we drew on national data from the Longitudinal Study of Australian Children (LSAC), a nationally-representative prospective cohort study of Australian children and their families (33). Participating children were randomly selected in a two-stage cluster sampling design using Australian postcodes and the Medicare universal healthcare database (34). We used biennial parent-report data (99% mothers) from three waves of the Baby cohort (N = 5,107), covering child ages 0–1 (Wave 1, collected in 2004), 2–3, and 4–5 years; and from five waves of the Kindergarten cohort (4,656), covering child ages 6–7 (Wave 2, collected in 2006), 8–9, 10–11, 12–13, and 14–15 years.



Measures

Table 1 provides a summary of the socio-demographic, parent, child and COVID-19 risk measures from CPAS and LSAC used in the current analysis.


Table 1. Study measures.
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Population Weighting

Post-stratification weights in the CPAS dataset were derived to compensate for differences between the final sample and the national population of parents. Post-stratification weights for CPAS were produced through a raking approach (42), using six demographic factors: (1) geographic location (major city, inner and outer regional areas, and remote areas); (2) child age groups (0–4, 5–9, 10–12, 13–14, and 15–18 years); (3) parent gender (male, female); (4) family structure (single parent, couple family); (5) parent education (did not complete high school, high school completion; and (6) pre-pandemic parent employment status (employed, unemployed). The CPAS dataset was weighted to be equivalent to a subpopulation of Australian adults (i.e., parents of a child 0–18 years), with an estimated total population size of 8.4 million parents. LSAC population weights were also applied in weighted analyses.




Statistical Analysis

Analyses were conducted in Stata version 16. Item level missing data in the CPAS study ranged from 0 to 8% on individual variables; and up to 29% in the LSAC study. Missing data were therefore replaced using multivariate multiple imputation by chained equations for each study separately. All variables from the final analytic models and weights were included in the multiple imputation model to create 50 imputed datasets. All reported results are from the multiply imputed datasets.

To address Aims 1 and 2, proportions and 95% confidence intervals were calculated for LSAC data using all available time-points for each measure. Two sets of CPAS estimates were calculated; firstly, for the full available sample; and secondly, for an age-matched subsample consistent with LSAC age ranges to allow comparison with the LSAC national data. LSAC estimates were averaged across available waves within each imputation model, and then combined across the Baby and Kindergarten cohorts using a meta-analysis process based on metaphor in R (43, 44). For CPAS and LSAC, both unweighted and weighted data are presented to ensure reported outcomes are as close to population representation as possible. However, given that our datasets varied from population statistics on several population indicators (see Table 2), we primarily focused on unweighted results. We conducted a series of independent samples t-tests to assess unweighted differences between samples/groups.


Table 2. Participant characteristics in the COVID-19 Pandemic Adjustment Survey (N = 2365, child aged 0–18 years) and the Longitudinal Study of Australian Children Baby Cohort (Wave 1, N = 5,107) and Kindergarten Cohort (Wave 3, N = 4,331).
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To address Aims 3 and 4, a series of unadjusted linear regression models, using unweighted CPAS data, were conducted to determine the association between movement behaviours and indicators of mental health in the CPAS sample. Next, adjusted models were conducted to assess the unique contribution of each movement behaviour to each indicator of mental health, while accounting for the contribution of the other concomitant variables in the model. In regression models assessing adult data, adjustments were made for age, gender, deprivation, education, Aboriginal and Torres Strait Islander Peoples status and language other than English (LOTE) spoken at home, and for data related to child factors, adjustments were made for child age, child gender, parent age, parent gender, partner status, deprivation, and parent education. Final adjusted models were derived by including concomitant variables where there was evidence for an unadjusted association with the outcome (p < 0.1). Interaction terms were added to assess whether COVID related stressors moderated relationships between the movement behaviours and mental health indicators.




RESULTS


Participant Characteristics

Participant characteristics are presented in Table 2. CPAS parents had a mean age of 38 years (SD = 7.07), were primarily female (81%), resided in a major city (70%) and had two children (46%) who were on average 9 years old (SD = 5.14). Single parent households were a minority (11%), and half of the sample had a child at home while working (50%). Twelve percent of parents reported that their child had an attention-deficit/hyperactivity disorder (ADHD) and/or autism spectrum disorder (ASD) and more than half of parents indicated that they themselves had either a physical or mental health condition. In contrast, LSAC parents in both cohorts were almost all female, but there were similar proportions of LSAC parents born overseas or from single parent families, compared to CPAS parents. A greater proportion of LSAC parents spoke a language other than English and did not complete high school.



Physical Activity, Screen Time, and Sleep During COVID-19 Compared to National Data

Table 3 presents parent and child physical activity, sleep, and screen time for CPAS compared to LSAC data.


Table 3. Parent and child physical activity, sleep, and screen time compared to Australian normative data (LSAC).
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Child

During the pandemic, ~1 in 6 parents reported that their child's sleep was a problem, in both the full CPAS sample (i.e., children 0–18 years) and the matched CPAS sample (children 0–13 years). This rate was close to double the rates reported by LSAC parents of children 0–13 years [17.4 vs. 8.9%, [image: image] = 109.23, p < 0.001]. Although 1 in 5 parents reported their child had no regular bedtime in the full CPAS sample, this was less frequent in the age-matched sample, where approximately 1 in 8 children did not have a regular bedtime. However, this rate was still much higher than the LSAC national data [13.1 vs. 2.8%, [image: image] = 79.49, p < 0.001].

In the CPAS full sample, children spent on average just over 3 and 4 h per day, respectively, engaged in weekday, and weekend day recreational screen time. These times were lower in the CPAS age-matched sample (i.e., aged 4–13 years), and there was evidence that CPAS parents reported their child spent less time engaged in recreational screen time on weekdays [t(11, 183) = 4.31, p < 0.001, d = 0.12] but more time on weekend days [t(11619) = −16.72, p < 0.001, d = −0.42] compared to the LSAC national data.



Parents

On average, parents participated in at least 30 min of physical activity up to 4 days per week, in both the full and matched CPAS samples, which was higher than the average rates reported in the LSAC national data [t(11620) = −24.96, p < 0.001, d = −0.63]. Over half of parents reported poor sleep quality in both the full and matched CPAS samples, which was more than double the average rates reported in LSAC national data [56.7 vs. 21%, [image: image] = 1147.12].



Sensitivity Analysis

Given the high proportion of CPAS parents who reported having a child with ADHD and/or ASD, and the known links between the movement behaviours and mental health outcomes among these children and parents (45–47), a sensitivity analysis was run removing parents who reported having a child with these conditions to determine the effect on our findings (n = 15%). No differences were found in our findings comparing CPAS age-matched sample with and without ADHD/ASD children compared to LSAC national data, indicating this over-representation did not change the interpretation of the findings reported.




Association Between Movement Behaviours and Mental Health Outcomes
 
Child

Unadjusted and adjusted models investigating the association between movement behaviours and mental health outcomes for children in the CPAS cohort are presented in Table 4. In unadjusted models, participating in at least 30 min of moderate or vigorous physical activity per day on fewer days (B = −0.22, 95% CI [−0.32 to −0.12], p < 0.001), spending more hours per day engaged in weekday (B = 0.26, 95% CI [0.20–0.32], p < 0.001) and weekend day (B = 0.25, 95% CI [0.19–0.31], p < 0.001) recreational screen time, having no regular bedtime (B = 1.40, 95% CI [0.90–1.90], p < 0.001) and greater sleep problems (B = 2.68, 95% CI [2.18–3.18], p < 0.001) were associated with greater depressive symptoms. These associations remained significant in adjusted models for weekend screen time and sleep problems (both p < 0.001).


Table 4. Associations between child movement behaviours (physical activity, screen time, sleep problems, and sleep routine) and mental health outcomes.
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In unadjusted models, more disrupted sleeping patterns in the CPAS cohort were associated with greater child anxiety symptoms (B = 1.40, 95% CI [1.11–1.68], p < 0.001) but no associations were found for having no bedtime routine, weekday or weekend screen time or physical activity (all p > 0.05). In adjusted models, the association remained for sleep problems (B = 1.30, 95% CI [1.01–1.60], p < 0.001) and having no regular bedtime became significantly associated with anxiety symptoms (B = −0.30, 95% CI [−0.59 to −0.01], p = 0.042). Higher levels of physical activity (B = 0.04, 95% CI [0.02–0.06], p = 0.001) and greater sleep problems (B = 0.33, 95% CI [0.20–0.45], p < 0.001) were both associated with child irritability in adjusted models. There was no significant moderating effect of COVID-19 environmental stressors or COVID-19 psychological stressors on the associations between movement behaviours and child mental health outcomes (all p > 0.05).


Sensitivity Analysis

Given some measures have not yet been validated in a younger sample (e.g., our measure of depression and anxiety have been validated for children as young as 6 years, yet we investigated associations in children as young as 2 years in our full CPAS sample), we undertook a sensitivity analysis, including only children aged 6 years and above. While for the most part our finding remained unchanged, when limiting the sample to 6 years and above, having an irregular bedtime was not associated with anxiety (p = 0.181) and weekend screen time was not associated with depression (p = 0.111).




Parent

Unadjusted and adjusted models examining the association between movement behaviours and mental health outcomes for CPAS parents during the pandemic are summarised in Table 5. In adjusted models, lower levels of physical activity and poorer sleep quality were associated with greater parent depressive symptoms. Lower levels of physical activity and poorer sleep quality were also associated with parent anxiety and stress symptoms. Similarly, less physical activity and poorer sleep quality were associated with greater difficulties regulating emotions. More physical activity and greater sleep quality was associated with greater positive affect. COVID-19 environmental stressors moderated the association between sleep quality and depression (B = 0.31, 95% CI [0.02–0.60], p = 0.034), and moderated the association between sleep quality and difficulties with emotion regulation (B = 0.96, 95% CI [0.09–1.84], p = 0.031), where parents reporting both high COVID-19 stressors and poor sleep quality reported the highest levels of emotion regulation difficulties and depression (see Tables 1, 2). There was no significant moderating effect of COVID-19 psychological stressors on the associations between movement behaviours and parent mental health (all p > 0.05).


Table 5. Associations between parent movement behaviours (physical activity and sleep quality) and mental health outcomes.
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DISCUSSION

This study investigated differences in a set of movement behaviours, namely physical activity, sleep and screen time, in parents and children during early stages of the COVID-19 pandemic in Australia compared to pre-COVID-19 national data; and estimated associations between these movement behaviours with parent and child mental health. Given the growing body of research establishing the mental health impacts of COVID-19 (48, 49), and the known association between movement behaviours with proximal indicators of mental health and more distal risk for CVD, identifying modifiable factors that can be targeted to improve both mental health and risk for CVD, is a priority. Here we show that children and parents under lockdown restrictions report substantially higher rates of sleep problems compared to pre-pandemic rates, with parents also reporting their child had greater levels of recreation screen time on weekends. Children who participated in lower levels of physical activity, had higher levels of recreational screen time and had greater sleep problems also experienced greater depressive symptoms. Greater disruptions to child sleep patterns was also associated with elevated anxiety and irritability symptoms, after accounting for physical activity and screen time. Similarly, poorer parent sleep quality and lower levels of physical activity were associated with poorer parent mental health, increased emotion regulation difficulties, and reduced positive affect. Given the association between the movement behaviours and indicators of mental health for both children and parents during the early stage of COVID-19; coupled with the finding of mostly unfavourable differences in these behaviours compared to pre-pandemic rates, there is potential that adversity associated with the COVID-19 pandemic may have long-term effects on the development of psycho-cardiologic diseases. While longitudinal investigations of this cohort are needed to confirm this hypothesis, at the very least, this study identifies a number of potential modifiable levers that may reduce both risk for more proximal mental health problems and more distal CVD risk.

Australian movement behaviour guidelines recommend that adults be active on most, and preferably all, days of the week, and that children should accumulate 60 min or more of moderate to vigorous physical activity per day, involving mainly aerobic activities (3). During the pandemic, children were engaging in 5 days of at least 30 min of moderate or vigorous physical activity, slightly below recommended levels. This finding is somewhat consistent with recent Canadian online survey showing that only 18% of children were adhering to physical activity recommendations (50). Results are also consistent with Moore et al. who reported in their online survey that children experienced a significant decline in all physical activities compared to pre-pandemic rates, with the most dramatic decline seen in outdoor physical activity and sport (16). Whether the lower rates of child physical activity during the early stages of COVID-19 in the current cohort compared to pre-pandemic rates is maintained beyond the initial lockdown restrictions will be important to determine. Physical activity is a known primordial risk factor for later CVD development (51), therefore, any maintenance of low levels of physical activity among our cohort would be of concern. Targeted public health interventions, sympathetic to the COVID-19 context may be required to re-engage children in daily physical activity to achieve pre-pandemic participation rates.

Although parents in the current sample appear to have high levels of physical activity compared to national data, this was still lower than recommended guidelines. Even so, this increase compared to pre-pandemic national data is somewhat heartening, given lower levels of physical activity were associated with poorer mental health across all indicators, even when accounting for sleep quality. Prioritising regular physical activity may be an important strategy for improving parents' mental health, and with COVID-19 related restrictions, it may be that parents are finding more time to engage in physical activity, which may come from greater flexibility in employment conditions or commute time. These higher rates of physical activity among parents are also heartening in terms of the more distal risk for later CVD development, given insufficient levels of physical activity is considered a primordial risk for later CVD (51). Further investigation into the contributing factors that may explain these trends among parents would be worthwhile for public health efforts aiming to improve physical activity levels among the general population, which may in turn improve proximal indicators of mental health indicators but also more distal risk for CVD. However, given the cross-sectional nature of the data, the reverse association cannot be ruled out—that instead, poor mental health contributes to lower physical activity. Regardless of the direction of associations, a key issue however, is that this increase in physical activity did not translate to increases in child physical activity behaviour. Surprisingly, increased physical activity in children was associated with higher levels of irritability. It may be that parents of children with high irritability may be prioritising exercise as an outlet to manage difficult child behaviour.

A growing body of research has demonstrated an increase in sleep problems in the general population as a result of the COVID pandemic (52–56), however, these studies have not systematically compared rates of sleep problems to pre-pandemic levels and/or have not focused on parents and children specifically. The higher levels of child sleep problems and irregular bedtime reported by parents in the CPAS cohort, and the connexion between child sleep problems and indicators of poorer mental health, suggest that sleep has the potential to be an important modifiable factor to improve children's functioning during the COVID-19 pandemic. Consistent with this notion, pre-pandemic studies have connected poorer sleep to increased mental health difficulties in children (57). Even though it may be tempting to relax the rules around children's bedtime during lockdown restrictions, our data suggest that sleep problems during the pandemic continue to be associated with worse mental health in children. Parents in the current study also had substantially higher rates of sleep problems compared to national data, which is consistent with findings from a cross-sectional study of 1,005 adults in France (52). It is notable that over half of parents rated their sleep quality as problematic. Moreover, sleep problems were associated with poorer parent mental health across multiple domains, even when accounting for physical activity levels. This is consistent with the findings of Stanton et al. (55) in their general Australian sample of adults, however, we extend these findings by considering parents specifically, and simultaneously accounting for physical activity levels.

We found mixed evidence concerning screen time. Children had lower levels of recreational screen use during weekdays but higher levels on weekends compared to pre-pandemic national data. It is important to note that parents reported on their child's screen time related to “non-educational purposes.” It may be that our findings are affected by variability in the context of schooling across participants. For example, a portion of children are likely to have been on school holidays between late March and late April (varying by State/Territory), overlapping with our data collection period (8th−28th April 2020). Further, about half the sample were juggling work from home while supervising children, and a portion of these children were engaged in remote learning (“home-schooling”) at the time of data collection; which is likely to bear an increased screen time load compared to on-campus school learning. It may be that parents restricted non-educational screen time for children already spending much of their day on screens for educational purposes.

In unadjusted analyses, increased weekday and weekend screen time was associated with child depression symptoms but this association was attenuated for weekday screen time when accounting for sleep problems, physical activity and other covariates. Similarly, associations between weekend screen time and child depression symptoms were attenuated when restricting analyses to those aged 6 years and above. Global movement behaviour guidelines for children and adolescents (4) recommend that young children aged 3–4 years engage in no more than 1 h of sedentary screen time, and that older children and adolescents 5–17 years engage in no more than 2 h of sedentary recreational screen time. On average, children in our study were engaging in 3 h of screen time on weekdays and 4 h on weekends, above recommended guidelines.

It is important to note that children may be using screens to maintain social connexions and this likely has many positive benefits, particularly in the context of limited opportunities for in-person interactions given COVID-19 restrictions. It is also difficult to tease apart the use of screens for educational and non-educational purposes. Overall, the lack of association between screen time and poor child mental health is reassuring for parents. Further, it may not be realistic to reduce child screen time during COVID-19 social distancing restrictions. Instead, family media plans can be used to manage screen time at home and parents should also consider the quality of the content that children are accessing during screen time (58). Fading (graduated extinction) approaches can gradually reduce non-educational screen time to recommended levels. Overall, it will be important to monitor screen time in this cohort to see whether screen time naturally reduces once restrictions have lifted.

Surprisingly, we found little evidence that COVID-19 related environmental or psychological stressors moderated associations between movement behaviours and mental health outcomes in children. However, for adults, COVID-19 environmental stressors moderated the association of sleep quality with both depression and emotion regulation. This is consistent with emerging research linking COVID-19 related risk factors to increased sleep difficulties (53). Prevention and intervention efforts that support parents to navigate environmental stressors related to the pandemic need to move beyond helping individuals cope. Focussing on the broader policy levers that may alleviate such stressors, including policies related to financial aid, secure housing and employment, access to COVID-19 safe childcare and school environments, and gendered division of labour will likely have a greater impact on alleviating COVID-19 related stressors and in turn improve parent sleep and mental health. Future research would benefit from focussing on these systemic, policy-based interventions.

Taken together, our findings linking disrupted sleep, low levels of physical activity and weekend screen time to a range of mental health indicators may have important implications for later psycho-cardiological disease. An emerging body of evidence in children and adolescents suggests that early experiences and environments (59, 60) in general may influence the course of health and chronic illness. COVID-19 related stressors and the experience of early depression and other emotional distress in children may be particularly relevant to the course of chronic disease development (60, 61). A compelling body of evidence has linked both stress and depression to a range of CVD risks and diseases (8, 62–68). Understanding the trajectory and prevailing nature of the COVID-19 related stressors and mental health problems reported by parents in the current study has particular importance when considering risk for later CVD. It has previously been suggested that persistent adversity and ongoing chronic stress may result in the greatest risk to CVD and that this increased “wear and tear” on the cardiovascular system over time, induced by stressful experiences that over use and dysregulate stress response pathways that is most problematic (66, 68). In addition, better quality sleep and higher levels of physical activity are also associated with a lower risk for developing CVD and better prognosis among those with established CVD (12, 69). It is through continuing longitudinal studies such as the CPAS study, and others around the world that the clinical significance of COVID-19 related stressors both in terms of proximal mental health problems and in terms of risk for more distal CVD will be better understood.

Our study has several strengths. The samples are relatively large, and included both children and parents. Our study is comprehensive in that we examine multiple domains of mental health and movement behaviours. We were further able to compare movement behaviours to nationally representative pre-pandemic data. However, several limitations should be considered. First, our sample was recruited online and appears to be more vulnerable than the general population. One example is that the rates of ADHD and ASD are much higher than would be expected in the general population. To address this, we applied sample weighting and conducted a sensitivity analysis indicating that our results are robust, both with and without the higher-risk ADHD/ASD children. Second, given that this is a cross-sectional study directionality and causality cannot be inferred and it is possible that the investigated associations are in fact, bidirectional, whereby poor mental health influences sleep, screen time and physical activity. However, population-based longitudinal research has shown that sleep difficulties appear to precede internalising difficulties in childhood, while there is more evidence of a bi-directional association between sleep and behavioural difficulties (57). Longitudinal examination of this cohort will enable further understanding of the directionality between movement behaviours and mental health. Finally, the role other important risk factors for both mental health and CVD risk, including diet and alcohol use, could not be considered as no data was collected on these constructs.

In summary, children in the current study had higher rates of sleep problems and increased weekend screen time compared to national pre-pandemic data. Parents had higher levels of sleep problems compared with pre-pandemic data, while physical activity also appeared to be higher. Poor sleep in both parents and children, and lower levels of physical activity and higher levels of weekend recreational screen time were associated with poorer mental health outcomes. Monitoring this cohort over time will be important to examine whether changes in movement behaviour are enduring or naturally improve with the easing of restrictions and whether these changes have enduring effects on either parent or child mental health, and in turn, more distal risk for psycho-cardiological disease.
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‘The following binary coded stressors (presence/absence of stressor) were summed to form a count variable (range, 0-6).
Housing insecurity, financial insecurity; job loss, new job, reduction or increases in work hours, or changes (‘redeployment’) in
employment; food shortages; and COVID-19 iliness (contracting the COVID-19 virus, hospitalisation of themselves or a family
member due to infection, and death of a family member due to the virus).

Parent measures

Mental health

Emotion
regulation

Positive affect

Physical
activity

Sleep

Depression Anxiety Stress Scale (DASS) - Symptoms of depression, anxiety and stress in the last week were assessed using the
widely used and well-validated Depression Anxiety Stress Scale-21 [DASS-21; (36-38)). The scale comprises three 7-item
subscales to measure depression (« = 0.89), anxiety ( = 0.82), and stress (« = 0.87), with items rated on a 4-point Likert scale
(0= Did not apply to me at all to 3 = Applied to me very much, or most of the time). Higher scores indicate greater symptom
severity.

Difficulties in Emotion Regulation Scale-16 Item Version - Used to assess emotion regulation in parents (¢ = 0.95). Each item is
rated on a 5-point Likert scale ranging from 1 = Almost never to & = Almost always (no time frame specified). Higher scores
indicate greater emotion regulation difficulties.

Positive and Negative Affect Schedule Short Form - A valid and reliable (39) 5-item measure whereby participants rated on a
5-point Likert scale (1 = Very Sightly or Not at All to 5 = Extremely) whether each affective state applies to them in the present
moment (e = 0.80). Higher scores indicate greater positive affect.

Parent physical activity was assessed using the LSAC physical activity item, “About how many days each week do you do at
least 80min of moderate or vigorous physical activity (ike walking briskly, riding  bike, gardening, tennis, swimming, running,
etc.?)", rated from 1 to 7 days.

Parent sleep quality was assessed using the LSAC item, “During the past month, how would you rate your sleep quality overall2”
Rated on a 4-point scale from *very good" to “very bad”. ltem responses were then dichotomised, where response options 1-2
were coded 1 (very good/good) and 3-4 were coded 2 (very bad/bad).

Child measures

Depression®

Anety®

Iritabiity

Physical

activity

Sleep

Screen time

Short Mood and Feelings Questionnaire (SMFQ) - 13-item measure of child depression symptoms with items rated on a 3-point
Likert scale (1 = Not true to 3 = True) (overall o« = 0.87; children 6 years and above, « = 0.88; children <6 years, « = 0.79).
Higher scores indicate greater depression symptoms.

Modified Brief Spence Children's Anxiety Scale ~ 4-items assessing symptoms of anxiety (a = 0.77). Parents rated on a 4-point
Likert scale (‘never” to “always") how frequently their chid had experienced symptoms in the last 2 weeks. Higher scores
indicate greater anxiety symptoms.

1 item, adapted from the CoRonavirus Health Impact Survey (CRISIS) (35), which asked, “During the past 2 weeks, how irftable
or easlly angered has your child been?” Parents rated this item on a 5-point Likert scale, ranging from *Not at all” to “Extremely,”
with higher scores indicating greater child initability.

Assessed via 1 item, adapted from LSAC, which asked parents, “About how many days each week did your child do at least
30min of moderate or vigorous physical activity (ike walking briskly, riding a bike, gardening, tennis, swimming, running, etc.?)”
Parents provided a rating ranging from 0 to 7 days.

Sleep pattern was assessed using the LSAC item, “How much is your child's sleeping pattern or habits a problem for you?”
rated on a 4-point scale (“not at all a problem” to “a large problem”). Responses dichotomised, where response options 1-2
were coded 1 (not a problemy/small problem) and response options 3-4 were coded 2 (moderate problem/large problem) as per
previous research (40, 41). Child sleep regularity was assessed using the LSAC item, “Does the study child go to bed at regular
times?" Parents rated this item on a 5-point scale, ranging from “never” to “always.” Item responses were then dichotomised,
where response options 1-3 (never/rarely/sometimes) were coded 1 and response options 4-5 (usually/always) were coded 2,
with higher scores representing a more regular bedtime.

Two items from LSAC, which asked how many hours on a typical (tem 1) weekday and (item 2) weskend day did their child use
media devices at home for non-educational purposes. Each item was rated on a sliding scale from 1 to 24 hours and provided a
measure of weekday screen time and weekend day screen time (hours per day).

CPAS

LSAC

CPAS, COVID-19 Pandemic Adjustment Survey; LSAC, Longitudinal Study of Australian Children.
aMeasured only in children aged >2 years of age.
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Participant characteristic? CPAS LSAC-B LSAC-K

(Time 1, 2020) (Wave 1, 2004) (Wave 3, 2008)
Parent age, m(sd) 38.30 (7.07) 31.0(651) 39.1(5.40)
Child age, m(sd) 866 (5.14) 8.26(0.44)
Parent gender
Cisgender men 19.2% 1.5% 4.3%
Gisgender women 80.7% 98.6% 95.8%
Transgender or non-binary <1.00% NA NA
Child gender
Cisgender boy 50.9% 51.1% 51.1%
Gisgender gir 48.7% 48.9% 49.0%
Transgender or non-binary <1.0% NA NA
Aboriginal or Torres Strait Islander 2.1% NA NA
Language other than English 45% 14.4% 13.7%
Parent born overseas 17.9% 18.6% 20.4%
Low household income® 14.0% NA NA
Receiving government benefit 58% NA NA
Did not complete high school 9.4% 33.3% 39.1%
Single parent household 10.9% 95% 29.3%
Geographic location
Major cities of Australia 69.8% NA NA
Inner regional Australia 23.2% NA NA
Outer regional Australia 6.1% NA NA
Remote Australia 1.0% 43% 37%
Number of children
1 child 28.4% 39.5% 8.2%
2 children 46.1% 36.7% 44.2%
3 children 18.2% 16.1% 31.3%
4 or more children 53% 76% 16.4%
Parent mental or physical health condition 56.1% NA NA
Child neurodevelopmental condition
Attention-deficit/hyperactivity disorder 73% NA NA
Autism spectrum disorder 86% NA NA
COVID-19 related factors
Deprivation index, misd) 0.38(0.95) NA NA
Child home while working 49.64% NA NA
Parent reported CVD 0.9% NA NA

m(sd), Mean (standard deviation), data are unweighted; NA, not applicable.
“Data collected 8th—28th April 2020, data are multiply imputed and thus n cannot be presented for each characteristic.
852,000 or less per year.
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