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Abstract: In the wake of the COVID-19 pandemic, social restrictions to contain the spread of the
virus have disrupted behaviors across the 24-h day including physical activity, sedentary behavior,
and sleep among children (5–12 years old) and adolescents (13–17 years old). Preliminary evidence
reports significant decreases in physical activity, increases in sedentary behavior, and disrupted
sleep schedules/sleep quality in children and adolescents. This commentary discusses the impact
of COVID-19-related restrictions on behaviors across the 24-h day in children and adolescents.
Furthermore, we suggest recommendations through the lens of a socio-ecological model to provide
strategies for lasting behavior change to insure the health and well-being of children and adolescents
during the COVID-19 pandemic.
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1. Introduction
The Coronavirus Disease 2019 (COVID-19) pandemic has infected millions worldwide [1,2] and
impacted many more. By the end of April 2020, an estimated 1.5 billion children (age 5–12 years old)
and adolescents (age 13–17 years old) transitioned to remote learning following school closures [3].
The school closures, coupled with additional socio-behavioral adaptations (e.g., social distancing,
quarantining, etc.), are impacting the lifestyle activities of children and adolescents across the 24-h
day. Of concern, preliminary evidence suggests social restrictions needed to reduce the spread of
COVID-19 have increased engagement in sedentary behavior [4,5], disrupted sleep patterns [6,7], and
decreased opportunities for children and adolescents to engage in physical activity [8–10]. These
behaviors are detrimental to long-term cardiometabolic and psychological health outcomes in the
general population [11], and it is possible that such behaviors will develop into long-term poor health
outcomes in children and adolescents [12]. These changes in lifestyle behaviors, which are at least
partly attributable to changes in the socio-cultural and physical environments, can be contextualized
using the socio-ecological model.
The socio-ecological model for behavior change provides a framework that recognizes an individual
within the context of their environment [13] and is useful in contextualizing strategies for healthy
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levels than rural environments [8]. It is likely that rural environments allowed for more outdoor
space for physical activity while abiding by social distancing measures. Given the strong associations
between physical activity and indicators of good health in children and adolescents [17], it is vital to
alter the current emerging “new normal” of severely decreased physical activity during the COVID-19
pandemic. Although evidence is preliminary, no end to the COVID-19 pandemic is in sight. As such,
interventional recommendations to modify the current trajectory of physical activity in children and
adolescents are needed to maintain health and prevent potential future health consequences.
3. COVID-19 and Increased Sedentary Behavior
Sedentary behavior is an established independent risk factor for cardiometabolic disease in
adults [23], and similar findings are emerging in children and adolescents [12]. It is important to
consider that even those who meet physical activity guidelines may not be protected against the
health detriments of engaging in excessive sedentary behavior [24,25]. Sedentary behavior guidelines
recommend ≤2 h of recreational screen time per day for 5–17-year-olds [18,19]; however, nearly
half of North American children (age 6–11 years old) spent more than 2 h per day engaging in
sedentary behavior via screen time (e.g., watching TV, playing video games, scrolling through social
media) before the COVID-19 pandemic [26]. Preliminary evidence since the onset of the COVID-19
pandemic-related quarantine measures have demonstrated sizeable (20–66%) increases in screen time
consumption [22,27]. A survey of 2427 Chinese children and adolescents (6–17 years old) reported
considerable increases in leisure screen time when evaluated before (January 2020) and after (March
2020) the COVID-19 pandemic lockdown, with an approximate 30 h/week increase in total screen time
and a concerning 23.6% increase in total screen time consumed in long (≥2 h/day) bouts [27]. Another
study which surveyed 211 American parents of 5–13-year-olds reported 90 min of sitting related to
remote learning/online school activities and ≥8 h of sitting for leisure activities per day [28], suggesting
online/remote learning may not be the most significant contributor to sedentary behavior in children
and adolescents during the COVID-19 pandemic.
Guerrero et al. generated profiles of children and adolescents (5–17 years old) that were more or
less likely to meet recommended sedentary guidelines during the COVID-19 pandemic and determined
the most predictive factor was the perceived capability of parents to restrict their children’s screen
time [10]. Interestingly, adherence to sedentary guidelines was highest among parents of boys and
lowest among children whose parents did not report high perceived capability in restricting screen
time [10]. The preliminary evidence reports a daunting increase in leisure-time screen time consumption
in children and adolescents during the COVID-19 pandemic. Considerations for interventions should
target the child/adolescent and parent/guardian as two separate factors, as the parent’s role in enforcing
boundaries with screen time appears to be a critical factor influencing the child’s likelihood of meeting
recommended sedentary behavior guidelines. Similar to physical activity, the parental circumstances
likely influence the amount of screen time the child is consuming. For example, a full-time caregiver
living in a rural environment (lots of outdoor space for socially distant physical activity) is potentially
more able to entertain their child with non-sedentary behavior than a full-time working single parent
living in a small apartment in an urban environment.
4. COVID-19 and Sleep
Sleep disturbances can have a major impact on attention span, emotional health, immune
function, and academic performance [7,29]. For 5–17-year-olds, 9–11 h of uninterrupted sleep are
recommended [18,19]. Insufficient sleep increases cardiometabolic disease risk in both children and
adolescents [29,30] and results in anxiety or mood swings, which may be exacerbated by poor mental
health during the COVID-19 pandemic [31,32]. Moore et al. reported children were sleeping more
hours during a 24-h period (including naps) than they had been prior to the COVID-19 pandemic,
according to parental ratings on a Likert scale [9]. Similarly, Pietrobelli et al. found that sleep increased
by 0.65 h per day during lockdown among Italian children compared to early 2019 [20]. This small
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increase could be explained by the absence of commuting to school, affording children more time to
sleep in later. Another study reported “trouble falling or staying asleep or sleeping too much” in about
40% of Chinese adolescents [33]. Additionally, reports of unscheduled sleep during the COVID-19
pandemic (i.e., no set bedtime or wake time) have been reported in children and adolescents [34]. With
more flexible schedules due to COVID-19-related quarantine measures, children and adolescents may
be sleeping more (closer to achieving recommended guidelines for sleep). However, sleep quality
and sleep schedules have not been studied within the context of the COVID-19 pandemic in children
and adolescents. Furthermore, we can infer circadian changes associated with seasonal weight gain
(summer break from school displays accelerated weight gain in children pre-COVID-19) [35] may be
exacerbated by COVID-19-related measures.
The accelerated rate at which children gain weight during the summer (time off from school)
has recently been explained via the “Structured Days Hypothesis.” This hypothesis suggests that
changes in environmental structure (i.e., less structure on non-school days) results in behavior changes
which contribute to weight gain [36]. However, the interdependence of social demands, parenting
practice/family routine, and circadian clocks are potentially all sources of misalignment, which may
contribute to childhood obesity [37]. The myriad of stressors brought on by the COVID-19 pandemic
(e.g., major changes in routine) has likely impacted sleeping behaviors and delayed sleep timing. A
shift towards ‘eveningness’ (i.e., later bedtime and later wake time) is associated with poor health
behaviors and lower physical activity in adolescents [38]. Furthermore, later sleep timing minimizes
opportunities for morning light exposure or morning exercise (both good for stabilizing circadian
timing) [39] and staying up late (with or without screen time) tends to augment further delays in
circadian timing [40,41]. The circadian system is largely driven by light exposure during daytime
hours [42]. The suprachiasmatic nucleus in the hypothalamus, the central circadian clock that
orchestrates the timing of numerous physiological rhythms within the body, is stimulated when the
retina processes visible light wavelengths [43]. This regulation is subject to disruption by conditions
created by COVID-19-related restrictions: sunlight exposure needed for circadian regulation may
be curtailed, since outdoor activities and sports have dramatically decreased [10,20]. There is likely
a negative interaction of increased sedentary behavior/screen time and poor sleep via circadian
disruption [44]. In particular, blue light exposure from device screens near bedtime can suppress
melatonin release [45]. While social jetlag (the discrepancy between sleep/wake patterns on school
nights vs. weekend nights) has potentially lessened during COVID-19 due to increased schedule
flexibility [46], there is a need for parental establishment of structured routine (earlier bed time/wake
time) to protect against obesogenic behaviors and subsequent negative health outcomes [47] associated
with delayed sleep timing.
5. Intervening with a Socio-Ecological Model: Recommendations and Considerations
Emerging evidence in the wake of the COVID-19 pandemic indicates that the number of children
and adolescents meeting guidelines for physical activity and sedentary behavior is declining [10].
Additionally, sleep timing has shifted to later in the evening, and sleep quality is poorer [33,34].
Recommendations through the lens of the socio-ecological model for each behavior (physical activity,
sedentary behavior, and sleep) across the 24-h day are provided (Figure 2).
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Public health messages regarding the importance of sleep schedules and sleep quality for
children and adolescents should be disseminated at the policy level (e.g., radio ads, TV messages, or
newsletters from school). On the physical environment level sunlight exposure during daytime hours
should be encouraged by parents/guardians, bedtimes/waketimes should be established (and not
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current public
public health
health problems
problems of
of low
low levels
and high
of sedentary
current
levels of
of physical
physical activity
activity and
high prevalence
prevalence of
sedentary
behaviors
in
children
and
adolescents
[50].
Considering
much
of
the
current
literature
is
comprised
of
behaviors in children and adolescents [50]. Considering much of the current literature is comprised
survey
data
or
commentary
discussion
at
this
time,
more
research
examining
lifestyle
changes
with
of survey data or commentary discussion at this time, more research examining lifestyle changes with
objective measures
measures such
such as
as accelerometry
In particular,
particular, since
since this
this global
global health
crisis
objective
accelerometry are
are warranted.
warranted. In
health crisis
will
likely
continue
into
2021,
there
is
a
critical
need
to
consider
the
interactions
between
COVID-19
and
will likely continue into 2021, there is a critical need to consider the interactions between COVID-19

and lifestyle activities across the 24-h day in children and adolescents [51]. Such research is needed
to guide the many parents/guardians looking for guidance with the continuance of remote or hybrid
(some in-person instruction) learning. One approach for considering these interactions is the socioecological model. Using this model, policymakers, educators, parents/guardians, healthcare
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lifestyle activities across the 24-h day in children and adolescents [51]. Such research is needed to guide
the many parents/guardians looking for guidance with the continuance of remote or hybrid (some
in-person instruction) learning. One approach for considering these interactions is the socio-ecological
model. Using this model, policymakers, educators, parents/guardians, healthcare providers, and
community organizations can identify and implement simple, enjoyable, and creative strategies to
increase physical activity, decrease sedentary behavior, and promote optimal sleep in order to preserve
health in children and adolescents during the COVID-19 pandemic.
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B.B.G., C.E.K. and L.S. All authors have read and agreed to the published version of the manuscript.
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