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Abstract: This study examined pre-pandemic (2017-early March 2020) to early-pandemic (Spring 2020)
changes in moderate-to-vigorous PA (MVPA), light PA (LPA), and sedentary behavior/sleep (SS), by
weekday/weekend, and age (preschool, elementary, middle school). We re-enrolled children from two
pre-pandemic obesity prevention trials and examined differences in accelerometer-measured PA from
pre-pandemic to early-pandemic across age groups using linear mixed models. Children (n = 75) were
51% multiple race/ethnicities, 29% preschool, 28% elementary, 43% middle school, 65% suburban,
21% rural, and 13% urban. Pre-pandemic to early-pandemic changes in weekday MVPA (p = 0.006),
LPA (p = 0.018), and SS (p = 0.003) differed by age. On weekdays, middle schoolers’ MVPA decreased
15.36 min/day (p = 0.002) and SS increased 94.36 min/day (p < 0.001) with non-significant changes
among preschoolers and elementary schoolers. Compared to elementary schoolers, middle schoolers’
changes in weekday MVPA (b = −16.34, p = 0.036) and SS (b = 63.28, p = 0.039) significantly differed.
Declines in weekday MVPA and increases in SS among middle schoolers suggest that, compared
with younger children, middle schoolers are dependent on school and recreational facilities for PA,
and in their absence engage in more sedentary activities and sleep.

Keywords: COVID-19; physical activity; children

1. Introduction

Spring 2020 pandemic-control policies in a mid-Atlantic state in the U.S. included
school and recreation facility closures that began 12 March 2020. From this time through the
end of the school year, school-age children and adolescents attended virtual school from
home and preschoolers were home without a virtual option. These restrictions reduced
children’s access to school-based opportunities for physical activity (PA) including physical
education, recess, active transportation to and from school, or other PA opportunities
during the school day. Based on U.S. pre-pandemic data, 76% of children do not meet the
nationally recommended 60 min of daily moderate to vigorous PA (MVPA) [1]. Given the
harm of high sedentary behaviors [2] and benefits of PA on children’s fitness and motor
competence development [3], the lack of instructions and opportunities to engage in PA
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due to pandemic-related restrictions could have deleterious effects on children’s fitness
and motor competence during the pandemic, with lasting consequences into the future.

Pandemic-related PA changes measured through surveys have shown inconsistent re-
sults. One review, based primarily on caregiver report, found that preschool and school-age
children’s time in MVPA decreased due to pandemic-related social isolation [4]. How-
ever, a study from Ireland among adolescent girls found no significant change in youth-
reported PA [5]. In contrast, studies using accelerometry have shown declines in PA
related to the pandemic. A study from Spain with four to six-year-old preschoolers found
mean pandemic-related PA declines of 43 min/day and sedentary behavior increases of
50 min/day [6]. Likewise, a study from Holland among children aged 7–12 years found
mean pandemic-related increases of 45 min/day in sedentary time and decreases from 64%
to 20% in the percentage of children who met the recommended PA levels of 60 min/day [7].
A study from the U.S. examined 231 children aged 7–12 years and found that light PA
and MVPA decreased by 69 and 8 min respectively, while sedentary behavior increased by
79 min and sleep increased by 17 min [8].

Most studies of pandemic-related changes in PA have not examined weekday versus
weekend differences. The ‘structured days hypothesis’ suggests that days with inten-
tional, pre-planned activities outside the home, with defined start/end times, support
health-promoting behaviors since time filled with favorable activities cannot be filled
with unfavorable activities, based on the filled-time perspective [9]. Unstructured days
may allow children to choose sedentary pursuits over PA in the absence of pre-planned
opportunities, and there is less regulation/restriction which may allow for increased seden-
tary/screen time. This hypothesis can be applied to the onset of the pandemic when
children experienced a series of unstructured days (similar to weekend days). Given this,
we sought to examine pre- to early-pandemic differences in PA separately for weekdays
and weekends, hypothesizing a greater change in PA for weekdays versus weekends.

Several factors may be associated with changes in PA following the onset of pandemic
control polices for children. Prior to the pandemic, age differences in activity were consis-
tently documented such that preschool-aged children were more physically active outside
of school than older children [10] and PA declines were commonly observed during the
transition from childhood to adolescence [11]. Based on data from over 24,000 children
aged 5 to 18 years in the International Children’s Accelerometry Database, objectively-
measured vigorous physical activity declined 6.9% for every year of age, representing a
reduction of 7.8 min per year [12]. These studies suggest that long term school closures
could lead to a larger gap in PA by age. Other demographic factors, including sex, race,
socioeconomic status, weight status, and geographic locale (i.e., urban, suburban, rural)
have been associated with children’s PA prior to the pandemic [13–15] and may be related
to pandemic-related changes in PA. Furthermore, pre-pandemic PA has been shown to be
related to PA during the pandemic among adults [16], which warrants investigating this
factor in children.

The purpose of this study was to examine pre-pandemic (2017–early March 2020) to
early-pandemic (5/2020–7/2020) changes in MVPA, light intensity PA (LPA), and sedentary
behavior/sleep (SS), by weekday/weekend and age (preschool, elementary, and middle
school). Guided by the structured days hypothesis that structured school-based activities
support PA, with children more active on weekdays than weekends [9,17], we hypothesized
weekday PA would decrease and weekend PA would not change following implementation
of pandemic-control policies. We also explored if MVPA, LPA, and SS changes differed by
age and pre-pandemic MVPA.

2. Materials and Methods
2.1. Participants

Children from two statewide childhood obesity prevention intervention trials, Creat-
ing Healthy Habits Among Maryland Preschoolers (CHAMP) and Wellness Champions
for Change (WCC), were recruited and re-enrolled in the COVID-19 Family Study (an
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observational cohort of children and their families followed during the pandemic) [18,19].
Both trials aimed to improve child diet and PA and enrolled three cohorts over three aca-
demic years (2017, 2018, 2019) with pre-pandemic data collected from 10/2017 to early
3/2020, prior to pandemic-related closures. The CHAMP and WCC studies took place in
54 childcare centers and 33 schools (18 elementary and 15 middle) serving diverse commu-
nities, in thirteen counties across Maryland. Childcare centers were eligible if they accepted
childcare vouchers, participated in the Child and Adult Care Food Assistance Program,
or cost less than $300/week per child. Elementary and middle schools were eligible if
>40% of the student body was eligible for free or reduced-price school meals. Children
with pre-pandemic survey data were eligible to participate in the COVID-19 study. Proto-
cols for CHAMP (HP-00065933), WCC (HP-00067626) and COVID-19 (HP-00090906) were
approved by the University of Maryland School of Medicine Institutional Review Board.
Caregivers provided written informed consent for the original studies and re-consented for
the COVID-19 study. Children provided assent.

Of 583 children who re-enrolled in the COVID-19 study, 483 children had pre-pandemic
survey and accelerometer data. We used stratified randomization by age, gender, and
school locale to identify 131 children to participate in the accelerometer sub-study. Of the
131 mailed accelerometers, 103 were returned, and 75 had at least one 24-h day of valid PA
data and were included in the analysis (see Figure 1). Participant (n = 75) pre-pandemic
characteristics were 63% female, 49% white, 33% black/African American, 15% mixed race,
1% Asian, 39% overweight/obese, 65% suburban, 21% rural, and 13% urban. In Spring
2020, 22 were preschoolers (3–5 years), 21 elementary schoolers (6–10 years), and 32 middle
schoolers (11–14 years).
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2.2. Data Collection and Measures
2.2.1. Physical Activity

Physical activity data were collected at two timepoints. Baseline data were collected
from 10/2017 to early 3/2020, prior to pandemic-related closures (referred to as “pre-
pandemic” henceforth). Follow-up data were collected from 5/2020–7/2020 during the
first wave of the pandemic (“early-pandemic” henceforth).

At pre-pandemic, study staff placed the accelerometers on the children’s non-dominant
ankle. During early-pandemic, we e-mailed a video that illustrated the proper placement
of the accelerometer. We mailed an accelerometer (Actical, formerly Minimitter Co., Philips
Respironics, Bend, OR, USA), instructions to wear the accelerometer for seven days without
removal, and a pre-paid return envelope to caregivers who placed the accelerometers on
their child’s non-dominant ankle and returned the accelerometers to study staff. Data,
downloaded with Actical software (version 2.12) (Philips Respironics, Bend, OR, USA),
included average minutes of MVPA, LPA, and SS using thresholds validated among ado-
lescents [20] and toddlers [21], which have been previously used with preschool-aged
children [22].

2.2.2. Covariates

Caregivers reported the children’s demographics via an online or paper survey at
pre-pandemic. Variables included gender, age, race/ethnicity, and socioeconomic status
(SES; determined by federal poverty levels). We collected school locale data (i.e., rural,
suburban, urban) from the National Center for Education Statistics or school websites.
Children’s BMI (kg/m2) was calculated from height and weight measurements collected
by research assistants at baseline. BMI-for-age percentiles were further categorized into
categories of weight status (underweight: <5th percentile; healthy weight: 5th to >85th
percentile; overweight: 85th to >95th percentile; obese: ≥95th percentile) [23].

2.3. Statistical Analysis

For descriptive statistics, means and standard deviations were calculated for contin-
uous variables and frequencies were calculated for categorical variables. Independent
samples t-tests and chi-square tests tested differences between participants with usable
data (n = 75) and participants who were sent an accelerometer, but did not have usable
data (n = 56). We used separate linear mixed models with a random intercept to account
for repeated measures to explore pre-pandemic to early-pandemic changes in weekday
and weekend MVPA, LPA, and SS. In each model we included interaction terms between
time point (pre-pandemic/early pandemic) and age category, and pre-pandemic minutes
of MVPA to examine if changes in MVPA, LPA, or SS differed by these characteristics.
Models were adjusted for sex, race, weight status, locale, SES, intervention status (whether
participants were in the control or intervention group in the original trial), season of ac-
celerometry measurement (i.e., defined as same or different season compared to season at
pre-pandemic data collection), and follow-up time (time in years between pre-pandemic
and early pandemic measurements). Data were analyzed using SPSS version 27 (IBM Corp,
Armonk, NY, USA), Stata version 17 (Stata Corp, College Station, TX, USA), and R version
4.0.3. (R Core Team, Vienna, Austria).

3. Results

Based on independent samples t-tests and chi-square tests, excluded participants
(n = 56) were more likely to be male (p = 0.007), but there were no other significant
differences between included (n = 75) and excluded (n = 56) participants based on race
(p = 0.179), age (p = 0.450), locale (p = 0.194), weight status (p = 0.410), or SES (p = 0.058).
Weekday and weekend MVPA, LPA, and SS had skewness and kurtosis scores within ±1,
indicating that they did not deviate from normal distribution [24].

Figure 2 shows changes from pre-pandemic to early-pandemic in raw minutes of
weekday and weekend MVPA, LPA, and SS by age group. For weekday MVPA, preschool-
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ers increased by 8.5 min per day, elementary schoolers increased by 1 min per day, and
middle schoolers decreased by 15 min per day. For light PA, preschoolers showed little
change, while elementary and middle schoolers decreased by 32 and 73 min respectively.
Finally, preschoolers decreased by 9 min per day in SS, while elementary and middle
schoolers increased by 31 and 88 min respectively. For weekend MVPA, both preschoolers
and elementary schoolers increased by 30 and 17 min per day respectively, while middle
schoolers showed a slight decrease. For light PA, preschoolers increased by 28 min per
day, while elementary and middle schoolers both decreased by 59 and 51 min per day
respectively. Finally, for SS, preschoolers decreased by 59 min per day while elementary
and middle schoolers increased by 41 and 53 min per day.
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Figure 2. Raw mean change in weekday and weekend accelerometer-measured physical activity
(n = 75) from pre-pandemic (2017–2019) to early-pandemic (Spring 2020) by age group (preschool
[n = 22]; elementary [n = 21]; middle [n = 32]), as determined by age at pre-pandemic. p-values
indicate significant age-by-time interactions from linear mixed models.

3.1. Modeled Changes in Weekday MVPA, LPA, and SS

Table 1 shows results of the linear mixed models for weekday MVPA, LPA, and SS.
A significant age-by-time interaction for weekday MVPA (p = 0.006), LPA (p = 0.018), and
SS (p = 0.003) demonstrated that changes differed by age. Middle schoolers decreased
15.36 min/day in MVPA (p = 0.002), decreased 79.05 min/day in LPA (p < 0.001), and
increased 94.36 min/day in SS (p < 0.001). Compared to elementary schoolers, middle
schoolers’ changes in weekday MVPA (b = −16.34, p = 0.036) and SS (b = 63.28, p = 0.039) sig-
nificantly differed. Changes in MVPA, LPA, and SS were nonsignificant among preschoolers
and elementary schoolers, as shown in Table 1.
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Table 1. Results of mixed model analyses for weekday MVPA, LPA, and SS (n = 74).

Model #1:
Weekday MVPA

Model #2:
Weekday LPA

Model #3:
Weekday SS

Estimated Change in PA over
Time by Age Group M (SE) p-Value M (SE) p-Value M (SE) p-Value

Elementary schoolers 0.98 (5.74) 0.863 −32.07 (20.93) 0.130 31.08 (22.62) 0.173
Preschoolers 8.53 (5.61) 0.128 0.47 (20.45) 0.981 −9.00 (22.09) 0.683

Middle schoolers −15.36 (5.03) 0.002 ** −79.05 (18.37) 0.001 ** 94.36 (19.87) 0.001 **

Estimated Difference in
Change in PA over Time

(Ref: Elementary Schoolers)
b p-Value b p-Value b p-Value

Preschoolers 7.55 0.350 32.54 0.270 −40.09 0.209
Middle schoolers −16.34 0.036 * −46.98 0.096 63.28 0.039 *

Note. Weekday MVPA, LPA, and SS as dependent continuous variables. * p < 0.05, ** p < 0.01. Adjusted for gender,
race, SES, weight status, locale, intervention status, time since pre-pandemic measurement, and season (i.e.,
defined as same or different season compared to season at pre-pandemic data collection). Age groups: 3–5 years
(n = 22); 6–10 years (n = 21); 11–15 years (n = 32). Means of changes in PA from pre-pandemic to early-pandemic
are estimated based on models.

3.2. Modeled Changes in Weekend MVPA, LPA, and SS

Table 2 shows results of the linear mixed models for weekend MVPA, LPA, and
SS. A significant age-by-time interaction for weekend MVPA (p = 0.015), LPA (p = 0.010),
and SS (p = 0.002) demonstrated that changes differed by age. Preschoolers increased
18.11 min/day in MVPA (p = 0.030) and decreased 58.63 min/day in SS (p = 0.007). Elemen-
tary schoolers increased 30.08 min/day in MVPA (p = 0.007) and decreased 57.47 min/day
in LPA (p = 0.008). Middle schoolers decreased 35.84 min/day in LPA (p = 0.050). Com-
pared to elementary schoolers, changes in preschoolers’ LPA (b = 85.96, p = 0.004) and SS
(b = −97.54, p = 0.004) significantly differed.

Table 2. Results of mixed model analyses for weekend MVPA, LPA, and SS (n = 68).

Model #4:
Weekend MVPA

Model #5:
Weekend LPA

Model #6:
Weekend SS

Estimated Change in PA over
Time by Age Group M (SE) p-Value M (SE) p-Value M (SE) p-Value

Elementary schoolers 30.08 (7.63) 0.007 ** −57.47 (21.57) 0.008 ** 38.91 (23.85) 0.103
Preschoolers 18.11 (8.35) 0.030 * 28.49 (19.70) 0.148 −58.63 (21.77) 0.007 **

Middle schoolers −0.69 (7.08) 0.923 −35.84 (18.29) 0.050 * 36.39 (20.22) 0.071

Estimated Difference in
Change in PA over Time

(Ref: Elementary Schoolers)
b p-Value b p-Value b p-Value

Preschoolers 11.97 0.294 85.96 0.004 ** −97.54 0.004 **
Middle schoolers −18.80 0.090 21.64 0.446 −2.52 0.081

Note. Weekend MVPA, LPA, and SS as dependent continuous variables. * p < 0.05, ** p < 0.01. Adjusted for gender,
race, SES, weight status, locale, intervention status, time since pre-pandemic measurement, and season (i.e.,
defined as same or different season compared to season at pre-pandemic data collection). Age groups: 3–5 years
(n = 22); 6–10 years (n = 21); 11–15 years (n = 32). Means of changes in PA from pre-pandemic to early-pandemic
are estimated based on models.

There were no moderating effects of baseline MVPA on any outcomes.

4. Discussion

This study found that pre-pandemic to early-pandemic changes in children’s PA
behaviors differed by age groups. Hypothesized declines in weekday MVPA and increases
in weekday SS following pandemic-control policies occurred among middle schoolers, but
not preschoolers or elementary schoolers.
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Different responses to pandemic-control policies may be related to age differences
in motor competencies and structure. Middle schoolers’ declines in weekday MVPA and
increases in SS were significantly different from elementary schoolers, suggesting that they
were more dependent on schools and recreational facilities for structured and organized
PA opportunities (e.g., physical education, sports) than elementary schoolers. In contrast,
preschoolers’ PA often includes unstructured activities, with relatively few opportunities for
organized PA [25]. Thus, preschoolers and school-age children responded differently in the
absence of structured school days, making the ‘structured days hypothesis’ more applicable
to elementary and middle school children [9]. Furthermore, weekday LPA significantly
decreased among middle schoolers and weekend LPA significantly decreased among
elementary and middle schoolers. Since LPA may be important for students’ academic
outcomes [26], future research should seek to improve elementary and middle school
students’ LPA when not in school settings. Alternatively, preschoolers’ LPA changes were
not significant, but their weekday LPA remained about the same, which is in line with
another study that found no change in preschoolers’ LPA from pre- to early-pandemic [27].

The age-related pattern of change was similar for weekends, with preschoolers decreas-
ing in SS, while older children increased. Since sedentary behavior is negatively associated
with motor competence, particularly among elementary schoolers [2], it is important to
ensure increases in SS are buffered against so that children remain active as they mature.
Perhaps elementary and middle schoolers were sleeping more during the pandemic, as
has been reported in at least one study [8]. Another study from Germany also found that
the pandemic had stronger negative effects on adolescents’ PA than younger children [28].
Furthermore, declines in PA and increases in SS could be due to the well-documented
changes in PA as children get older [10]. Contrary to previous studies [16,29], pre-pandemic
PA was unrelated to PA changes, suggesting that children of all PA levels experienced
early-pandemic-related changes.

A strength of this study is the use of objective measures to measure changes in PA
from pre-pandemic to early-pandemic. This study was limited by the small sample size,
which may limit generalizability; however, the subset was identified by pre-determined
criteria to maximize demographic variability by age, sex, and locale. Furthermore, given
the small sample size, the results must be interpreted with caution since adjusting for
many factors can result in a loss of precision. Future research should examine changes in
PA before to after the pandemic with a larger sample size. Additionally, the use of 24-h
accelerometry led to the merging of sedentary behavior and sleep since we are not aware
of an algorithm to extrapolate sleep from sedentary time for these age groups or device.
A recent study was able to differentiate between sedentary behavior and sleep, finding
that both sedentary behavior and sleep increased during the early pandemic (compared to
pre-pandemic) among elementary school-aged children [8]. Additional research is needed
to specifically understand the impact of pandemic control policies on weekday/weekend
patterns of sleep, including sleep onset, duration, quality, etc. in addition to sedentary
behaviors among children of different ages.

5. Conclusions

Overall, this study showed that structured activities offered by schools promote PA
and may serve as protection against obesogenic behaviors such as the sedentariness we
found, especially among middle schoolers [9]. As pandemic control policies evolve, efforts
are needed to address declines in MVPA, (e.g., providing at-home family PA opportuni-
ties) particularly among middle schoolers, as PA patterns established in childhood are
likely to continue into adulthood [30]. Findings confirm previous studies of children’s
objectively measured PA during the COVID-19 pandemic [6,7] and highlight the well-
documented differences in PA during structured and unstructured times and by age during
non-pandemic conditions [9]. Future COVID-19 PA research should consider PA patterns
by weekday/weekend and child age as these were important factors among children in
this study.
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