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Summary

Background: The COVID-19 pandemic led to school closures, potentially impairing
children's behaviours and health. We aimed to explore the effects of school closure
on lifestyle behaviours (dietary habits, physical activity) and health outcomes (adipos-
ity, fitness, self-esteem, self-concept) in children.

Methods: We measured 247 children before school closure (October-November
2019) and after school reopening (October-November 2021) (COVID-19 group). To
distinguish the changes due to school closure from changes due to growth, we
included 655 age-matched children with cross-sectional measurements in October-
November 2019 (control group). The response of this group (i.e., differences between
children with 2 years of difference) was considered the expected response to growth.
Two-way ANOVA was used to test age-by-group interactions, indicating an effect of
school closure.

Results: In 7-to-9-year-old children, the COVID-19 group had larger-than-expected
decreases in physical activity (by 0.4 points), resulting in higher physical inactivity
prevalence (by 19 percent points) at 9 years. This was accompanied by larger-than-
expected increases in fat percentage (by 6.1 percent point). In 8-to-10-year-old chil-
dren, the COVID-19 group had higher physical inactivity prevalence at 10 years (by
20 percent points). This was accompanied by larger-than-expected increases in fat
percentage (by 8.3 percent points), z-score BMI (by 0.90 units), and waist circumfer-
ence (by 6.1 cm). In 9-to-11-year-old children, the COVID-19 group had larger-than-
expected decreases in physical activity (by 0.3 points) and increases in self-concept
(by 0.2 points). The response in dietary habits, fitness, or self-esteem was not differ-
ent between groups.

Conclusion: Overall, school closure negatively impacted physical activity and adipos-

ity, particularly in the youngest children.
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1 | INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) was declared a pandemic
by the World Health Organization in March 2020. To mitigate the
virus spread, authorities worldwide implemented several measures
including school closures. In Chile, schools closed in March 2020* and
remained closed throughout 2020, with the classes being held virtu-
ally. Moreover, there were several restrictions on outdoor activities,
including designated times for physical activities, the closure of sports
and recreational facilities and the inability to use playgrounds.? These
mobility restrictions inevitably changed children's routines, which
could have disrupted their habits and potentially harmed their health.
After intermittent closing/reopening cycles, the definitive school
reopening occurred in September 2021.1 Data from before the pan-
demic showed that when children were out of school the risk of obe-
sity increased (e.g., during summer vacations), probably due to
changes in lifestyle behaviours. Nevertheless, whether the increased
obesity risk results from changes in sleep patterns, energy intake,
physical activity or a combination of them is unknown.® Therefore, a
great interest emerged in assessing the effects of the school closure
during the pandemic on lifestyle behaviours and health outcomes in
this population.

Several studies collected retrospective data in which parents
reported the change in the lifestyle habits of their children during the
pandemic. Using this design, several studies showed increases in
the intake of unhealthy foods,*> with some reports indicating a two-
fold and sixfold increase in the consumption of sugary drinks and
potato chips, respectively.® These results were consistent with the
stressful experience that the pandemic represented, as stress has
been associated with increased consumption of ‘comfort foods’ high
in sugar and fat.° Reports on healthy food consumption during the
pandemic are mixed. One study reported improvements, with a 50%-
80% increase in the consumption of fruits, vegetables and milk.” In
contrast, another study reported that only 23% of children and ado-
lescents engaged in healthy eating habits.® Regarding changes in phys-
ical activity, studies reported that between 36% and 64% of parents
indicated that their children were less active during the pandemic
compared with before the pandemic.?"22 When physical activity was
measured objectively, the decrease in physical activity ranged from
45 to 90 min per day.””*? These observations probably result from
the cancellation of organized and free physical activities inside and
outside school, along with the closure of parks and other spaces,
which reduced the possibilities for children to engage in physical
activity.?® In Chile, as schools started to reopen, the government
issued guidelines on physical distancing inside the school. These
guidelines included alternating schoolyard use during breaks, holding
physical education classes in open spaces, avoiding shared equipment
and minimizing physical contact among students.’* This situation
potentially worsened the high prevalence of physical inactivity among
children?® and may have also impaired physical fitness, at least during
the more critical period of the pandemic.t®

The changes in lifestyle behaviours during the pandemic could

impair relevant health outcomes. Accordingly, during the early stage

of the pandemic, several studies worldwide reported an increase in
body weight and BMI in children and adolescents. A systematic
review with meta-analysis found an average weight increase of
2.67 kg and a BMI increase of 0.77 kg/m2.Y” The emotional well-being
of children also seemed affected as reported in another systematic
review with meta-analysis that showed that parents reported high
rates of anxiety (34.5%) and depression (41.7%) in their children.'®
Such psychological alterations have been associated with lower self-
esteem and other self-outcomes.*” This could further impair the phys-
ical health of children, as psychosocial factors are associated with the
risk of obesity.?°

All this evidence suggested an impairment in lifestyle behaviours
and health outcomes during the pandemic because of the closure of
schools. Nevertheless, the retrospective design of those studies is an
important limitation. Self-report methods have inherent limitations*
that may be amplified if individuals try recalling events that occurred
long before and compare them with a stressful time point such as the
pandemic. Importantly, some studies were able to collect objective
measurements before and during the pandemic.?>?® In those cases,
however, the changes due to school closure cannot be distinguished
from the expected changes due to growth and development during
childhood. A control group unexposed to the school closure is
required for that purpose, which was not possible.

As an alternative to a control group unexposed to school closure,
herein, we used a time-matched control group composed of age-
matched children. Thus, we aimed to explore the effects of the school
closure on lifestyle behaviours (dietary patterns and physical activity)
and health outcomes (adiposity, physical fitness, and psychological
variables) of children during the pandemic in Chile. Measurements
were conducted before the school closure due to the pandemic and
after the definitive reopening. Data collected before the pandemic
from age-matched children were used to distinguish the expected
changes induced by growth and development (i.e., age) from those

induced by the school closure.

2 | METHODS

21 | Design, setting and participants

The data for the current report is from a project initially intended to
build an integrated model for a healthy school environment in public
schools in Santiago, Chile (FONDEF IT 1810018). The original project
considered measuring lifestyle behaviours including dietary habits and
physical activity, and health outcomes including adiposity measures,
fitness and psychological variables at baseline in 2019, and after a
24-month intervention. The baseline measurements were conducted
in October-November 2019. Nevertheless, the intervention was not
implemented because of the confinement enforced by the COVID-19
pandemic. We then focused on determining the effects of 2 years of
school closure on lifestyle behaviours and health outcomes. We thus
remeasured all the variables in October-November 2021. Only some

of the children measured in 2019 were available for measurement in
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Design and selection of participants. (A) Matching of age-groups for the statistical analyses; dashed arrows indicate different

children measured cross-sectionally, whereas solid arrows indicate the same children measured twice. (B) Flow chart for the selection of

participants.

2021 (i.e., they had repeated measures). In this study, these children
represent the ‘COVID-19’ group, who were exposed to the 2-year
school closure during the COVID-19 pandemic. Important, in this
group, the potential effect of school closure on the outcomes is con-
fused by the effect of the two extra years of age (from 2019 to 2021).
To control for the effect of age, we used a time-matched ‘control’
group?* composed of age-matched children belonging to the same
population (schools) unexposed to the pandemic. This group included
children of different ages that were measured cross-sectionally in
2019 (see Figure 1A). The difference in the outcomes between control

children with 2 years of difference was considered the expected

response to age. Then the changes observed in the COVID-19 group
were contrasted with the expected response observed in the ‘control’
group. A change in the COVID-19 group different than expected sug-
gests that the school closure during the pandemic influenced the
outcome.

For each outcome, the changes in 7-year-old children from 2019
to 2021 (COVID-19 group) were contrasted with the difference
between 7- and 9-year-old children (control group) only measured in
2019; the changes in 8-year-old children from 2019 to 2021 (COVID-
19 group) were contrasted with the difference between 8 and

10-year-old children (control group); and the changes in 9-year-old
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children from 2019 to 2021 (COVID-19 group) were contrasted with
the difference between 9- and 11-year-old children (control group).
Figure 1 schematizes the design. The current study thus represents an
observational, analytical, with a mixed cohort (‘COVID-19’ group) and
cross-sectional (‘control’ group) design.?’

Children from seven public schools belonging to six municipalities
of Santiago (Chile) were included. Based on a vulnerability index from
0 to 100 points, where higher values indicate greater vulnerability,?®
the schools were highly vulnerable: mean [SD] (min-max) of 91.5 [5.4]
(88-98) points. Professionals trained in Nutrition or Physical Activity
applied, in person, the surveys about dietary habits, physical
activity and psychological variables, and conducted the measurements
of adiposity and fitness during school days. More details about the

design, setting and participants have been previously described.?”

2.2 | Ethical approval

All measurements were made after obtaining authorization from the
school authorities, written parental consent and the child's assent,
both of which were obtained in person. The protocol was approved
by the Ethics Committee of the Universidad de Santiago de Chile
(record number 187/2019).

2.3 | Instruments and data collection

2.3.1 | Dietary habits

Dietary habits were measured based on semi-structured questions of
the Chilean Food Guidelines for children from 2 years of age.?® The
guidelines include recommendations for the daily intake of water
(at least 1 L), vegetables (at least three portions), fruits (at least two
portions), dairy (at least three portions) and bread (up to one portion),
as well as for the weekly intake of legumes (at least two portions) and
fish and seafood (at least two portions). The intake of each food was
categorized as meeting or not the recommendation. Additionally, the
consumption of processed food such as sugary drinks, fast food,

candies, salty snacks and cakes was registered.

2.3.2 | Physical activity

Physical activity was estimated using the Physical Activity Question-
naire for Older Children (PAQ-C) by Kowalski et al.?? From nine ques-
tions about physical activity in the last 7 days, a score between 1 and
5 was calculated. The higher the level of activity, the higher the
score.?” A score 22.73 has been considered a cut-off to consider chil-
dren as physically active.®® Children reaching those scores would
meet the 60 min of moderate-to-vigorous physical activity recom-

mended for health in children.®!

2.3.3 | Adiposity

Adiposity markers included weight status, waist circumference and
body fat. To determine weight status, body mass index (BMI) was cal-
culated from the weight and height measured with an electronic scale
Seca 813 and with a stadiometer Seca 213 (Seca®, Hamburg,
Germany). The BMI z-scores for 5- to 19-year-old children were calcu-
lated using the AnthroPlus software to categorize weight status as
underweight (<—1.00), normal weight (—1.00 to 1.00), overweight
(>1.00 to 2.00) or obesity (>2.00).52 Waist circumference was mea-
sured with a non-elastic tape on the uppermost lateral border of the
right ilium at the end of a normal expiration. Elevated waist circumfer-
ence and abdominal obesity were determined using published refer-
ence values.®® Skinfolds were measured using a Lange® adipometer
(Bloomington, Minnesota, USA), and body fat was calculated by the

Slaughter equation.3*

2.34 | Physical fitness

Physical fitness assessments included handgrip strength and standing
long jump tests. These tests have high reliability in children and offer
valuable insights into muscular fitness, a key aspect of physical health
in young populations.>> Handgrip strength was measured with a
Jamar® PC-5030 hand hydraulic dynamometer (Jamar Dynamometer,
Lafayette, IN, USA). Schoolchildren performed two attempts with
each hand. The average of the maximum value (in kilograms) of each
hand was considered for analysis. The standing long jump test was
used to measure the explosive power of the legs. Children jumped as
far as they could with their feet together. The distance between toes
at take-off and heels at landing was recorded to the nearest 0.1 cm.
Children performed three attempts and the longest one

(in centimetres) was used for analysis.

2.3.5 | Psychological outcomes

Psychological outcomes included self-esteem and self-concept. Self-
esteem was estimated by the Rosenberg questionnaire containing
10 statements for which children indicated their agreement from
1 (highly disagree) to 4 (highly agree). Negative statements were
reverse-scored for final calculations. The final score ranged from
10 to 40 points, where the higher the score the higher the self-
esteem. Self-concept was estimated using the Five-Factor Self-
concept questionnaire (AF-5), which assesses five dimensions of
self-concept: academic, social, emotional, family and physical. The
questionnaire consists of 30 items (six per dimension) scored using a
5-option Likert-type frequency scale, where 1 = ‘never’, and
5 = ‘always’. The score of all dimensions was averaged to provide an
overall score, where the higher the score, the higher the self-

concept.36
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(Continued)

TABLE 1

Two-way ANOVA

Age

COVID-19

Control

Age x Group

Group

11 years (n = 26) 9 years (h = 70) 11 years (n = 70)

9 years (n = 191)

39.0
11.3(11.2-11.6)

27.0 39.0

47.0

Girls, %

<0.001 0.072 0.827
<0.001

<0.001
<0.001

9.4 (9.2-9.6)
34.3 (31.0-40.2)
135.2 (131.9-139.2)

11.4(11.3-11.5)

9.6 (9.2-9.8)

Age, years
Weight, kg

0.082

0.096

48.9 (42.7-56.5)
147.0 (143.3-152.0)

43.4 (34.9-55.9)
146.3 (142.0-151.7)

34.8 (29.3-41.6)
135.2 (131.4-140.6)

0.094

0.785

Height, cm

0.178
0.333

0.048

20.5(17.4-24.7) 18.6 (17.2-21.9) 22.4(19.3-26.5)

18.8 (16.6-21.5)

BMI, kg/m?

0.030

0.146
<0.001
<0.001

1.27 (0.06-2.17) 1.06 (0.44-2.27) 1.68 (0.84-2.74)

1.10 (0.30-2.00)

BMI, z-score

0.130
0.126

0.118

65.3 (59.8-73.6) 71.6 (60.7-83.1) 64.6 (60.7-74.9) 77.2 (68.5-87.4)

Waist circumference, cm

Body fat, %

0.070

26.7 (18.7-31.7) 22.5(17.5-27.2) 30.5 (22.6-36.9)

22.9 (17.0-27.0)
2.8(2.4-3.2)

0.033 0.043

0.079
<0.001

2.4 (2.0-2.8)*

14.0 (12.0-18.0)
113.0 (102.0-127.1)

2.9 (2.5-3.4)
12.0(11.0-16.0)
110.0 (96.0-122.5)

2.6 (2.3-3.4)
16.0(12.3-18.3)
115.6 (96.0-138.3)

Physical activity, score

SUAREZ-REYES ET AL.

0.688

0.902
0.095

12.0(10.0-15.0)
104.0 (91.5-116.0)

Handgrip strength, kg

0.803

0.093

Standing long jump, cm

0.793 0.607

0.660
0.136

29.0 (25.8-32.3) 28.0 (25.0-32.0) 28.0 (26.0-32.3)

29.0 (26.0-31.0)
3.3(3.0-3.6)

Self-esteem, score

0.014

0.013

3.3(3.0-3.6) 3.4 (3.0-3.6)"*

3.2(2.5-34)

Self-concept, score

Note: Data are median (interquartile range) or percentage. Data for continuous variables were logyo-transformed before analyses, except for Z-BMI.

**p < 0.01 versus same age in the control group, Bonferroni post hoc test.

24 | Analyses

Shapiro-Wilk was used to test the normal distribution of continuous
variables. All the variables measured in 2019 had a non-normal distri-
bution, whereas some of those measured in 2021 had a normal
distribution. For consistency, we present all continuous variables as
median with interquartile range. Categorical variables are presented
as percentages. Chi-square was used to test associations between
groups and categorical variables at each age. Two-way ANOVA was
used to determine the main effects of age (7-9 years, 8-10 years or
9-11 years), group (control vs. COVID-19) and the age x group inter-
action on logio-transformed continuous variables. A significant
age x group interaction indicates that the response (increase,
decrease or no change) in the COVID-19 group is different than
expected based on the control group. In the case of significant
age x group interaction, Bonferroni post hoc was used to compare
children of the same age between groups. Prism 9 for MacOS version
9.4.1 was used for analysis. A p < 0.05 was considered statistically
significant.

3 | RESULTS

Figure 1A summarizes how the groups were matched for analyses
and Figure 1B shows a flow chart for the selection of participants.
Of 1340 children, 655 had complete data in the control group, and
247 in the COVID-19 group. As the number of children aged
<7 years or 212 was small, those children were excluded from ana-
lyses. Thus, the COVID-19 group was stratified (based on their age
in 2019) into 7 years (7-<8 years old), 8 years (8-<9 years old) and
9 years (9-<10 years old). The control group was stratified similarly
but included 10 years (10-<11years old) and 11 vyears (11-
<12 years old). This allowed us to analyse the effects of 2 years of
school closure during the COVID-19 pandemic on children 7-
9 years old.

31 | 7-9yearsold

The COVID-19 group was 0.1 years older than the control group
(main effect of group) (Table 1), without differences in the proportion
of girls at 7 (p = 0.105) or 9 years old (p = 0.165). As expected, there
was a main effect of age on anthropometric variables that change dur-
ing growth, including body weight, height, BMI and waist circumfer-
ence (Table 1).

Figure 2 compares the effects of age on meeting dietary recom-
mendations, physical activity, adiposity markers, fitness and psycho-
logical variables between the control and COVID-19 groups. There
were no differences between groups in the proportion of children
meeting the dietary recommendations at 7 or 9 years old (Figure 2A).
Physical activity score showed an age x group interaction, with
decreases in the COVID-19 group that were 0.4 points larger than
expected (Figure 2B). Consequently, although the prevalence of
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FIGURE 2 Comparison between children 7 and 9 years old measured in 2019 (control group) versus children measured in 2019 and 2021
(COVID-19 group). **p < 0.01 versus control of the same age, Bonferroni post hoc test.

physical inactivity was not different between groups at 7 years old, it
was 19 percent points higher in the COVID-19 group at 9 years old
(Figure 2C). No age x group interactions were observed for the
z-score BMI (Figure 2D) or waist circumference (Figure 2E). In con-
trast, body fat percentage showed an age x group interaction, with
increases in the COVID-19 group that were 6.1% points larger than
expected resulting in higher body fat percentage at 9 years old

(Figure 2F). The prevalence of overweight/obesity was, however, not
different between groups at 7 or 9 years old (Figure 2G). Handgrip
strength and standing long jump increased with age (approximately
3.5 kg and 6 cm, respectively; main effect of age) but no age x group
interactions were detected (Figure 2H,l). There were no
age x group interactions in self-esteem or self-concept, yet self-

concept decreased by approximately 0.3 points with age (main effect
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of age; Figure 2JK). Table 1 presents the median and interquartile

range of all these variables.

3.2 | 8-10yearsold

The COVID-19 group was 0.1 years older than the control group
(main effect of age) (Table 1), without differences in the proportion of
girls at eight (p = 0.869) or 10 years old (p = 0.930). As expected,
there was a main effect of age on anthropometric variables that
change during growth, including body weight, height, BMI and waist
circumference (Table 1).

Figure 3 compares the effects of age on meeting the dietary rec-
ommendations, physical activity, adiposity markers, fitness and psy-
chological variables between the control and COVID-19 groups.
There were no differences between groups in the proportion of chil-
dren meeting the dietary recommendations at 8 or 10 years old
(Figure 3A). The COVID-19 group showed approximately 0.1-point
lower physical activity score than the control group (main effect of
group) but no age x group interaction was detected (Figure 3B).
Yet although the prevalence of physical inactivity was no different at
8 years old, it was 20 percent points higher in the COVID-19 versus
the control group at 10 years old (Figure 3C). z-score BMI and waist
circumference showed age x group interactions. Thus, in the COVID-
19 group, increases in z-score BMI were 0.90 units larger than
expected, and increases in waist circumference were 6.1 cm larger
than expected (Figure 3D,E). An age x group interaction was also
observed in body fat percentage with increases in the COVID-19
group that were 8.3 percent points larger than expected resulting in
higher body fat percentage at 10 years old (Figure 3F). The prevalence
of overweight/obesity was, however, not different between groups at
8 or 10 years old (Figure 3G). Handgrip strength and standing long
jump increased with age (4 kg and approximately 6 cm respectively;
main effect of age) but no age x group interactions were detected
(Figure 3H,l). There were no age x group interactions in self-esteem
or self-concept, yet self-concept was 0.2 points higher in the COVID-
19 versus the control group (main effect of group; Figure 3JK).
Table 1 presents the median and interquartile range of all these

variables.

3.3 | 9-11yearsold

The control and COVID-19 groups had similar ages, and proportions
of girls at 9 (p = 0.247) and 11 years old (p = 0.288). As expected,
there was a main effect of age on anthropometric variables that
change during growth, including body weight, height, BMI and waist
circumference (Table 1).

Figure 4 compares the effects of age on meeting the dietary rec-
ommendations, physical activity, adiposity markers, fitness and psy-
chological variables between the control and COVID-19 groups.
There were no differences between groups in the proportion of chil-

dren meeting the dietary recommendations at 9 or 11 years old

(Figure 4A). Physical activity score showed an age x group interac-
tion, with decreases in the COVID-19 group that was 0.3 points larger
than expected resulting in lower physical activity at 11 years old
(Figure 4B). The prevalence of physical inactivity was, however, no
different between groups at 9 or 11years old (Figure 4C).
No age x group interactions were observed for Z-score BMI, waist
circumference, or body fat percentage (Figure 4D-F). Z-score BMI
was 0.19 points higher in the COVID-19 versus the control group
(main effect of group, Figure 4D), while waist circumference and body
fat percentage increased with age in both groups (approximately
9.5cm and 5.9 percent points respectively; main effect of age;
Figure 4E,F). The prevalence of overweight/obesity was not different
between groups at 9 or 11 years old (Figure 4G). Handgrip strength
increased with age in both groups (~3 kg, main effect of age) but no
age x group interaction was detected (Figure 4H). No effect of age,
group, or age x group interaction was detected for the standing long
jump (Figure 4l) or self-esteem (Figure 4J). In contrast, self-concept
showed an age x group interaction, with increases in the COVID-19
group that were 0.2 units larger than expected resulting in higher
values in the COVID-19 group at 11 years old (Figure 4K). Table 1

presents the median and interquartile range of all these variables.

4 | DISCUSSION

This study analysed the changes in lifestyle behaviours, physical fit-
ness, adiposity and psychological variables induced by school closure
during the COVID-19 pandemic in a group of schoolchildren in Chile.
To distinguish the effects of the school closure from those of normal
growth and development, we included an age-matched control group
of children from the same population who were measured only in
2019. Thus, outcomes with a similar response to age (increase,
decrease or no change) between the COVID-19 and control groups
were considered unaffected by school closure. For example, handgrip
strength consistently increased with age independently of the group
(main effect of time), whereas self-esteem showed no changes at any
age in any group. In contrast, outcomes with a different response to
age (increase, decrease or no change) between groups (age x group
interaction) were considered affected by school closure. When the
change was larger in the COVID-19 group compared with the control
group, school closure was considered to have induced a larger-
than-expected change. This was the case, for example, for body fat
percentage in the youngest children.

The lifestyle behaviours considered in the present study were die-
tary habits and physical activity. When comparing the changes in
meeting the dietary recommendations and consumption of processed
food (data not shown), no differences were observed between the
control and COVID-19 groups in any age range. These findings sug-
gest that school closure did not affect these variables, which may be
due to the reinforcement of the school feeding programme in Chilean
schools.?” Even when the children were not attending school, this aid
was maintained during the most critical periods of the pandemic. The

common delivery of prepared meals at school was replaced by
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FIGURE 3 Comparison between children of 8 and 10 years old measured in 2019 (control) versus children measured in 2019 and 2021
(COVID-19). **p < 0.01 versus control of the same age, Bonferroni post hoc test.

the delivery of a package of non-perishable food to cover the require-
ments of the children and their families.” Note, however, that the
meeting of dietary guidelines was not adequate before the pandemic,
so the dietary aid prevented a worsening of eating habits. Studies on
children's dietary changes during other periods without attending
school, such as school vacations, are limited and report mixed
results.®® Thus, it is unclear whether a worsening of the diet is associ-
increases in

ated with negative health outcomes, particularly

adiposity-related markers. Additionally, because self-reporting is sub-
ject to subjective bias, children may not accurately report their dietary
habits.

Before the pandemic, the prevalence of physical inactivity
(i.e.,, <60 min/day of moderate-to-vigorous physical activity) was
reported in approximately 73% in Chilean schoolchildren.? This result
was based on a single question about how many days the child accu-

mulates 60 min of moderate-to-vigorous physical activity. In our
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FIGURE 4 Comparison between children of 9 and 11 years old measured in 2019 (control) versus children measured in 2019 and 2021
(COVID-19). *p < 0.05; **p < 0.01 versus control of the same age, Bonferroni post hoc test.

current study, we used the physical activity questionnaire for older
children (PAQ-C). This instrument provides a score derived from nine
items asking about physical activity at different moments of the day in
the last 7 days. We observed that in the 7-to-9 years age range, con-
trol and COVID-19 groups had similar prevalence of physical inactivity
at 7 years old. Nevertheless, the prevalence of physical inactivity was
higher in the COVID-19 versus the control group at 9 years old. The
same was observed in the 8-to-10 years age range. These results

indicate that the school closure due to the COVID-19 pandemic
increased the prevalence of physical inactivity in children. Studies on
the effects of not attending school, such as during summer vacations,
report similar results.>® Reduced options to access structured and
unstructured activities inside and outside school may explain our find-
ings. The PAQ-C collects information about physical activity during
the school period including questions about the physical education

class, recess and after-school time in the last 7 days. Although at the
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time of the measurements in 2021 the schools were open, some
restrictions were still in place. These restrictions included reduced
time for physical education classes, limited interaction with other chil-
dren during recess, and limited extracurricular sports activities.*® Con-
sequently, physical activity outside of school in the form of free play
and unstructured activities should have been the main source of
movement, as was proposed in another study.® Yet these movement
opportunities may still be limited if children cannot play with their
peers or have access to spaces to play.’® In contrast to the dietary
support provided during the pandemic, existing measures such as
online classes were insufficient to maintain children's physical activity.
Changes in physical activity did not seem to affect physical fitness
components measured in this study (handgrip strength and standing
long jump), as we observed the expected increases with age in the
COVID-19 group without age x group interactions. Basterfield
et al.! also reported increases in muscular fitness with age in children
during the pandemic, although they did not have a control group to
distinguish whether those increases were expected because of the
increase in age or were affected by the pandemic.'®

Adiposity markers, including Z-score BMI, waist circumference
and body fat, showed larger-than-expected increases in the COVID-
19 group with age. This was consistently observed in the transition
from 8 to 10 years, which included the largest sample size and thus
statistical power among the age groups studied. The other age groups
manifested similar trends. Even so, these effects were not strong
enough to influence the prevalence of overweight/obesity, which
showed no difference between groups at any age. Diverse studies
reported increases in overweight/obesity prevalence associated with
accelerated rates of BMI change during the pandemic. Pierce et al.
(2023) in a longitudinal cohort of more than 200 000 children aged 2-
19 years in the United States, examined differences in rates of change
in BMI, weight and obesity prevalence among three periods: pre-
pandemic (January 2018-February 2020), early pandemic (March-
December 2020) and later pandemic (January-November 2021). This
study reported a rate of increase in BMI of 0.056 kg/m? per month in
the pre-pandemic period, 0.104 kg/m? per month in the early stages
of the pandemic and 0.035 kg/m? per month in the later pandemic.
These results indicated an accelerated rate of BMI changes early in

1.22 Although some stud-

the pandemic, which was attenuated in 202
ies report that, despite the rate of increase being attenuated, the
values remained higher than pre-pandemic levels.?®*? It may be that
at the date of our measurement (October 2021) the rapid increase in
BMI and overweight/obesity prevalence, reported by other studies
during the first months of the pandemic, has probably slowed down in
the later pandemic.’” In our current study, the measurements were
conducted in October-November 2019 and October-November
2021, without measurements in between. Therefore, our design does
not allow us to identify any fluctuations. The prevalence of over-
weight/obesity in Chilean schoolchildren aged 6-13 years was
reported at approximately 54% in 2020.4? In contrast, our results
showed 63%-73% in our COVID-19 groups in the post-pandemic
period in 2021. Unfavourable responses to stress including overeating

and decreasing physical activity and their effects on weight gain could

OBESITY

be more affected by the uncertainty during the first months of the
pandemic. A study of adults from the United States indicated that
the weight gained during the pandemic from March 2020 to March
2021 was, on average, less than 1.3 kg. The authors discussed that
other studies reporting larger increases in body weight were based on
convenience samples and relied on self-reported information, poten-
tially leading to over-reporting.*® In addition to these difficulties in
studying weight gain during the pandemic in adults, the effects of nor-
mal growth and development must be considered when studying chil-
dren. In this sense, the weight increase observed after 2 years in the
COVID-19 groups might not be that different from the expected
increase due to growth and development.

In addition to weight status, body fat is another adiposity marker
used in our current study. The body fat observed in the COVID-19
groups in the post-pandemic period in all three age ranges (28%-30%)
was higher than what we have previously observed in Chilean school-
children of similar age (21%-24%).** Changes in body fat and its dis-
tribution during the pandemic have been scarcely reported. Unlike
body weight and height, body fat is difficult to self-report and thus
relies on objective measurements. In the 7-9 age range, the higher-
than-expected increase in body fat observed in the COVID-19 group,
coincides with a higher-than-expected decrease in physical activity, as
reported previously.*>*¢ Moursi et al.*’ compared changes in BMI
and body fat between one group of children with two measurements
before the pandemic and a second group with one measurement
before and another measurement during the pandemic. No differ-
ences in the changes in BMI or body fat were detected between
groups. The authors suggested that this was due to the favourable
socio-economic background of their sample, which may have pro-
tected the children from weight and fat gain during the pandemic.*’
This would not be the case in our current study, because children
were from highly vulnerable schools. Another study reported no dif-
ferences in body fat measurements in children before and during the
pandemic.*® In such a study, children seemed to be motivated to fol-
low healthy lifestyle habits, particularly physical activity, based on
their access to home activities through online applications.

No differences were observed in the changes in self-esteem
between COVID-19 and control groups. These findings suggest that
school closure did not affect self-esteem in our children. Most studies
that reported perturbations of mental health were conducted during
the initial months of the pandemic.’? In a long-term study of adoles-
cents in Japan, Goto et al.2® showed that mental well-being was more
negatively affected during the initial stages of the pandemic (May
2020) but then improved and stabilized by the end of 2021. There-
fore, the greatest negative effects may have occurred when the con-
finement measures were stricter. In our current study, the
measurements were conducted in October-November 2019 and
October-November 2021, without measurements in between. There-
fore, our design does not allow us to identify fluctuations in these
psychological variables. Children potentially spent more time at home
with their families during the pandemic, which could be a protective
factor for mental health. In agreement, we observed that self-concept

in the 9-to-11 years age range increased more than expected in the
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COVID-19 group. This was explained specifically by the increase in
the emotional dimension (i.e., the feeling of well-being and personal
satisfaction) of the questionnaire in the COVID-19 group (data not
shown).

Our study has two major strengths. First, although the study was
not designed to compare changes before and after the pandemic, the
initial measurements allowed us to have the required data. Few stud-
ies were able to have data just before starting the pandemic and just
after school reopening. Second, we considered children who were
only measured in 2019 as the control group. These children belonged
to the same population and were measured under the same condi-
tions as the COVID-19. This age-matched control group allowed us to
determine whether the response in lifestyle behaviours, adiposity
markers and health outcomes was different from what would be
expected due to growth and development. Among the limitations, it is
worth noting that the control group is composed of children who, for
different reasons, were unavailable for remeasurement upon school
reopening. Whether such a difference influences our outcomes is
unknown. Moreover, due to the restrictions implemented in Chile dur-
ing the pandemic, contacting schools and children was only possible
when the schools reopened in 2021. This prevented us from docu-
menting changes during the most critical moments of the pandemic.
The changes are therefore the result of the accumulated effect of
2 years. Another limitation is that we did not conduct measurements
after 2021. Whether the trends in lifestyles and health outcomes
were maintained, worsened or returned to pre-pandemic levels in our
sample is therefore unknown. Studies conducted in other countries
indicated that physical activity levels remained lower in 2021 but
returned to pre-pandemic levels in 2022, 1 year after most countries
lifted the restrictions.*”>° Regarding adiposity markers, studies
showed that the increase in BMI observed early in the pandemic per-
sisted for 1 to 2 years, even after restrictions were eased.*®*! These
findings highlight the long-lasting impacts of the pandemic, underscor-
ing the need for public health efforts to address these challenges. A
final limitation is that we did not include additional physical fitness
outcomes that are also relevant for health, particularly cardiorespira-
tory fitness.

In conclusion, school closure during the pandemic (and potentially
due to whatever reason) worsens the normal physical activity pattern
of children and negatively impacts adiposity markers. Notably, by
using a time-matched control group, we showed that the negative
effects were less pronounced compared with previous reports. Never-
theless, our results suggest that schools have a unique position for
promoting healthy lifestyle behaviours that may impact the health and

well-being of children.

AUTHOR CONTRIBUTIONS

Conceptualization: M.S.-R., R.F.-V. and D.Q.-S. Analysis and software:
R.F.-V. and M.S.-R. Funding acquisition: T.P. and A.C.P. Writing—original
draft: M.S.-R. Writing—review and editing: R.F.-V., D.Q.-S., T.P. and
A.C.P. Visualization: M.S.-R. All authors have read and agreed to the

published version of the manuscript.

ACKNOWLEDGEMENTS
The authors would like to thank the field staff, the school directors who

allowed access to families and all children who participated in the study.

FUNDING INFORMATION

All of the authors declare financial support for the submitted study
from the National Research and Development Agency (ANID) by the
Fondo Nacional de Desarrollo Cientifico y Tecnolégico (FONDEF—
process: IT1810016). The funder had no role in study design, data col-
lection and analysis, decision to publish or preparation of the manu-
script. M.S.-R. is partly supported by the LAUNCHED small grant
program from NIDDK (U24 DK132740). Research reported in this
publication was supported by the National Institute of Diabetes and
Digestive And Kidney Diseases of the National Institutes of Health
under Award Number U24 DK132740. The content is solely the
responsibility of the authors and does not necessarily represent

the official views of the National Institutes of Health.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

ORCID

Mbénica Sudrez-Reyes "> https://orcid.org/0000-0002-5663-4673

REFERENCES

1. Kuzmanic D, Valenzuela JP, Claro S, Canales A, Cerda D,
Undurraga EA. Socioeconomic disparities in the reopening of schools
during the pandemic in Chile. Int J Educ Dev. 2023;100:100. doi:10.
1016/j.ijedudev.2023.102805

2. Fundacion Mi Parque. Propuesta de Uso de Plazas y Parques Durante
La Pandemia. 2020. Accessed August 1, 2024. https://www.
miparque.cl/wp-content/uploads/2020/06/propuesta-de-uso-mipar
que.pdf

3. von Hippel PT, Workman J. From kindergarten through second grade,
U.S. Children's obesity prevalence grows only during summer vaca-
tions. Obesity. 2016;24(11):2296-2300. doi:10.1002/0by.21613

4. Stavridou A, Kapsali E, Panagouli E, et al. Obesity in children and ado-
lescents during COVID-19 pandemic. Children. 2021;8(2):135. doi:10.
3390/children8020135

5. Pietrobelli A, Pecoraro L, Ferruzzi A, et al. Effects of COVID-19 lock-
down on lifestyle behaviors in children with obesity living in Verona,
Italy: a longitudinal study. Obesity. 2020;28(8):1382-1385. doi:10.
1002/0by.22861

6. Varghese M, Sherrard A, Vang M, Tan CC. Mindful feeding: associa-
tions with COVID-19 related parent stress and child eating behavior.
Appetite. 2023;180:180. doi:10.1016/j.appet.2022.106363

7. Araneda J, Pinheiro AC, Pizarro T. Effects of COVID-19 pandemic on
food insecurity perception in Chilean households. Rev Med Chil. 2021;
149(7):980-988. doi:10.4067/s0034-98872021000700980

8. Bustos-Arriagada E, Fuentealba-Urra S, Etchegaray-Armijo K,
Quintana-Aguirre N, Castillo-Valenzuela O. Feeding behaviour and
lifestyle of children and adolescents one year after lockdown by the
covid-19 pandemic in Chile. Nutrients. 2021;13(11):4138. doi:10.
3390/nu13114138

9. ten Velde G, Lubrecht J, Arayess L, et al. Physical activity behaviour
and screen time in Dutch children during the COVID-19 pandemic:
pre-, during- and post-school closures. Pediatr Obes. 2020;2021:1-7.
doi:10.1111/ijpo0.12779

5UB017 SUOLLILIOD BAER.D 3|ed ke U Ad PaURAOE 3 BV YO (98N J0 S| IO} ARG IT3UIIUO 4]V, UO (SUONIPUGO-PUE-SLULIBYLIOD' A3 M AJ)GI1 PUIUO//ScL) SUOTIPUOD PUE SULR | aU) 95 *[G20Z/T0/2Z] U0 AreiqiTauIluo A5|1M ‘01[018s9Q P Peps AN A Z8TET od l/TTTT OT/10p/wooAs | AZeIq Ul lUo//'Sdy WOl popeojumod ‘2T ‘420z ‘0TE9LY0Z


https://orcid.org/0000-0002-5663-4673
https://orcid.org/0000-0002-5663-4673
info:doi/10.1016/j.ijedudev.2023.102805
info:doi/10.1016/j.ijedudev.2023.102805
https://www.miparque.cl/wp-content/uploads/2020/06/propuesta-de-uso-miparque.pdf
https://www.miparque.cl/wp-content/uploads/2020/06/propuesta-de-uso-miparque.pdf
https://www.miparque.cl/wp-content/uploads/2020/06/propuesta-de-uso-miparque.pdf
info:doi/10.1002/oby.21613
info:doi/10.3390/children8020135
info:doi/10.3390/children8020135
info:doi/10.1002/oby.22861
info:doi/10.1002/oby.22861
info:doi/10.1016/j.appet.2022.106363
info:doi/10.4067/s0034-98872021000700980
info:doi/10.3390/nu13114138
info:doi/10.3390/nu13114138
info:doi/10.1111/ijpo.12779

SUAREZ-REYES ET AL.

—Wl LEY 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dunton GF, Do B, Wang SD. Early effects of the COVID-19 pandemic
on physical activity and sedentary behavior in children living in the U.
S. BMC Public Health. 2020;20(1):1351. doi:10.1186/s12889-020-
09429-3

Mitra R, Moore SA, Gillespie M, et al. Healthy movement behaviours
in children and youth during the COVID-19 pandemic: exploring the
role of the neighbourhood environment. Health Place. 2020;65:65.
doi:10.1016/j.healthplace.2020.102418

Rossi L, Behme N, Breuer C. Physical activity of children and adoles-
cents during the COVID-19 pandemic—a scoping review. Int J Environ
Res Public Health. 2021;18(21):11440. doi:10.3390/ijerph182111440
Jauregui A, Salvo D, Aguilar-Farias N, Okely A. Movement behaviors
during COVID-19 among Latin American/Latino toddlers and pre-
schoolers in Chile, Mexico and the US. Sci Rep. 2022;12(1):1-11. doi:
10.1038/s41598-022-23850-1

Ministerio de Educacién. Gobierno de Chile. Abrir Las Escuelas Paso a
Paso. Orientaciones Para Establecimientos Educacionales. Accessed
July 18, 2024. https://bibliotecadigital.mineduc.cl/handle/20.500.
12365/14785

Aguilar-Farias N, Martino-Fuentealba P, Carcamo-Oyarzun J, et al. A
regional vision of physical activity, sedentary behaviour and physical
education in adolescents from Latin America and the Caribbean:
results from 26 countries. Int J Epidemiol. 2018;47(3):976-986. doi:
10.1093/ije/dyy033

Basterfield L, Galna B, Burn NL, et al. Back to ‘normal’? BMI, physical
fitness and health-related quality of life of children from north East
England before, during and after the COVID-19 lockdowns. J Sports
Sci. 2024;42:688-700. doi:10.1080/02640414.2024.2359259

Chang TH, Chen YC, Chen WY, et al. Weight gain associated with
COVID-19 lockdown in children and adolescents: a systematic review
and meta-analysis. Nutrients. 2021;13(10):3668. doi:10.3390/
nu13103668

Panda PK, Gupta J, Chowdhury SR, et al. Psychological and behavioral
impact of lockdown and quarantine measures for COVID-19 pan-
demic on children, adolescents and caregivers: a systematic review
and meta-analysis. J Trop Pediatr. 2021;67(1):1-13. doi:10.1093/
tropej/fmaal22

Pizarro-Ruiz JP, Ordénez-Camblor N. Effects of Covid-19 confine-
ment on the mental health of children and adolescents in Spain. Sci
Rep. 2021;11(1):11713. doi:10.1038/541598-021-91299-9

Kang NR, Kwack YS. An update on mental health problems and cogni-
tive behavioral therapy in pediatric obesity. Pediatr Gastroenterol
Hepatol Nutr. 2020;23(1):15-25. doi:10.5223/pghn.2020.23.1.15
Fernandez-Verdejo R, Aguirre C, Galgani JE. Issues in measuring and
interpreting energy balance and its contribution to obesity. Curr Obes
Rep. 2019;8(2):88-97. doi:10.1007/513679-019-00339-z

Pierce SL, Kompaniyets L, Freedman DS, Goodman AB, Blanck HM.
Children's rates of BMI change during pre-pandemic and two COVID-
19 pandemic periods, IQVIA ambulatory electronic medical record,
January 2018 through November 2021. Obesity (Silver Spring). 2023;
31(3):693-698. doi:10.1002/0by.23643

Goto R, Piedvache A, Hangai M, et al. Time trends in emotional well-
being and self-esteem in children and adolescents during the COVID-
19 pandemic. Child Adolesc Psychiatry Ment Health. 2022;16(1):89.
doi:10.1186/513034-022-00525-3

Dankel SJ, Loenneke JP. A method to stop analyzing random error
and start analyzing differential responders to exercise. Sports Med.
2020;50(2):231-238. doi:10.1007/s40279-019-01147-0

Grimes DA, Schulz KF. An overview of clinical research: the lay of the
land. Lancet. 2002;359(9300):57-61. doi:10.1016/50140-6736(02)
07283-5

JUNAEB. Sistema Nacional de Asignacién Con Equidad Para Becas
JUNAEB. Una Nueva Visién En La Construccion de Igualdad de Oportu-
nidades En La Infancia. 2005. Accessed October 26, 2023. https://
bibliotecadigital.mineduc.cl/handle/20.500.12365/17813

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

OBESITY

Sudrez-Reyes M, Quintiliano-Scarpelli D, Fernandes ACP, Cofré-
Bolados C, Pizarro T. Lifestyle habits and health indicators in migrants
and native schoolchildren in Chile. Int J Environ Res Public Health.
2021;18(11):5855. doi:10.3390/ijerph18115855

Ministerio de Salud. Guia de Alimentacién Del Nifio(a) Menor de 2 Afios
Hasta La Adolescencia. Vol 5. Ministerio de Salud; 2016.

Kowalski K, Crocker P, Donen R. The Physical Activity Questionnaire
for Older Children (PAQ-C) and Adolescents (PAQ-A) Manual. College of
Kinesiology University of Saskatchewan; 2004.

Benitez-Porres J, Alvero-Cruz JR, Sardinha LB, Lépez-Fernandez |,
Carnero EA. Cut-off values for classifying active children and adoles-
centes using the physical activity questionnaire: PAQ-C and PAQ-
ACut-off values for classifying active children and adolescents using
the physical activity questionnaire: PAQ-C and PAQ-A. Nutr Hosp.
2016;33(5):564. doi:10.20960/nh.564

Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020
guidelines on physical activity and sedentary behaviour. Br J Sports
Med. 2020;54(24):1451-1462. doi:10.1136/bjsports-2020-102955
WHO. Growth reference data for 5-19 years. https://www.who.int/
tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
2019.

Fernandez J, Redden D. Waist circumference percentiles in nationally
representative samples of African-American, European-American, and
Mexican-American children and adolescents. J Pediatr. 2004;145(4):
439-444,

Slaughter M, Lohman T, Boileau R, et al. Skinfold equations for esti-
mation of body fatness in children and youth. Hum Biol. 1988;60(5):
709-723.

Garcia-Hermoso A, Ramirez-Campillo R, Izquierdo M. Is muscular fit-
ness associated with future health benefits in children and adoles-
cents? A systematic review and meta-analysis of longitudinal studies.
Sports Med. 2019;49(7):1079-1094. doi:10.1007/s40279-019-
01098-6

Zurita-Ortega F, Roman-Mata SS, Chacon-Cuberos R,
Castro-Sanchez M, Muros JJ. Adherence to the mediterranean diet is
associated with physical activity, self-concept and sociodemographic
factors in university student. Nutrients. 2018;10(8):966. doi:10.3390/
nu10080966

McEwan PJ. The impact of Chile's school feeding program on educa-
tion outcomes. Econ Educ Rev. 2013;32(1):122-139. doi:10.1016/j.
econedurev.2012.08.006

Eglitis E, Miatke A, Virgara R, et al. Children's health, wellbeing and
academic outcomes over the summer holidays: a scoping review. Chil-
dren. 2024;11(3):287. doi:10.3390/children11030287

Aguilar-Farias N, Miranda-Marquez S, Martino-Fuentealba P, et al.
2018 Chilean physical activity report card for children and adoles-
cents: full report and international comparisons. J Phys Act Health.
2020;17(8):807-815. doi:10.1123/jpah.2020-0120

Chen S, Wang B, Imagbe S, et al. Adolescents' behaviors, fitness, and
knowledge related to active living before and during the COVID-19
pandemic: a repeated cross-sectional analysis. Int J Environ Res Public
Health. 2022;19(5):2560. doi:10.3390/ijerph19052560

Jarnig G, Kerbl R, van Poppel MNM. Change in BMI and fitness
among primary school children in Austria: a 24-month follow-up
study of 303 children measured before and during the ongoing
COVID-19 pandemic. Sports. 2022;10(5):78. doi:10.3390/
sports10050078

Junaeb. Mapa nutricional 2020. 2020. https://www.junaeb.cl/wp-
content/uploads/2021/03/MapaNutricional2020_.pdf

Freedman DS, Kompaniyets L, Daymont C, Zhao L, Blanck HM.
Weight gain among US adults during the COVID-19 pandemic
through may 2021. Obesity. 2022;30(10):2064-2070. doi:10.1002/
oby.23511

Sudrez-Reyes M, Fernandez-Verdejo R, Salazar G. Elevated risk of
overweight/obesity-related markers and low muscular fitness in

5UB017 SUOLLILIOD BAER.D 3|ed ke U Ad PaURAOE 3 BV YO (98N J0 S| IO} ARG IT3UIIUO 4]V, UO (SUONIPUGO-PUE-SLULIBYLIOD' A3 M AJ)GI1 PUIUO//ScL) SUOTIPUOD PUE SULR | aU) 95 *[G20Z/T0/2Z] U0 AreiqiTauIluo A5|1M ‘01[018s9Q P Peps AN A Z8TET od l/TTTT OT/10p/wooAs | AZeIq Ul lUo//'Sdy WOl popeojumod ‘2T ‘420z ‘0TE9LY0Z


info:doi/10.1186/s12889-020-09429-3
info:doi/10.1186/s12889-020-09429-3
info:doi/10.1016/j.healthplace.2020.102418
info:doi/10.3390/ijerph182111440
info:doi/10.1038/s41598-022-23850-1
https://bibliotecadigital.mineduc.cl/handle/20.500.12365/14785
https://bibliotecadigital.mineduc.cl/handle/20.500.12365/14785
info:doi/10.1093/ije/dyy033
info:doi/10.1080/02640414.2024.2359259
info:doi/10.3390/nu13103668
info:doi/10.3390/nu13103668
info:doi/10.1093/tropej/fmaa122
info:doi/10.1093/tropej/fmaa122
info:doi/10.1038/s41598-021-91299-9
info:doi/10.5223/pghn.2020.23.1.15
info:doi/10.1007/s13679-019-00339-z
info:doi/10.1002/oby.23643
info:doi/10.1186/s13034-022-00525-3
info:doi/10.1007/s40279-019-01147-0
info:doi/10.1016/S0140-6736(02)07283-5
info:doi/10.1016/S0140-6736(02)07283-5
https://bibliotecadigital.mineduc.cl/handle/20.500.12365/17813
https://bibliotecadigital.mineduc.cl/handle/20.500.12365/17813
info:doi/10.3390/ijerph18115855
info:doi/10.20960/nh.564
info:doi/10.1136/bjsports-2020-102955
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
info:doi/10.1007/s40279-019-01098-6
info:doi/10.1007/s40279-019-01098-6
info:doi/10.3390/nu10080966
info:doi/10.3390/nu10080966
info:doi/10.1016/j.econedurev.2012.08.006
info:doi/10.1016/j.econedurev.2012.08.006
info:doi/10.3390/children11030287
info:doi/10.1123/jpah.2020-0120
info:doi/10.3390/ijerph19052560
info:doi/10.3390/sports10050078
info:doi/10.3390/sports10050078
https://www.junaeb.cl/wp-content/uploads/2021/03/MapaNutricional2020_.pdf
https://www.junaeb.cl/wp-content/uploads/2021/03/MapaNutricional2020_.pdf
info:doi/10.1002/oby.23511
info:doi/10.1002/oby.23511

“o4| WILEY—OBESITY

45.
46.
47.
48.

49.

SUAREZ-REYES ET AL.

children attending public schools in Chile. Int J Environ Res Public
Health. 2022;19(21):14213. doi:10.3390/ijerph192114213

Chaput JP, Lambert M, Mathieu ME, Tremblay MS, O'Loughlin J,
Tremblay A. Physical activity vs. sedentary time: independent associa-
tions with adiposity in children. Pediatr Obes. 2012;7(3):251-258. doi:
10.1111/j.2047-6310.2011.00028.x

Dowda M, Saunders RP, Dishman RK, Pate RR. Association of physi-
cal activity, sedentary behavior, diet quality with adiposity: a longitu-
dinal analysis in children categorized by baseline weight status. Int J
Obes (Lond). 2023;48:240-246. doi:10.1038/s41366-023-01405-2
Moursi N, Tanofsky-Kraff M, Parker M, et al. Changes in food con-
sumption, BMI, and body composition in youth in the US during the
COVID-19 pandemic. Int J Environ Res Public Health. 2023;20(18):
6796. doi:10.3390/ijerph20186796

Azoulay E, Yackobovitch-Gavan M, Yaacov H, et al. Weight status
and body composition dynamics in children and adolescents during
the COVID-19 pandemic. Front Pediatr. 2021;9:9. doi:10.3389/fped.
2021.707773

Salway R, Foster C, de Vocht F, et al. Accelerometer-measured physi-
cal activity and sedentary time among children and their parents in

50.

the UK before and after COVID-19 lockdowns: a natural experiment.
Int J Behav Nutr Phys Act. 2022;19(1):51. doi:10.1186/512966-022-
01290-4

Jago R, Salway R, House D, et al. Short and medium-term effects of
the COVID-19 lockdowns on child and parent accelerometer-
measured physical activity and sedentary time: a natural experiment.
Int J Behav Nutr Phys Act. 2023;20(1):42. doi:10.1186/512966-023-
01441-1

How to cite this article: Suarez-Reyes M,

Fernandez-Verdejo R, Quintiliano D, Pinheiro AC, Pizarro T.
Effects of school closure on lifestyle behaviours and health
outcomes in children during the COVID-19 pandemic in Chile:
A time-matched analysis. Pediatric Obesity. 2024;19(12):
€13182. doi:10.1111/ijpo.13182

85U8017 SUOWILIOD BAeaID 3|qedjdde aup Aq peuenob afe sejonie VO ‘8sN JO Se|ni Joj Aleiq)T8UlUO A8]1/M UO (SUOIPUOD-PUE-SWLBY WO A8 | 1M ARIq U1 UO//SANL) SUORIPUOD PUe S | 841 885 *[6Z02/T0/zz] Uo ARiqiTaulluo A8|IM ‘0jj01%esed Ba PepseAIuN Aq Z8TET od I TTTT 0T/I0p/wWo A8 | 1M AeIq Ul uo//Sdny wouy pepeojumod ‘ZT ‘202 ‘0TE9LY0Z


info:doi/10.3390/ijerph192114213
info:doi/10.1111/j.2047-6310.2011.00028.x
info:doi/10.1038/s41366-023-01405-2
info:doi/10.3390/ijerph20186796
info:doi/10.3389/fped.2021.707773
info:doi/10.3389/fped.2021.707773
info:doi/10.1186/s12966-022-01290-4
info:doi/10.1186/s12966-022-01290-4
info:doi/10.1186/s12966-023-01441-1
info:doi/10.1186/s12966-023-01441-1
info:doi/10.1111/ijpo.13182

	Effects of school closure on lifestyle behaviours and health outcomes in children during the COVID‐19 pandemic in Chile: A ...
	Summary
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Design, setting and participants
	2.2  |  Ethical approval
	2.3  |  Instruments and data collection
	2.3.1  |  Dietary habits
	2.3.2  |  Physical activity
	2.3.3  |  Adiposity
	2.3.4  |  Physical fitness
	2.3.5  |  Psychological outcomes

	2.4  |  Analyses

	3  |  RESULTS
	3.1  |  7–9years old
	3.2  |  8–10years old
	3.3  |  9–11years old

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


