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Abstract

Introduction: Numerous studies employing self-reported questionnaires and cross-sectional methodologies have demonstrated
that social isolation resulting from the COVID-19 pandemic has markedly influenced the physical activity (PA) levels of youth.
Objective: This study utilized modern accelerometers to assess the impact of the pandemic-related lockdown on PA levels of female
adolescents, acknowledging the intrinsic limitations associated with the objectivity of self-reported PA.

Methods: A cohort of 29 Iranian female students, aged between 15 and 18 years, utilized accelerometers for a duration of seven
consecutive days, both prior to and during the pandemic. The analysis of PA levels of these students was conducted using
descriptive statistics and paired t-tests.

Results: The mean daily engagement in moderate-to-vigorous PA (MVPA) was documented at 46.8 minutes prior to the pandemic.
However, this figure saw a significant reduction to 20.7 minutes during the pandemic, a level that is below the recommended
international guidelines.

Conclusion: This observation highlights the significant influence of lockdown measures on PA levels of female adolescents. It
underscores the necessity for tailored strategies and initiatives that cater to the specific needs and preferences of young individuals,
aimed at fostering an appropriate level of PA during periods of social restrictions, such as those experienced during the pandemic.
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1. Introduction

COVID-19, a new strain of coronavirus, was first
identified in December 2019 in Wuhan, China, and has
since spread swiftly to almost every country around the
world. On March 11, 2020, the World Health
Organization (WHO) officially classified COVID-19 as a
pandemic (1). In response to the swift transmission of
the virus, various governments implemented stringent
measures aimed at curbing its spread. These measures
included home confinement, quarantine, and social
isolation (2), which inadvertently and negatively
impacted individuals' lifestyles. For instance, youth
encountered the abrupt closure of schools and
recreational facilities, resulting in a significant
reduction in their daily activities. Rather than
engaging in educational settings and social
interactions or participating in sports, they were
compelled to remain at home for extended periods.
This scenario likely contributed to an increase in
sedentary behavior (SB) among youth, a factor
recognized as a significant risk for both physical and
mental health (3-6). Reversely, it is widely recognized

that consistent engagement in physical activity (PA)
contributes to enhancements in cardiorespiratory and
muscular fitness, the development of strong bones,
improvements in memory and cognitive control, as
well as a decrease in depressive symptoms and obesity
among youth (e.g., 7-9). Additionally, research indicates
that participation in PA during childhood is a predictor
of PA levels in adulthood, thereby influencing public
health outcomes (10,11). Nevertheless, numerous
investigations have revealed that even before the onset
of the pandemic, a significant number of youths failed
to meet international guidelines (e.g., 12-14). It is
reasonable to propose that the limitations enacted
during the pandemic have contributed to a further
decline in PA levels among this population.

In fact, a multitude of studies conducted across
various nations has investigated the alterations in PA
among youth as a result of the quarantine measures
implemented during the pandemic (15-23). For
instance, utilizing a parentreported methodology,
Dunton et al. (15) demonstrated that in the United
States, there was a notable decline in children's PA
alongside an increase in SB from the pre-pandemic
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phase to the early stages of pandemic. Similarly,
Elnaggar et al. (16) observed a significant reduction in
the PA of adolescent boys in Saudi Arabia during the
pandemic, while girls did not exhibit a significant
decrease, likely due to their already low levels of PA.
Gilic et al. (18) reported a marked decline in
adolescents’ PA in Bosnia and Herzegovina when
comparing pre-pandemic levels to those during the
pandemic, with only 24% of adolescents meeting
international guidelines. Moore et al. (19) corroborated
these findings in Canada, noting a significant drop in
PA among youth, with only 24% adhering to the
international guidelines. Comparable results have
been documented in other countries, including
Australia (20), Germany (22), and China (23). A
comprehensive review conducted by Yomoda and
Kurita (24) of various studies examining children’s PA
prior to and throughout the pandemic indicated an
overall reduction in PA levels. The effects of the
pandemic were significantly more significant among
boys and older youth. In contrast, younger children, as
well as those living in detached homes with greater
space, in rural settings, or within larger family
structures, exhibited a lesser decrease in their PA
levels.\.

While previous research has enhanced our
comprehension of the impact of the pandemic on PA of
youth, these studies exhibit several limitations.
Primarily, a significant number of these investigations
rely on subjective self-reported questionnaires, which
raise concerns regarding their accuracy, particularly
when applied to younger populations (25-27).
Additionally, the cross-sectional design employed in
these studies restricts their ability to evaluate changes
in PA among youth over time (15,16,18,19,20-23). The
current study seeks to overcome these limitations by
utilizing  accelerometers for the  objective
measurement of PA and adopting a longitudinal
research design. Unlike questionnaires, accelerometers
provide a more objective assessment of PA, free from
subjective bias, while the longitudinal framework
facilitates the observation of potential changes in PA
over time. Consequently, the objective of our study was
to compare the levels of objectively measured PA and
SB among female adolescents in Iran prior to and
during the lockdown imposed by the COVID-19
pandemic.

2. Methods
2.1. Participants

The study involved 29 Iranian female students, aged
between 15 and 18 years (mean age 15.96 years, SD =
0.42), enrolled in the tenth and eleventh grades at
regular high schools. These students participated in
the PAIR project (Physical Activity of Children and
Adolescents in Iran), with data collection occurring
from October 2019 to January 2020. Due to
organizational constraints, only female students were
available during this period. The project was
interrupted by the onset of the COVID-19 pandemic in
Iran in February 2020 and resumed a year later, with a
second round of measurements conducted from
October 2020 to March 2021, amidst the ongoing
pandemic. At both measurement points, all
participants were in good health and free from any
acute physical conditions. The criteria for inclusion
specified that participants must be female high school
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students who willingly agreed to take part in the study,
with written consent secured from both the students
and their parents. In contrast, those who did not
complete the accelerometer protocol were excluded
from participation. The research complied with the
Declaration of Helsinki, and the study protocol was
approved by the Ethics Committee of the Islamic Azad
University. Both parents and students received
comprehensive information regarding the study
procedures, and written informed consent was
obtained from the parents. The data collected were
anonymized and used solely for the purposes of the
study, with no sharing of information with third
parties.

2.2. Measurement of Physical Activity

PA was assessed utilizing the ActiGraph wGT3X-BT
accelerometer. These accelerometers are compact, non-
invasive, and user-friendly devices designed to quantify
the frequency, duration, and intensity of PA in terms of
energy expenditure. The intensity of PA is categorized
into four classifications— SB, light PA, moderate PA, and
vigorous PA—based on established cut-off points
proposed by a previous study (28,29). Prior to
distribution to participants, each accelerometer was
set to a recording frequency of 30 Hz. In recent years,
accelerometers have emerged as the predominant
devices in research settings, demonstrating robust
validity and reliability across numerous studies (e.g.,
30,31)

2.3. Procedure

Prior to the commencement of each data collection
phase, meetings were convened at the school for the
first survey and conducted online for the second
survey. During these meetings, participants were
briefed on the objectives of the study and the
methodology involved. They received comprehensive
instructions regarding the accelerometer, including
guidance on its proper usage. Participants were
specifically directed to affix the device to their right hip
for a duration of seven consecutive days while awake,
removing it only for showering, engaging in water-
related activities, or during sleep. One day prior to the
initiation of the individual data collection period, the
accelerometer was activated and provided to the
participant along with a standardized protocol sheet,
which required them to document the times and
reasons for any periods of non-wear. After a week, the
accelerometer was retrieved from the student, and the
collected data was downloaded. The device was then
prepared for the subsequent participant, which
involved a thorough disinfection process for both the
accelerometer and the hip belt. Data collection prior to
the pandemic occurred between October 2019 and
January 2020, a period during which the coronavirus
had not yet been identified in Iran, allowing schools
and sports clubs to operate without restrictions. The
official declaration of the pandemic in Iran occurred in
February 2020. Data collection during the pandemic
took place from October 2020 to March 2021, during
which time schools, sports clubs, and recreational
facilities such as parks and gyms - common venues for
student PA - were closed to the public.

2.4. Data Analysis

Data analysis was conducted using SPSS Statistics
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(version 26), where means and standard deviations
(SD) were computed to summarize the data, and paired
t-tests were performed to assess changes in PA among
participants from the pre-pandemic period to during
the pandemic. The significance level was established at
P<.05.

3. Results

Table 1 presents the personal characteristics of the

female adolescents involved in this research. There was
a modest rise in height and weight from the pre-
pandemic period to the pandemic phase, primarily
attributed to typical physical growth. Notably, the
body mass index (BMI) exhibited a significant increase
(t =2.437, P = 0.020), escalating from 20.82 prior to the
pandemic to 22.86 during the pandemic, which may
serve as an initial indication of the potential effects of
the lockdown measures implemented during this
period.

Table 1. Personal Variables of the Participants.

Variables Before the Pandemic During the Pandemic

Mean SD Mean SD
Age (year) 15.96 0.42 16.55 0.50
Height (cm) 165.00 4.44 166.37 6.77
Weight (k%) 58.96 1.24 61.93 8.84
BMI (kg/m”) 20.82 2.98 22.86 3.15

Table 2 illustrates the mean and SD of PA pattern,
along with the outcomes of the paired t-tests. The
accelerometer data demonstrate that prior to the
pandemic, participants engaged in SB for 67.71% of their
total time. However, during the pandemic, this figure
rose significantly to 71.00% (P=0.03). The proportions of
light and moderate PA remained consistent before and
during the pandemic, with P-values of 0.864 and 0.711,
respectively. In contrast, there was a marked decline in
vigorous PA, which decreased from an average of 3.99%
to 1.32% (P=0.001), and MVPA fell from 8.08% to 5.18%

(P=0.001). In terms of absolute values, the total time
allocated to MVPA diminished from an average of 328
minutes to 144 minutes (P=0.001), while daily MVPA
decreased from 46 minutes to 20 minutes (P=0.001).
These figures are significantly below international
guideline. Notably, even before the pandemic, only 21%
of female participants met the recommended MVPA
levels; during the pandemic, this number dropped to
zero. Consequently, daily energy expenditure also saw
a significant reduction, falling from 547 kcal to 319 kcal
(P=0.001).

Table 2. Mean and Standard Deviation of PA Variables.

Variables Before During Paired t-Test
Mean SD Mean SD
Sedentary Behavior (%) 67.71 2.93 71.00 4.07 £=2.291
P=0.030*
Light PA (%) 24.21 2.68 23.82 2.67 t=0.287
P=0.864
Moderate PA% 4.09 113 3.86 0.93 t=0.337
P=0.711
Vigorous PA¥ 3.99 1.42 132 0.99 t=5.720
P<0.001***
MVPA % 8.08 2.34 5.18 1.83 t=-8.760
P<0.001%**
Total MVPA 328.09 142.84 144.97 51.98 t=24.550
P<0.001***
Daily MVPA (minutes) 46.87 19.52 20.71 7.81 t=7.158
P<0.001%**
Energy Expenditure 547.71 227.64 319.26 70.34 t=4.365
(Kcal per day) P<0.001***

*P<0.05; ***P<0.001

4. Discussion

This study employed contemporary accelerometers
and a longitudinal study design to objectively assess PA
levels of female adolescents over time, from pre to after
the COVID-19 pandemic. Initially, our analysis revealed
a significant rise in both weight and BMI among female
adolescents from the pre-pandemic period to the
duration of the pandemic. This observation aligns with
findings from previous research (e.g., 32,33) and may
serve as an initial indication of the potential effects of
social isolation measures. However, it is important to
recognize that the observed increase in weight and BMI
may also be attributed to the typical physical
development associated with this age group.

The primary aim of the research was to examine the
PA patterns of adolescents before and during the
pandemic. The results indicate a pronounced negative
impact of social isolation measures on these behaviors.
Specifically, there was a significant increase in SB from
the pre-pandemic period to the pandemic phase, while
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levels of vigorous PA and MVPA experienced a
significant decline. For instance, prior to the onset of
the pandemic, female adolescents engaged in an
average of approximately 46 minutes of MVPA daily,
which is already below international
recommendations. However, during the pandemic,
this average was reduced to merely 20 minutes per day.
It is noteworthy that no significant alterations were
observed in light and moderate PA, which represent
the less intense categories of PA.

In accordance with international recommendation,
our findings indicate that prior to the onset of the
pandemic, only 21% of adolescents met this guideline.
Conversely, a significant majority, comprising 79%,
engaged in PA for less than 60 minutes, with 14%
participating for fewer than 30 minutes. During the
pandemic, none of the participants managed to
achieve 60 minutes or more of MVPA; only 14% of female
adolescents reported engaging in at least 30 minutes of
MVPA, while the majority remained largely inactive.
Overall, these observations reveal a marked decline in
health-related PA levels.
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Recent research has indicated a significant decrease
in PA among youth as a result of the social isolation
measures implemented during the pandemic (15-23).
However, to our knowledge, no studies have employed
objective methodologies to quantify PA and present
results in terms of precise minutes of MVPA. Some
investigations have assessed MVPA among adolescents
during the pandemic through self-reported surveys.
For instance, findings revealed that Greek adolescents
(34) and children in the United States (35) engaged in
only 24 and 34 minutes of MVPA per day, respectively.
In our study, we observed an even lower average of 20
minutes of MVPA among participants, which may be
attributed to several factors. First, self-reporting
methods typically yield inflated PA estimates
compared to objective measures like accelerometry, as
individuals often overrate their activity levels (25-27).
Second, unlike the aforementioned studies, our
research focused solely on female adolescents, and
existing literature consistently indicates that girls are
generally less physically active than boys (12,13,36).
Finally, it is plausible that cultural and socioeconomic
disparities between Iranian youth and their
counterparts in Western nations contribute to this
observation. In Iran and other predominantly Muslim
countries, young women often encounter various
regulations that limit their options for sports and PA.

In conclusion, consistent with earlier research, our
results indicate a significant adverse effect of social
isolation measures on the PA behaviors of adolescents.
Notably, the more vigorous and health-promoting
forms of PA experienced a substantial decline, with
reductions exceeding fifty percent in this study.
Additionally, our findings suggest that PA levels of
female Muslim adolescents may be disproportionately
impacted by the pandemicrelated restrictions
compared to those of other youth demographics.

From a methodological perspective, the current
study exhibits both advantages and limitations. Unlike
earlier research, PA was assessed objectively using
accelerometers, thereby minimizing the potential for
bias stemming from subjective inaccuracies.
Additionally, the longitudinal design of the study
represents another significant strength. By measuring
the PA of the same group of adolescents both before
and during the pandemic, the study effectively
captures changes in their daily PA, allowing for an
evaluation of the effects of pandemic-related
interventions.

The study's limitations stem from the
organizational constraints that permitted only female
youth to be included, resulting in a relatively small
sample size. Prior to the pandemic, a larger cohort of
students was surveyed; however, due to various
concerns and apprehensions, only 29 students and
their parents consented to participate during the
pandemic. Additionally, the lack of control over the
participants' socioeconomic status restricts our ability
to assess the potential influence of this variable. Future
research should incorporate these factors to adopt a
more holistic approach in evaluating the effects of
various measures or conditions on adolescents' PA.

4.1. Conclusion

This research represents one of the initial efforts to
objectively and longitudinally assess the effects of the
COVID-19 pandemic on PA among female adolescents.
The results indicated a significant increase in both BMI
and SB among participants from the pre- to after the
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pandemic, while levels of more vigorous PA notably
declined during this time. From a health standpoint, it
is particularly concerning that prior to the onset of the
pandemic, only 20% of female adolescents met the
guideline of engaging in 60 minutes or more of MVPA
daily, which is essential for their long-term healthy
development. Unsurprisingly, none of the participants
in our study approached this guideline during the
pandemic. Collectively, these findings underscore the
susceptibility of young females, particularly regarding
their health behaviors during crises. It is crucial that
the needs of youth are prioritized during such periods
to avert long-term adverse effects on their health,
psychological well-being, and social development.
Implementing strategies and initiatives to encourage
adequate PA among youth, even in challenging
circumstances, would be a vital measure in this
context.

Acknowledgments

The author is grateful to all participants who
participated in this research.

Footnotes

Authors’ Contribution: This study was carried out solely
by the corresponding author.

Conflict of Interests: The researcher confirms that there
is no conflict of interests in this study with any
participant.

Data Availability: The data that support the findings of
this study are openly available upon request from the
corresponding author.

Ethical Approval: The author confirms that all steps and
requirements of this study comply with ethical
guidelines. Participants were informed about the
characteristics of the study and gave written informed
consent.

Funding/Support: This research received no external
funding.

Informed Consent: Informed written consent was
obtained from all participants.

Supplementary Information accompanies this paper at
doi: 10.61186/pach.2024.489761.1039

ORCIDiD

Saeed Ghorbani
8030

https://orcid.org/0000-0001-5670-

References

1. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta
Biomed. 2020;91(1):157-160. [PubMed ID: 32191675]. [PubMed Central
ID: PMC7569573]. doi: 10.23750/abm.v91i1.9397.

2. Bedford ], Enria D, Giesecke ], Heymann DL, Ihekweazu C, Kobinger
G, Lane HC, Memish Z, Oh MD, Sall AA, Schuchat A, Ungchusak K,
Wieler LH; WHO Strategic and Technical Advisory Group for
Infectious Hazards. COVID-19: towards controlling of a pandemic.
Lancet. 2020;395(10229):1015-1018. [PubMed ID: 32197103]. [PubMed
Central ID: PMC7270596]. doi: 10.1016/S0140-6736(20)30673-5.

3. Diaz KM, Duran AT, Colabianchi N, Judd SE, Howard V], Hooker SP.
Potential Effects on Mortality of Replacing Sedentary Time with
Short Sedentary Bouts or Physical Activity: A National Cohort
Study. Am ] Epidemiol. 2019;188(3):537-544. [PubMed ID: 30551177].
[PubMed Central ID: PMC6395167]. doi: 10.1093/aje/kwy271.

4. Rodriguez-Ayllon M, Cadenas-Sanchez C, Estévez-Lépez F, Mufioz
NE, Mora-Gonzalez ], Migueles JH, Molina-Garcia P, Henriksson H,

Phys. Act. Child. 2024; 1(2): e489761.


https://doi.org/10.61186/pach.2024.489761.1039
https://doi.org/10.61186/pach.2024.489761.1039
https://doi.org/10.61186/pach.2024.489761.1039
https://orcid.org/0000-0001-5670-8030
https://orcid.org/0000-0001-5670-8030
https://pubmed.ncbi.nlm.nih.gov/32191675/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7569573/
https://doi.org/10.23750/abm.v91i1.9397
https://pubmed.ncbi.nlm.nih.gov/32197103/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7270596/
https://doi.org/10.1016/s0140-6736(20)30673-5
https://pubmed.ncbi.nlm.nih.gov/30551177/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6395167/
https://doi.org/10.1093/aje/kwy271
https://orcid.org/0000-0001-5670-8030

Ghorbani et al.

20.

Mena-Molina A, Martinez-Vizcaino V, Catena A, Lof M, Erickson KI,
Lubans DR, Ortega FB, Esteban-Cornejo I. Role of Physical Activity
and Sedentary Behavior in the Mental Health of Preschoolers,
Children and Adolescents: A Systematic Review and Meta-Analysis.
Sports Med. 2019;49(9):1383-1410. [PubMed ID: 30993594]. doi:
10.1007/540279—019—01099-5.

Patterson R, McNamara E, Tainio M, de S& TH, Smith AD, Sharp SJ,
Edwards P, Woodcock |, Brage S, Wijndaele K. Sedentary behaviour
and risk of all-cause, cardiovascular and cancer mortality, and
incident type 2 diabetes: a systematic review and dose response
meta-analysis. Eur | Epidemiol. 2018;33(9):811-829. [PubMed ID:
29589226]. [PubMed Central ID: PMC6133005]. doi: 10.1007/s10654-
018-0380-1.

Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley
RC, Goldfield G, Connor Gorber S. Systematic review of sedentary
behaviour and health indicators in school-aged children and
youth. Int | Behav Nutr Phys Act. 2011;8:98. [PubMed ID: 21936895].
[PubMed Central ID: PMC3186735]. doi: 10.1186/1479-5868-8-98.
Marker AM, Steele RG, Noser AE. Physical activity and health-
related quality of life in children and adolescents: A systematic
review and meta-analysis. Health Psychol. 2018;37(10):893-903.
[PubMed ID: 30234348]. doi: 10.1037/hea0000653.

Poitras V], Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I,
Katzmarzyk PT, Pate RR, Connor Gorber S, Kho ME, Sampson M,
Tremblay MS. Systematic review of the relationships between
objectively measured physical activity and health indicators in
school-aged children and youth. Appl Physiol Nutr Metab.
2016;41(6 Suppl 3):5197-239. [PubMed ID: 27306431]. doi:
10.1139/apnm-2015-0663.

Warburton DER, Bredin SSD. Health benefits of physical activity: a
systematic review of current systematic reviews. Curr Opin
Cardiol.  2017;32(5):541-556. [PubMed ID: 28708630]. doi:
10.1097/HCO.0000000000000437.

Huotari P, Nupponen H, Mikkelsson L, Laakso L, Kujala U.
Adolescent physical fitness and activity as predictors of adulthood
activity. ] Sports Sci. 2011;29(11):1135-41. [PubMed ID: 21777154]. doi:
10.1080/02640414.2011.585166.

Telama R, Yang X, Viikari ], Vdliméki I, Wanne O, Raitakari O.
Physical activity from childhood to adulthood: a 21-year tracking
study. Am | Prev Med. 2005;28(3):267-73. [PubMed ID: 15766614]. doi:
10.1016/j.amepre.2004.12.003.

Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in
insufficient physical activity from 2001 to 2016: a pooled analysis of
358 population-based surveys with 1-9 million participants. Lancet
Glob  Health.  2018;6(10):e1077-e1086.  doi:  10.1016/S2214-
109X(18)30357-7. Erratum in: Lancet Glob Health. 2019;7(1):e36.
[PubMed ID: 30193830]. doi: 10.1016/52214-109X(18)30454-6.

Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in
insufficient physical activity among adolescents: a pooled analysis
of 298 population-based surveys with 1-6 million participants.
Lancet Child Adolesc Health. 2020;4(1):23-35. [PubMed ID: 31761562].
[PubMed Central ID: PMC6919336]. doi: 10.1016/S2352-4642(19)30323-
2.

Sallis JF, Bull F, Guthold R, Heath GW, Inoue S, Kelly P, Oyeyemi AL,
Perez LG, Richards ], Hallal PC; Lancet Physical Activity Series 2
Executive Committee. Progress in physical activity over the
Olympic quadrennium. Lancet. 2016;388(10051):1325-36. [PubMed
ID: 27475270]. doi: 10.1016/S0140-6736(16)30581-5.

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. [PubMed ID: 32887592].
[PubMed Central ID: PMC7472405]. doi: 10.1186/512889-020-09429-3.
Elnaggar RK, Algahtani BA, Mahmoud WS, Elfakharany MS. Physical
Activity in Adolescents During the Social Distancing Policies of the
COVID-19 Pandemic. Asia Pac ] Public Health. 2020;32(8):491-494.
[PubMed ID: 33016086]. doi: 10.1177/1010539520963564.

Ghorbani S, Afshari M, Eckelt M, Dana A, Bund A. Associations
between Physical Activity and Mental Health in Iranian
Adolescents during the COVID-19 Pandemic: An Accelerometer-
Based Study. Children (Basel). 2021;8(11):1022. [PubMed ID:
34828736].  [PubMed  Central ID: PMC8618706].  doi:
10.3390/children8111022.

Gilic B, Ostojic L, Corluka M, Volaric T, Sekulic D. Contextualizing
Parental/Familial Influence on Physical Activity in Adolescents
before and during COVID-19 Pandemic: A Prospective Analysis.
Children (Basel). 2020;7(9):125. [PubMed ID: 32899277]. [PubMed
Central ID: PMC7552694]. doi: 10.3390/children7090125.

Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T,
Ferguson L], Mitra R, O'Reilly N, Spence ]JC, Vanderloo LM, Tremblay
MS. Impact of the COVID-19 virus outbreak on movement and play
behaviours of Canadian children and youth: a national survey. Int |
Behav Nutr Phys Act. 2020;17(1):85. [PubMed ID: 32631350]. [PubMed
Central ID: PMC7336091]. doi: 10.1186/512966-020-00987-8.
Munasinghe S, Sperandei S, Freebairn L, Conroy E, Jani H,
Marjanovic S, Page A. The Impact of Physical Distancing Policies
During the COVID-19 Pandemic on Health and Well-Being Among
Australian Adolescents. ] Adolesc Health. 2020;67(5):653-661.
[PubMed ID: 33099413]. [PubMed Central ID: PMC7577185]. doi:
10.1016/j.jadohealth.2020.08.008.

Phys. Act. Child. 2024;1(2): e489761.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

3L

32.

33.

34.

35.

36.

Ruiz-Roso MB, de Carvalho Padilha P, Matilla-Escalante DC, Brun P,
Ulloa N, Acevedo-Correa D, Arantes Ferreira Peres W, Martorell M,
Rangel Bousquet Carrilho T, de Oliveira Cardoso L, Carrasco-Marin
F, Paternina-Sierra K, Lopez de Las Hazas MC, Rodriguez-Meza JE,
Villalba-Montero LF, Bernabe G, Pauletto A, Taci X, Carcamo-Regla
R, Martinez JA, Davalos A. Changes of Physical Activity and Ultra-
Processed Food Consumption in Adolescents from Different
Countries during Covid-19 Pandemic: An Observational Study.
Nutrients. 2020;12(8):2289. [PubMed ID: 32751721]. [PubMed Central
ID: PMC7468997]. doi: 10.3390/nu12082289.

Schmidt SCE, Anedda B, Burchartz A, Eichsteller A, Kolb S, Nigg C,
Niessner C, Oriwol D, Worth A, Woll A. Physical activity and screen
time of children and adolescents before and during the COVID-19
lockdown in Germany: a natural experiment. Sci Rep.
2020;10(1):21780. doi: 10.1038/s41598-020-78438-4. Erratum in: Sci
Rep. 2021;11(1):24329. [PubMed ID: 33311526]. [PubMed Central ID:
PMC7733438]. doi: 10.1038/s41598-021-03905-5.

Guo YF, Liao MQ, Cai WL, Yu XX, Li SN, Ke XY, Tan SX, Luo ZY, Cui YF,
Wang Q, Gao XP, Liu ], Liu YH, Zhu S, Zeng FF. Physical activity,
screen exposure and sleep among students during the pandemic
of COVID-19. Sci Rep. 2021;11(1):8529. [PubMed ID: 33879822].
[PubMed Central ID: PMC8058040]. doi: 10.1038/s41598-021-88071-4.
Yomoda K, Kurita S. Influence of social distancing during the
COVID-19 pandemic on physical activity in children: A scoping
review of the literature. ] Exerc Sci Fit. 2021;19(3):195-203. [PubMed
ID: 34135976]. [PubMed Central ID: PMC8164031]. doi:
10.1016/j.jesf.2021.04.002.

Arvidsson D, Fridolfsson J, Borjesson M. Measurement of physical
activity in clinical practice using accelerometers. ] Intern Med.
2019;286(2):137-153. [PubMed ID: 30993807]. doi: 10.1111/joim.12908.
Slootmaker SM, Schuit AJ, Chinapaw M], Seidell |C, van Mechelen
W. Disagreement in physical activity assessed by accelerometer
and self-report in subgroups of age, gender, education and weight
status. Int | Behav Nutr Phys Act. 2009;6:17. [PubMed ID: 19320985].
[PubMed Central ID: PMC2670257]. doi: 10.1186/1479-5868-6-17.
Marasso D, Lupo C, Collura S, Rainoldi A, Brustio PR. Subjective
versus Objective Measure of Physical Activity: A Systematic Review
and Meta-Analysis of the Convergent Validity of the Physical
Activity Questionnaire for Children (PAQ-C). Int ] Environ Res
Public Health. 2021;18(7):3413. [PubMed ID: 33806106]. [PubMed
Central ID: PMC8036389]. doi: 10.3390/ijerph18073413.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG.
Calibration of two objective measures of physical activity for
children. ] Sports Sci. 2008;26(14):1557-65. [PubMed ID: 18949660].
doi: 10.1080/02640410802334196.

Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of
accelerometer wear and nonwear time classification algorithm.
Med Sci Sports Exerc. 2011;43(2):357-64. [PubMed ID: 20581716].
[PubMed Central ID: PM(C3184184]. doi:
10.1249/MSS.Ob013631816d61a3.

Migueles JH, Cadenas-Sanchez C, Alcantara JMA, Leal-Martin J,
Manas A, Ara I, Glynn NW, Shiroma EJ. Calibration and Cross-
Validation of Accelerometer Cut-Points to Classify Sedentary Time
and Physical Activity from Hip and Non-Dominant and Dominant
Wrists in Older Adults. Sensors (Basel). 2021;21(10):3326. [PubMed
ID: 34064790]. [PubMed Central ID: PMC8150960]. doi:
10.3390/521103326.

Phillips SM, Summerbell C, Hobbs M, Hesketh KR, Saxena S, Muir C,
Hillier-Brown FC. A systematic review of the validity, reliability,
and feasibility of measurement tools used to assess the physical
activity and sedentary behaviour of pre-school aged children. Int |
Behav Nutr Phys Act. 2021;18(1):141. [PubMed ID: 34732219]. [PubMed
Central ID: PMC8567581]. doi: 10.1186/s12966-021-01132-9.

Brooks CG, Spencer IR, Sprafka [M, Roehl KA, Ma |, Londhe AA, He F,
Cheng A, Brown CA, Page |. Pediatric BMI changes during COVID-19
pandemic: An electronic health record-based retrospective cohort
study. EClinicalMedicine. 2021;38:101026. [PubMed ID: 34337366].
[PubMed Central ID: PMC8318998]. doi: 10.1016/j.eclinm.2021.101026.
Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K,
Bacopoulou F, Psaltopoulou T, Tsolia M, Sergentanis TN, Tsitsika A.
Obesity in Children and Adolescents during COVID-19 Pandemic.
Children (Basel). 2021;8(2):135. [PubMed ID: 33673078]. [PubMed
Central ID: PMC7918914]. doi: 10.3390/children8020135.

Morres ID, Galanis E, Hatzigeorgiadis A, Androutsos O, Theodorakis
Y. Physical Activity, Sedentariness, Eating Behaviour and Well-
Being during a COVID-19 Lockdown Period in Greek Adolescents.
Nutrients. 2021;13(5):1449. [PubMed ID: 33923341]. [PubMed Central
ID: PMC8147023]. doi: 10.3390/nu13051449.

Tulchin-Francis K, Stevens W [r, Gu X, Zhang T, Roberts H, Keller [,
Dempsey D, Borchard [, [eans K, VanPelt [. The impact of the
coronavirus disease 2019 pandemic on physical activity in U.S.
children. | Sport Health Sci. 2021;10(3):323-332. [PubMed ID:
33657464]. [PubMed Central ID: PMC8167336]. doi:
10.1016/j.jshs.2021.02.005.

Ishii K, Shibata A, Adachi M, Nonoue K, Oka K. Gender and grade
differences in objectively measured physical activity and
sedentary behavior patterns among Japanese children and
adolescents: a cross-sectional study. BMC Public Health.
2015;15:1254. [PubMed ID: 26679503]. [PubMed Central ID:
PMC4683705]. doi: 10‘1186/512889-015-2607—3.

73


https://pubmed.ncbi.nlm.nih.gov/30993594/
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1007/s40279-019-01099-5
https://pubmed.ncbi.nlm.nih.gov/29589226/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6133005/
https://doi.org/10.1007/s10654-018-0380-1
https://doi.org/10.1007/s10654-018-0380-1
https://pubmed.ncbi.nlm.nih.gov/21936895/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3186735/
https://doi.org/10.1186/1479-5868-8-98
https://pubmed.ncbi.nlm.nih.gov/30234348/
https://doi.org/10.1037/hea0000653
https://pubmed.ncbi.nlm.nih.gov/27306431/
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1139/apnm-2015-0663
https://pubmed.ncbi.nlm.nih.gov/28708630/
https://doi.org/10.1097/hco.0000000000000437
https://doi.org/10.1097/hco.0000000000000437
https://pubmed.ncbi.nlm.nih.gov/21777154/
https://doi.org/10.1080/02640414.2011.585166
https://doi.org/10.1080/02640414.2011.585166
https://pubmed.ncbi.nlm.nih.gov/15766614/
https://doi.org/10.1016/j.amepre.2004.12.003
https://doi.org/10.1016/j.amepre.2004.12.003
https://pubmed.ncbi.nlm.nih.gov/30193830/
https://doi.org/10.1016/s2214-109x(18)30357-7
https://pubmed.ncbi.nlm.nih.gov/31761562/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6919336/
https://doi.org/10.1016/s2352-4642(19)30323-2
https://doi.org/10.1016/s2352-4642(19)30323-2
https://pubmed.ncbi.nlm.nih.gov/27475270/
https://doi.org/10.1016/s0140-6736(16)30581-5
https://pubmed.ncbi.nlm.nih.gov/32887592/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7472405/
https://doi.org/10.1186/s12889-020-09429-3
https://pubmed.ncbi.nlm.nih.gov/33016086/
https://doi.org/10.1177/1010539520963564
https://pubmed.ncbi.nlm.nih.gov/34828736/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8618706/
https://doi.org/10.3390/children8111022
https://doi.org/10.3390/children8111022
https://pubmed.ncbi.nlm.nih.gov/32899277/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7552694/
https://doi.org/10.3390/children7090125
https://pubmed.ncbi.nlm.nih.gov/32631350/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7336091/
https://doi.org/10.1186/s12966-020-00987-8
https://pubmed.ncbi.nlm.nih.gov/33099413/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7577185/
https://doi.org/10.1016/j.jadohealth.2020.08.008
https://doi.org/10.1016/j.jadohealth.2020.08.008
https://pubmed.ncbi.nlm.nih.gov/32751721/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7468997/
https://doi.org/10.3390/nu12082289
https://pubmed.ncbi.nlm.nih.gov/33311526/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7733438/
https://doi.org/10.1038/s41598-020-78438-4
https://pubmed.ncbi.nlm.nih.gov/33879822/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8058040/
https://doi.org/10.1038/s41598-021-88071-4
https://pubmed.ncbi.nlm.nih.gov/34135976/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8164031/
https://doi.org/10.1016/j.jesf.2021.04.002
https://doi.org/10.1016/j.jesf.2021.04.002
https://pubmed.ncbi.nlm.nih.gov/30993807/
https://doi.org/10.1111/joim.12908
https://pubmed.ncbi.nlm.nih.gov/19320985/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2670257/
https://doi.org/10.1186/1479-5868-6-17
https://pubmed.ncbi.nlm.nih.gov/33806106/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8036389/
https://doi.org/10.3390/ijerph18073413
https://pubmed.ncbi.nlm.nih.gov/18949660/
https://doi.org/10.1080/02640410802334196
https://pubmed.ncbi.nlm.nih.gov/20581716/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3184184/
https://doi.org/10.1249/mss.0b013e3181ed61a3
https://doi.org/10.1249/mss.0b013e3181ed61a3
https://pubmed.ncbi.nlm.nih.gov/34064790/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8150960/
https://doi.org/10.3390/s21103326
https://doi.org/10.3390/s21103326
https://pubmed.ncbi.nlm.nih.gov/34732219/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8567581/
https://doi.org/10.1186/s12966-021-01132-9
https://pubmed.ncbi.nlm.nih.gov/34337366/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8318998/
https://doi.org/10.1016/j.eclinm.2021.101026
https://pubmed.ncbi.nlm.nih.gov/33673078/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7918914/
https://doi.org/10.3390/children8020135
https://pubmed.ncbi.nlm.nih.gov/33923341/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8147023/
https://doi.org/10.3390/nu13051449
https://pubmed.ncbi.nlm.nih.gov/33657464/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8167336/
https://doi.org/10.1016/j.jshs.2021.02.005
https://doi.org/10.1016/j.jshs.2021.02.005
https://pubmed.ncbi.nlm.nih.gov/26679503/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4683705/
https://doi.org/10.1186/s12889-015-2607-3

