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Summary

Background: The coronavirus disease 2019 (COVID-19) pandemic could have
provoked undesirable harmful effects on movement behaviours among children.
Objective: To compare levels of physical activity (PA), sedentary behaviour (SB), and
sleep time in children prior to and during the COVID-19 pandemic (after the lock-
down) and to determine the association between changes in moderate-to-vigorous
PA (MVPA), total PA (TPA), SB, and sleep time between mothers and fathers with
their children.

Methods: A total of 110 children (aged 4-7 years) and their parents (63 mothers and
52 fathers) wore GENEActiv accelerometers for 6 days (4 weekdays and 2 weekend
days) prior to the pandemic and 1 year into the pandemic to assess SB, MVPA, TPA,
and sleep time.

Results: Children performed more MVPA on weekdays (p = 0.002), had higher SB
(p = 0.001), and slept fewer hours during the pandemic than before (p < 0.001). Like-
wise, children performed more weekend day MVPA and TPA (p < 0.001) during the
pandemic, and slept less than prior to the pandemic (p = 0.002). On weekdays, an
increase in mother's MVPA and TPA (categorized as tertiles) was associated with
higher increased on MVPA (p = 0.030) and TPA in their children (p = 0.023), respec-
tively. On weekends, an increase in mother's MVPA was also associated with higher
increases in MVPA (p = 0.011) in their children.

Conclusion: During the pandemic, children got more MVPA, more SB, and slept
fewer hours than before. Changes in PA seem to be associated with mother's behav-

iours, especially during weekdays.

KEYWORDS
accelerometer, activity, coronavirus, family research, moderate to vigorous physical, sedentary
behaviour

1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by the novel severe
acute respiratory coronavirus 2 (SARS-CoV-2) emerged in China at
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the end of 2019, before quickly spreading worldwide.! The crisis was
declared a pandemic by WHO on March 11th, 2020, and Spain insti-
gated a mandatory home “lockdown” from March 14th to April 26th
2020, which resulted in mass destruction of civil life and relationships.
All non-essential businesses were closed (including bars, restaurants,
and leisure centres), and it was forbidden to gather in houses. Oppor-
tunities for movement were greatly affected because of local curfews
and perimeter closures, and social relationships were limited to people
living together. For schoolchildren, the lockdown measures were
especially disruptive because schools, sports centres, and playgrounds
were closed, and they were quarantined at home with their parents.
During year 2021, school time is less flexible because of physical dis-
tancing measures; for example, children must spend most of their time
in the same place, with the same partners, and they cannot mix with
children from other classes.

Overall, the COVID-19 pandemic is related to changes in the
quantity and nature of physical activity (PA), sedentary behaviour
(SB), and sleep among children and youth.? Specifically, there is a
growing body of evidence demonstrating the significant impact of the
COVID-19 lockdown on these movement behaviours in Spanish pre-
schoolers.>* For example, Lépez-Bueno et al.® showed, by self-
reported questionnaire, that preschoolers (3-5 years old) reduced
their total physical activity (TPA) by 92 min per day (from 223 to
131 min) and increased their recreational screen time exposure by
2.2 h per day (from 1.7 to 3.9 hours) during the lockdown. These find-
ings are consistent with another study showing the negative effects
of the COVID-19 lockdown on PA levels, SB and sleep quality,* as
measured objectively with accelerometers. By contrast and in another
European country, Swedish preschooler's weekday and weekend day
PA and time spent outside increased during the pandemic (parental
reported), but screen time also increased.” In the same way, Fillon
et al.® analysed 348 French children and showed that a total of 25.0%
of the children to decrease, 24.7% maintained, and 50.3% increase
their PA during the lockdown.

Overall, since the beginning of the pandemic, preschoolers per-
formed fewer organized physical activities, and spent more time
indoors.2” For instance, a longitudinal survey of 14 countries
reporting the effects of COVID-19 on these behaviours among 3-
5-year-olds found that sedentary screen time increased during the
pandemic and there were small changes in PA® Likewise, a study in
Dutch youths aged 4-18 years investigated the effect of COVID-19
measures on screen time and PA prior and post-school closures, find-
ing that children were less physically active, and screen time was
higher following the school closures.’ This finding is contrary to that

of Hurter et al.°

who found that PA levels of upper primary school
children aged 4-6 years increased immediately upon return to school.

The COVID-19 pandemic has made children spend more time
with their families, especially on weekdays, and the influence of par-
ents on children's PA could be stronger than usual on weekends due
to the above-mentioned restrictions. Along this line, several studies
have looked for associations of PA between preschoolers and their
parents, prior to the pandemic.***? One study indicated that most

mothers reported infrequent co-participation in PA with their

children.’? By contrast, Xu et al.'* found that SB and PA levels of
parents can strongly influence those of their preschool children, with
maternal influence stronger during the weekdays and paternal influ-
ence stronger on the weekends. Although this information is currently
not available for the current pandemic, the aforementioned longitudi-
nal survey by Okely et al.8 highlights the important role parents play
in supporting their children to participate in healthy levels of move-
ment behaviours during the pandemic.

Accordingly, the purpose of the present study was two-fold: to
analyse PA, SB, and sleep time in Spanish children's pre- and during
the COVID-19 pandemic; and to determine the association between
changes in MVPA, TPA, SB, and sleep time between mothers and
fathers with their children's movement behaviours. We hypothesized
that children would have less PA and sleep time during the pandemic

and that parents would influence their movement behaviour.

2 | MATERIAL AND METHODS

21 | Study design and participants

Using a longitudinal study design from the “Observatorio de Actividad
Fisica en escolares de 3 a 9 afos, https://observatorioactividadfisica.
es,” we enrolled 110 children (54 boys and 56 girls) 4-7 years old
(mean age 5.77) and 115 parents (63 mothers and 52 fathers). Partici-
pants were enrolled from two different schools: a private school,
Santa Maria la Real-Maristas, and a state school, San Juan de la
Cadena, via non-probabilistic sampling from Pamplona, Spain. In
September of 2019, the principal investigator had a meeting with
the school heads to explain the goals of the project. In October of
2019, parents/guardians of children were informed of the study
objectives during parent/guardian meetings at participating schools
and were invited to review the study protocol. Recruitment 1 was
carried out from January to March of 2020. After summer holidays,
the investigator team had another meeting with the school heads
and the parent/guardian to perform a second measurement 1 year
later (January to March 2021, recruitment 2) as shown in Figure 1.
The protocol was approved prior to COVID-19, however, investiga-
tors adjusted the protocol to follow the safety guidelines following
the requirements set-out by the government of Spain and each
school.

Exclusion criteria included injury/surgery in the last month,
and/or any medical limitation/restrictions on physical ability testing.
Parent/guardian informed consent and children informed assent were
obtained. The study protocol was completed in accordance with the
Helsinki Declaration and was approved by the Ethics Committee of
the Universidad Publica de Navarra (CENEDUCA1/2019).

2.2 | Measures and procedures

Anthropometric measures (height, weight, and body mass index [BMI])

were evaluated according to the CDC-NHANES Survey protocol by
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FIGURE 1 Timeline and participants in the longitudinal study

trained evaluators.’® Height was measured in the Frankfurt position
using a SECA 213® stadiometer with 1-mm precision and weight was
measured using a Tanita DC-430MAS scale with 100 g precision, in
light clothing and bare feet. BMI was calculated in kg/m? using mea-
sured weight and height.

Maternal education level was obtained by asking mothers about
the highest level of education, which was dichotomized as university
education and below. Maternal education is a key predictor of other
resources within the family that strongly predicts childrens' well-
being. 14

Socioeconomic status (SES) was measured according to the level of
average income per family unit. Socioeconomic factors have been
reported as lifestyle determinants during the COVID-19 lockdown in
children and adolescents.*®

Accelerometry measures were computed with a tri-axial GEN-
EActiv Original accelerometer during 6 consecutive days (4 weekdays
and 2 weekend days) days (full time) at a frequency of 87.5 Hz,¢
worn on the non-dominant hand. Accelerometer data were extracted
using the GENEActiv PC Software (version 3.3) and processed and
analysed using the R-package GGIR.1” Children must have worn the
monitor for 2600 min during wake time and an average sleep
time = 200 min, in each of the 6 days recorded. Specific cut-points
for children and adults were applied to determine sedentary time,
and light, moderate, and vigorous PA (i.e., TPA). For children, we
used the following cut-offs: <56.3 (sedentary time),*® 56.3 mg (light
191.6 mg
and > 695.8 mg (vigorous physical activity).!® For adults, we used

physical activity), (moderate  physical activity),
the following cut-offs: <45.8 (sedentary time),'® 45.8 mg (light physi-
cal activity), 93.2 mg (moderate physical activity), and > 418.3 mg
(vigorous physical activity).2” According to van Hees et al.,%° a sleep
algorithm was used to detect sleep and wake between self-reported

bedtime and get uptime.

Second
parents 2
meeting
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2.3 | Data analysis
Data are presented as means (SD or SE) or absolute and relative prev-
alence (n [%]). Normality was tested using one-sample Kolmogorov-
Smirnov. The PA variables were found not to be normally distributed.
An analysis of covariance was employed to evaluate differences
in changes in PA (TPA and MVPA), SB, and sleep time on weekdays
and on weekends in children and their parents prior to and during the
COVID-19 pandemic. In addition, changes on MVPA, TPA, SB, and
sleep time of mothers and fathers during this period were categorized
into tertiles to determine associations with changes in their children's
movement behaviour on weekdays and weekends. We performed our
analysis separately because there are findings showing different asso-
ciations between mothers and fathers with their children.?* Finally, a
post-hoc analysis of Kruskal-Wallis test results was performed using
the Dunn test and was adjusted by age, sex (only in children), and SES.
A p-value <0.05 was defined as statistically significant using p
Holm adjustment. Cohen's d effect size was used to assess the magni-
tude of differences within groups and between groups (Cohen's d)
and classified as small (d = 0.20-0.49), moderate (d = 0.50-0.79), and
large (d = 0.80).22 All statistical analysis was performed using JASP
software (JASP Team, 2018).

3 | RESULTS
Table 1 shows the sample characteristics of participating children by
sex prior to and during the COVID-19 pandemic. Significant differ-
ences were observed only in monthly family income (p = 0.025)
(Table 1).

Table 2 shows the differences between PA, SB, and sleep time

prior to and during COVID-19 pandemic. On weekdays, children
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TABLE 1  Sample characteristics of children prior to and during the COVID-19 pandemic

Prior to pandemic (n = 124) During pandemic (n = 110)

Boys (n = 62) Girls (n = 62) p Boys (n = 54) Girls (n = 56) p
Years (age) 5.70 5.83 0.179 6.70 6.83 0.179
Height (cm) 109.40 11048 0.696 121.26 120.77 0.622
Weight (kg) 23.67 21.83 0.481 25.20 24.03 0.160
Body mass index (kg/m?) 16.35 18.29 0.362 18.46 16.37 0.170
Maternal education *, n (%) 36 (57.45) 35 (56.86) 0.953
Monthly family income#, n (%) 20 (32.65) 34 (55.32) 0.025

*Mother with university studies.
#More or equal than 3000 euros (€).

showed an increase in MVPA (mean difference 10.70 min per day;
p = 0.002; d = 0.352) and SB (mean difference 31.59 min per day;
p = 0.001; d = 0.366) duration, and a decrease in sleep time (mean
difference — 0.60 h per day; p < 0.001; d = 0.620). On weekends,
children showed an increase in MVPA (mean difference 22.48 min per
day; p < 0.001; d = 0.624) and TPA (mean difference 29.87 min per
day; p < 0.001; d = 0.406) and a decrease their sleep time (mean
difference — 0.52 h; p = 0.002; d = — 0.344).

Mothers did not change their PA and sleep time (both weekdays
and weekends) but decreased SB on weekends (mean dif-
ference — 47.24 min per day; p = 0.049; d = 0.326). Fathers also
showed higher sleep time (mean difference 0.49 h per day; p = 0.045;
d = 0.364) on weekdays. In addition, fathers showed lower SB (mean
difference — 56.45 min per day; p = 0.005; d = 0.523), and higher
sleep time (mean difference 0.62 h per day; p = 0.031; d = 0.393) on
weekends (Table 2 ).

Figure 2 shows the association between changes in MVPA, TPA,
and SB in both parents (categorized as tertiles) and their children PA
levels on weekdays. Specifically, an increase in mother's MVPA
(T1 < T3;d = 1.279; p = 0.030) and TPA (categorized as tertiles) was
associated with higher increases in MVPA and TPA in their children
(T1<T3; d = 0.880; p = 0.023). On weekends, an increase in
mother's MVPA was associated with higher increases in MVPA in
their children (T1 < T2, d = —0.904, p = 0.011). However, contrary to
expectations, there was also a difference between tertiles (T2 < T3,
d = 0.686, p = 0.035) (Figure 3).

4 | DISCUSSION

We compared the levels of PA, SB, and sleep time in children aged
4-7 years prior to and during the pandemic, and we examined for
relationships between these behaviours and those of their parents.
Our main results are that, during the pandemic, the levels of MVPA
and SB increased in children during weekdays, and sleep time
decreased. Much the same was true at the weekend. Interestingly,
an increase in mother's MVPA during this period was positively
related with higher increases in MVPA in their children for both
weekdays and weekends.

Few studies have examined how the exit from the COVID-19
lockdown has affected movement behaviours in children. A longitudi-
nal study in Japanese preschoolers pre- and during COVID-19 found
that PA and adherence to WHO-recommended guidelines decreased
significantly, and also that children engaged in less weekday MVPA
and weekday and weekend light PA.” This Japanese study also
reported that both weekday and weekend SB increased during the
COVID-19 pandemic.” These results reflect those of Ten Velde et al.”
in Dutch children, who also showed that PA levels in children
decreased during the COVID-19 pandemic, while recreational screen
time increased. Contrary to expectations and the aforementioned
findings, our study shows that children increased their PA and SB and
decreased their sleep time during the pandemic. This finding is consis-
tent with that of Hurter et al.1® who showed that PA levels increased
significantly upon return to school and after the COVID-19 lockdown.

There are several possible explanations for our changes. One
explanation might be due to information about healthy habits
received by the families after the first assessments through the web
https://observatorioactividadfisica.es/ as well as individual reports of
the results. Specifically, the 68.1% of the families report that after the
first evaluation they did or tried to do more PA with their children.
Furthermore, restrictions and social distancing made children spend
more time with their families, which could have resulted in higher PA
levels. In fact, young children are less likely to go out independently
since they rely on parents or caretakers to accompany them.?® In
addition, perimeter closures reduced mobility to interprovincial move-
ments and, consequently, families could have made many excursions
around Navarre to nature sites. Second, we hypothesize that the
increase of SB in our sample may be due to the change in school stage
from early childhood education to primary education, which involves
a change in school routines and increased sedentary activities at
desks. Regarding sleep time, and in accordance with our findings, it
was recently reported that the wake-up- and bedtime of preschoolers
aged 2-5years was delayed after lockdown and sleep quality
deteriorated.?*

Regarding the relationships between parents and children's move-
ment behaviour during the pandemic, our results indicate that the PA
of children is related to their mother's behaviour, mainly MVPA.

Although it has been hypothesized that this relationship may vary
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Kruskal-Wallis and Dunn's post hoc test and adjusted by sex, age, and SES
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in their children's movement behaviour on weekends. SB, sedentary behaviour; T, tertil; TPA, total physical activity. Data were analysed by
Kruskal-Wallis and Dunn's post hoc test and adjusted by sex, age, and SES
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with environmental conditions,® and that some young children are
naturally physically active without parental intervention,?® our results
have been reported in recent studies. Specifically, our findings show
that an increase in mother's TPA was positively related with higher
increases in TPA in their children on weekdays. A possible explanation
for this might be that the majority of mothers were walking or cycling
together with their child as the main form of transport to the school,

as suggested by Hnatiuk et al'?

This above-mentioned study also
suggested that walking or cycling together in their free time was asso-
ciated with higher MVPA in both parties on weekends. Active travel
has previously been associated with greater PA in children aged
4 years.?® Xu et al.'* showed that children's PA levels on weekends
were influenced more by the father's PA than by the mother's
PA. This differs from the findings presented in our study. Therefore,
the relationships observed between PA of children and their mothers
might reflect the changes in behaviour before and during the COVID-
19 pandemic observed in the present study.

Some limitations need to be considered in the interpretation of
the findings of this study. First, the population might not be fully repre-
sentative of the general Spanish population, based on the distribution
of sex, age, school environment, and socioeconomic status. Another
limitation is that the study design was cross-sectional and so we can-
not establish the direction of the relationships. Finally, another bias is
the use of accelerometers, as these devices do not capture certain
types of activity well, such as cycling, climbing stairs, or swimming.
Also, because our results depend on the cut-off points used to deter-

mine each PA intensities, findings should be interpreted with caution.

5 | CONCLUSION

We conclude that during the pandemic after the COVID-19 lockdown,
children got more MVPA, more SB, and slept fewer hours than before,
which indicates that children's movement behaviours were slightly
affected by the COVID-19 pandemic. Increases in the PA levels of
children could be associated with their mother’ PA levels in this
period, especially on weekdays. Future studies are needed to confirm
whether these movement behaviours are maintained over time, with-
out social restrictions.

ACKNOWLEDGEMENTS

This study was funded by grant CENEDUCA1/2019 from the Depart-
ment of Education of the Government of Navarra (Spain). Dr. Antonio
Garcia-Hermoso is a Miguel Servet Fellow (Instituto de Salud Carlos
Ill - CP18/0150).

CONFLICT OF INTEREST
The authors declare that they have no conflict of interests.

AUTHOR CONTRIBUTIONS
Antonio Garcia-Hermoso and Alicia M. Alonso-Martinez conceptual-
ized and designed the study, drafted the initial manuscript, and

reviewed and revised the manuscript. Alicia M. Alonso-Martinez,

Yesenia Garcia-Alonso, and Gaizka Legarra-Gorgofion designed the
data collection instruments, collected data, carried out the initial ana-
lyses, and reviewed and revised the manuscript. Alicia M. Alonso-Mar-
tinez and Robinson Ramirez-Vélez conceptualized and designed the
study, coordinated and supervised data collection, and critically
reviewed the manuscript for important intellectual content. All
authors have read and approved the final version of the manuscript,

and agree with the order of presentation of the authors.

ORCID

Yesenia Garcia-Alonso "= https://orcid.org/0000-0001-7750-9460
https://orcid.org/0000-0002-1397-7182

https://orcid.org/0000-0002-1506-4272
https://orcid.org/0000-0002-6675-7212

https://orcid.org/0000-0003-3075-6960

https://orcid.org/0000-0002-7204-696X

Antonio Garcia-Hermoso
Mikel Izquierdo
Gaizka Legarra-Gorgofion
Robinson Ramirez-Vélez

Alicia M. Alonso-Martinez

REFERENCES

1. World Health Organization. WHO characterizes COVID-19 as a pan-
demic. 2021. Available at: https://www.paho.org/en/news/11-3-
2020-who-charact. Accessed 18 October 2021.].

2. Paterson DC, Ramage K, Moore SA, Riazi N, Tremblay MS,
Faulkner G. Exploring the impact of COVID-19 on the movement
behaviors of children and youth: a scoping review of evidence after
the first year. J Sport Health Sci. 2021;2546(21):00072-00077. doi:10.
1016/j.jshs.2021.07.001

3. Lépez-Bueno R, Lépez-Sanchez GF, Casajus JA, Calatayud J, Gil-
Salmerén A, Grabovac |, Tully MA, Smith L Health-related behaviors
among school-aged children and adolescents during the Spanish Covid-
19 confinement. Front Pediatr 2020;8. doi:10.3389/fped.2020.00573

4. Alonso-Martinez AM, Ramirez-Vélez R, Garcia-Alonso Y, Izquierdo M,
Garcia-Hermoso A. Physical activity, sedentary behavior, sleep and self-
regulation in Spanish preschoolers during the COVID-19 lockdown. Int J
Environ Res Public Heal. 2021;18:693. doi:10.3390/IJERPH18020693

5. Delisle Nystréom C, Alexandrou C, Henstréom M, et al. International
study of movement behaviors in the early years (SUNRISE): results
from SUNRISE Sweden's pilot and COVID-19 study. Int J Environ Res
Public Health. 2020;17:8491. doi:10.3390/ijerph17228491

6. Fillon A, Lambert C, Tardieu M, et al. Impact of the COVID-19 con-
finement on movement behaviors among French young children: the
ONAPS national survey. Minerva Pediatr (Torino). 2021. doi:10.23736/
$2724-5276.21.06194-2

7. Hyunshik K, Jiameng M, Sunkyoung L, Ying G. Change in Japanese
children's 24-hour movement guidelines and mental health during the
COVID-19 pandemic. Sci Reports 2021 11(1):1-9. doi:10.1038/
s41598-021-01803-4

8. Okely AD, Kariippanon KE, Guan H, et al. Global effect of COVID-19
pandemic on physical activity, sedentary behaviour and sleep among
3- to 5-year-old children: a longitudinal study of 14 countries. BMC
Public Health. 2021;21:940. doi:10.1186/s12889-021-10852-3

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. 2021;16:€12779.
doi:10.1111/1JPO.12779

10. Hurter L, McNarry M, Stratton G, Mackintosh K. Back to school after
lockdown: the effect of COVID-19 restrictions on children's device-
based physical activity metrics. J Sport Heal Sci. 2022. doi:10.1016/J.
JSHS.2022.01.009

11. Xu C, Quan M, Zhang H, Zhou C, Chen PJ. Impact of parents' physical
activity on preschool children's physical activity: a cross-sectional
study. PeerJ. 2018;2018:e4405. doi:10.7717/peerj.4405


https://orcid.org/0000-0001-7750-9460
https://orcid.org/0000-0001-7750-9460
https://orcid.org/0000-0002-1397-7182
https://orcid.org/0000-0002-1397-7182
https://orcid.org/0000-0002-1506-4272
https://orcid.org/0000-0002-1506-4272
https://orcid.org/0000-0002-6675-7212
https://orcid.org/0000-0002-6675-7212
https://orcid.org/0000-0003-3075-6960
https://orcid.org/0000-0003-3075-6960
https://orcid.org/0000-0002-7204-696X
https://orcid.org/0000-0002-7204-696X
https://www.paho.org/en/news/11-3-2020-who-charact
https://www.paho.org/en/news/11-3-2020-who-charact
info:doi/10.1016/j.jshs.2021.07.001
info:doi/10.1016/j.jshs.2021.07.001
info:doi/10.3389/fped.2020.00573
info:doi/10.3390/IJERPH18020693
info:doi/10.3390/ijerph17228491
info:doi/10.23736/S2724-5276.21.06194-2
info:doi/10.23736/S2724-5276.21.06194-2
info:doi/10.1038/s41598-021-01803-4
info:doi/10.1038/s41598-021-01803-4
info:doi/10.1186/s12889-021-10852-3
info:doi/10.1111/IJPO.12779
info:doi/10.1016/J.JSHS.2022.01.009
info:doi/10.1016/J.JSHS.2022.01.009
info:doi/10.7717/peerj.4405

GARCIA-ALONSO ET AL.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hnatiuk JA, Dedecker E, Hesketh KD, Cardon G. Maternal-child co-
participation in physical activity-related behaviours: prevalence and
cross-sectional associations with mothers and children's objectively
assessed physical activity levels. BMC Public Health. 2017;17:1-7. doi:
10.1186/512889-017-4418-1

Centers for Disease Control and Prevention. National Health and exami-
nation survey (NHANES). Anthropometry Procedures Manual. Atlanta: U.S.
Department of Health & Human Services; 2017.

Jackson M, Kiernan K, McLanahan S. Maternal education, changing
family circumstances, and Children's skill development in the
United States and UK. Ann Am Acad pol Soc Sci. 2017;674(1):59-84.
Aguilar-Farias N, Toledo-Vargas M, Miranda-Marquez S, et al.
Sociodemographic predictors of changes in physical activity, screen
time, and sleep among toddlers and preschoolers in Chile during the
COVID-19 pandemic. Int J Environ Res Public Heal. 2021;18:176. doi:
10.3390/1JERPH18010176

Esliger DW, Rowlands AV, Hurst TL, Catt M, Murray P, Eston RG. Val-
idation of the GENEA accelerometer. Med Sci Sports Exerc. 2011;43:
1085-1093. doi:10.1249/MSS.0b013e31820513be

Migueles JH, Rowlands AV, Huber F, Sabia S, van Hees VT. GGIR: a
research community-driven open source R package for generating phys-
ical activity and sleep outcomes from multi-day raw accelerometer data.
J Meas Phys Behav. 2019;2:188-196. doi:10.1123/jmpb.2018-0063
Hildebrand M, Hansen BH, van Hees VT, Ekelund U. Evaluation of
raw acceleration sedentary thresholds in children and adults. Scand J
Med Sci Sport. 2017;27(12):1814-1823. doi:10.1111/SMS.12795
Hildebrand M, Van Hees VT, Hansen BH, Ekelund U. Age group com-
parability of raw accelerometer output from wrist-and hip-worn mon-
itors. Med Sci Sports Exerc. 2014;46(9):1816-1824. doi:10.1249/MSS.
0000000000000289

Van Hees VT, Sabia S, Anderson KN, et al. A novel, open access
method to assess sleep duration using a wrist-worn accelerometer.
PLoS One. 2015;10. doi:10.1371/journal.pone.0142533

21.

22.

23.

24.

25.

26.

GRZE W1 LE Y-

Petersen TL, Mgller LB, Brgnd JC, Jepsen R, Grgntved A. Association
between parent and child physical activity: a systematic review. Int J
Behav Nutr Phys Act. 2020;17(1):1-16. doi:10.1186/512966-020-
00966-Z/FIGURES/2

Cohen J. Statistical power analysis for the behavioral sciences.
New York: Routledge Academic; 1988.

Marzi |, Reimers A. Children's independent mobility: current
knowledge, future directions, and public health implications. Int J
Environ Res Public Health. 2018;15(11):2441. doi:10.3390/ijerph
15112441

Di Giorgio E, Di Riso D, Mioni G, Cellini N. The interplay between
mothers' and children behavioral and psychological factors during
COVID-19: an ltalian study. Eur Child Adolesc Psychiatry. 2021;30:
1401-1412. doi:10.1007/s00787-020-01631-3

Hesketh KR, Goodfellow L, Ekelund U, et al. Activity levels in mothers
and their preschool children. Pediatrics. 2014;133:2021-e980. doi:10.
1542/peds.2013-3153

van Sluijs EMF, McMinn AM, Inskip HM, et al. Correlates of light and
moderate-to-vigorous objectively measured physical activity in four-
year-old children. PLoS One. 2013;8(9):e74934. doi:10.1371/
JOURNAL.PONE.0074934

How to cite this article: Garcia-Alonso Y, Garcia-Hermoso A,
Izquierdo M, Legarra-Gorgofion G, Ramirez-Vélez R,
Alonso-Martinez AM. Relationship between parents' and
children's objectively assessed movement behaviours prior to
and during the COVID-19 pandemic. Pediatric Obesity. 2022;
€12923. doi:10.1111/ijpo.12923


info:doi/10.1186/s12889-017-4418-1
info:doi/10.3390/IJERPH18010176
info:doi/10.1249/MSS.0b013e31820513be
info:doi/10.1123/jmpb.2018-0063
info:doi/10.1111/SMS.12795
info:doi/10.1249/MSS.0000000000000289
info:doi/10.1249/MSS.0000000000000289
info:doi/10.1371/journal.pone.0142533
info:doi/10.1186/S12966-020-00966-Z/FIGURES/2
info:doi/10.1186/S12966-020-00966-Z/FIGURES/2
info:doi/10.3390/ijerph15112441
info:doi/10.3390/ijerph15112441
info:doi/10.1007/s00787-020-01631-3
info:doi/10.1542/peds.2013-3153
info:doi/10.1542/peds.2013-3153
info:doi/10.1371/JOURNAL.PONE.0074934
info:doi/10.1371/JOURNAL.PONE.0074934
info:doi/10.1111/ijpo.12923

	Relationship between parents' and children's objectively assessed movement behaviours prior to and during the COVID-19 pandemic
	1  INTRODUCTION
	2  MATERIAL AND METHODS
	2.1  Study design and participants
	2.2  Measures and procedures
	2.3  Data analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


