
Citation: Aljuhani, O.; Alsuwailem,

R.; Al-Salawi, A.; Sandercock, G.

Physical Activity and Sedentary

Behaviors in Primary School

Children in Saudi Arabia during the

COVID-19 Pandemic: Association

with Parents’ Behaviors. Int. J.

Environ. Res. Public Health 2022, 19,

13304. https://doi.org/10.3390/

ijerph192013304

Academic Editor: Damián Iglesias

Gallego

Received: 16 September 2022

Accepted: 12 October 2022

Published: 15 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Physical Activity and Sedentary Behaviors in Primary School
Children in Saudi Arabia during the COVID-19 Pandemic:
Association with Parents’ Behaviors
Osama Aljuhani 1,* , Rola Alsuwailem 2, Abdulelah Al-Salawi 3 and Gavin Sandercock 4

1 Department of Physical Education, College of Sport Sciences and Physical Activity, King Saud University,
Riyadh 4545, Saudi Arabia

2 Department of Exercise Physiology, College of Sport Sciences and Physical Activity, King Saud University,
Riyadh 4545, Saudi Arabia

3 Department of Sport and Recreation Management, College of Sport Sciences and Physical Activity,
King Saud University, Riyadh 4545, Saudi Arabia

4 School of Sport, Rehabilitation and Exercise Sciences, University of Essex, Colchester CO4 3SQ, UK
* Correspondence: oaljuhani@ksu.edu.sa

Abstract: During the COVID-19 pandemic, a few studies used accelerometers to assess physical
activity (PA) and sedentary behavior in the family context. This study aimed to assess children
and parents’ moderate and vigorous physical activity (MVPA) and sedentary time, as well as their
relationship in MVPA and sedentary time. Data were collected from 30 parent–child dyads during
the COVID-pandemic for seven days, using a hip-worn accelerometer. Children and parents engaged
in 65.6 and 34.6 min/day in MVPA and 442.2 and 427.9 min/day sedentary, respectively. There was
no evidence of gender difference in MVPA and sedentary between boys and girls. Male parent spent
more time in MVPA than female parents. A total of 50% of children and 53.3% of parents met the
recommended PA. Children’s MVPA and sedentary time were both correlated with that of their
parents. Adjusted linear regression showed that only child MVPA was negatively associated with
their parents’ MVPA. There is evidence that multi-level interventions involving parents and children
are more effective than interventions focusing on a single group. This study also provides evidence
to support the link between MVPA and sedentary time between parents and children. Generalization
of the findings is difficult due to the bias of self-selection sample.

Keywords: physical activity; accelerometer; Saudi Arabia; school children

1. Introduction

In children and adolescents, increasing physical activity (PA) and reducing inactive
time are linked to a variety of health benefits. Higher levels of regular PA and less time
allotted for sedentary behavior during childhood and adolescence have been related to
cardiometabolic health, skeletal health, cardiorespiratory fitness, academic performance,
executive functions, mental health, and quality of life [1–5]. Therefore, to promote health,
the Saudi Ministry of Health recommends that children and adolescents aged 6–17 years
should engage in at least 60 min of moderate-to-vigorous intensity physical activity (MVPA)
per day, and adults should accumulate 150 min of moderate intensity physical activity
or 75 min of vigorous intensity physical activity per week [6]. However, previous evi-
dence showed a reduction in Saudi children and adolescents’ PA levels, and 92% of Saudi
adolescents aged 13–14 did not meet the recommended 60 min of MVPA each day [7].
Accelerometer data also showed that Saudi adolescent boys spent only 50 min of MVPA
on a daily basis [8]. Among children, self-reported data showed that 59% of boys and
40% girls were classified as active, and 71% of boys and girls spent more than 2 h per day
sedentary [9].
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In March 2020, the World Health Organization (WHO) declared a severe health crisis
(COVID-19) caused by new coronaviruses. Governments worldwide have implemented
strict strategies to prevent the spread and effects of the virus on their citizens. On the
2 March 2020, when the first case of COVID-19 was confirmed in Saudi Arabia, the govern-
ment implemented a range of strategies, such as closing schools and universities, travel
restrictions, closing sports clubs, closing restaurants, closing mosques for prayers, and
restrictions on attending government and private workplaces. Later, on the 9 March 2020,
the first lockdown was announced and lifted on the 21 June 2020. However, strict measures,
such as social distancing and closure of schools, have continued. These restrictions dur-
ing the COVID-19 pandemic may have a negative effect on children’s PA and sedentary
behaviors [10].

The majority of previous studies have reported a reduction in children and adults’
PA, and an increase in sedentary time during the COVID-19 pandemic. For example, a
cross-sectional study using interviews showed a significant decline in PA in 52% of Saudi
children and adolescents (n = 452) [11]. Additionally, a parent-based survey study reported
a negative effect of the COVID-19 pandemic on Saudi primary school children [12]. In
their study, Alanazi et al. [12] reported that only 35.7% of the study sample (n = 1021),
between October and November 2020, met the recommended 60 min of MVPA per day,
and only 15.2% spent 2 h or less in sedentary behavior. Internationally, a recent review also
showed that 57 of 84 included studies reported a reduction between 10.8 and 91 min/day
in PA levels in children and adolescents [13]. According to another systematic review
and meta-analysis during the COVID-19 pandemic children’s inactive time increased by
159 min per day [14]. However, not all previous studies have reported a negative impact
of the COVID-19 pandemic on children’s PA. Few studies have found that PA levels in
children and adolescents increased during the COVID-19 pandemic compared with pre-
pandemic levels [15–17]. Among Saudi adults, self-reported data showed that 52% of
the study sample (n = 2255) reported a decrease in their daily PA during the COVID-19
pandemic [18]. Evidence also suggests an increase in adults’ sedentary time by 24% during
the COVID-19 pandemic compared with pre-pandemic [19]. Inversely, no changes in Saudi
adults’ PA levels were also reported from before to during the COVID-19 pandemic [20].
However, studies that assessed PA and sedentary behaviors in Saudi children and adults
are limited by using subjective measures. Therefore, the influence of recall bias on the
results can be presence. For example, existing evidence of PA and sedentary behavior
from previous studies in Saudi Arabia relies on the parents’ awareness of their child’s PA
and sedentary behaviors. Parents were found to incorrectly classify their children’s PA
and sedentary behaviors [21]. In adults, evidence suggests that the self-report method
may overestimate PA [22] and underestimate sedentary time [23]. Thus, more accurate
estimation of PA and sedentary behavior during the pandemic period may be essential for
PA promotion among children. However, with high sedentary time and low levels of PA
activity reported during the pandemic, exploring factors that might link to children’s PA
levels and sedentary behavior is essential for promoting their health.

Under typical living conditions, family factors such as parents’ behaviors and presence
have been demonstrated to be major predictors of young children’s behaviors [24]. For
example, a positive correlation has been found between children’s PA and parents’ role
modeling [25,26] and co-participation in PA with children [24,27,28]. It was also found that
adding 20 min to a parent’s MVPA resulted in a 5–10 min increase in children’s MVPA [29].
In addition to PA, a positive relationship was found between parents’ sedentary behavior
and their children’s sedentary behavior [24]. Parental factors such as being younger and
active are significantly associated with children’s PA and sedentary time during the COVID-
19 pandemic [30]. In their survey-based study, Moore et al. (2020) found that Canadian
children had less decline in PA if they lived with younger parents, and parental PA levels
were associated with more child PA levels [30]. However, for better understanding of
the influence of the COVID-19 pandemic on the association between children’s PA and
sedentary time with parent behaviors using objective methods such as accelerometers is
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warranted. Among 22 Arab countries, no single study was found to objectively assess
children and adults’ PA and sedentary behaviors during the COVID-19 pandemic nor to
examine the association between parent and child PA and sedentary time. Thus, this study
aimed to determine the amount of time Saudi children spent in PA and sedentary during the
COVID-19 outbreak. Additionally, this study aimed to examine the relationship between
children’s PA and sedentary behaviors, and their parents’ PA and sedentary behaviors. We
hypothesized that children and their parents accumulate lower time in MVPA and higher
time sedentary. Moreover, we also hypothesized that children’s MVPA and sedentary time
are significantly associated with their parents, MVPA and sedentary time.

2. Materials and Methods
2.1. Participants and Family Characteristics

Cross-sectional data were collected from parents and their children from a local
community in Riyadh, Saudi Arabia. In this study, participants were invited to join the
study by posting an announcement through social media and the university community. A
convenience sample of 37 parent–child dyads agreed to participate in the current study. To
be eligible for participation, only participants living in one home together were included.
Additional inclusion criteria were to have at least one child between 7 and 12 years of age
and at least one parent between 18 and 64 years of age. Exclusion criteria included major
health conditions affecting mobility. Before conducting the study, consent forms explaining
participation requirements were obtained from the students and their parents. The King
Saud University Ethical Review Committee from King Saud University approved the study
ethics (ethics code: KSU-HE-20-256).

We used G*Power statistical power analysis software (version 3.1.9.4) to calculate
the required sample size, which is 40. However, due to data exclusion and COVID-19
restrictions, final sample size used was 30. Seven child–parent datasets were excluded from
data analysis because they did not meet the inclusion criteria of wearing the accelerometer
for at least 600 min/day and for a least 3 days per week. This may increase the risk of
attrition bias between excluded and included groups. However, the preliminary analyses
revealed no significant differences in the characteristics of participants (i.g., parent and
children age, parental BMI, children BMI z scores, parent and children MVPA, parent and
children sedentary time, and parent and children mean of prolonged sedentary bouts)
between the excluded and included samples (all p-values > 0.05). Table 1 shows the
participants and family characteristics of included and excluded samples. The final study
sample consisted of 30 parent and child dyads. Most parents were female (n = 21, 70%).
Twenty-seven parents (90%) had at least a bachelor’s degree. The majority of parents
(n = 29, 96.6%) reported a family income range between SAR 10,000 and 19,000, which was
classified as middle. Twenty-four (80%) children in the current study reported one or more
children in the household.

2.2. Study Context

In this study, data were collected from July to September 2020. At the time of
data collection, the Saudi government began easing the pandemic restrictions with
special rules. For example, people were able to go outside of their home for exercise and
shopping. However, restrictions such as social distancing, self-quarantine, and closure
of schools have continued. Restrictions on social gatherings of more than 50 people have
also remained unchanged.
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Table 1. Description of participants and family characteristics.

Included Sample Excluded Sample

Factor N (%) N (%)

Children gender

Boys 14 (46.7) 3 (42.8)

Girls 16 (53.3) 4 (57.2)

Parent gender

Male 9 (30) 2 (28.6)

Female 21 (70) 5 (71.4)

Parent education level

Undergraduate 27 (90) 6 (85.7)

Postgraduate 3 (10) 1 (14.3)

Family income

Low (<10,000 SR) - -

Middle (SAR 10,000–20,000) 29 (96.7) 6 (85.7)

High (SAR > 20,000) 1 (3.3) 1 (14.3)

Home type

Home with play space 18 (60) 5 (71.4)

Home without play space 12 (40) 2 (28.6)

Siblings

No 6 (20) 1 (14.3)

One or more 24 (80) 6 (85.7)

2.3. Children and Parents’ Body Mass Index (BMI) Measures

All measurements were conducted in a sports court at the Leader’s Preparation
Institute of Riyadh. Parents and their children’s height and body mass were measured
individually to the nearest ±0.1 cm and ±0.1 kg, respectively. The researchers recorded
all measurements while the participants were wearing light clothing and no shoes. Body
mass index (BMI) was calculated by dividing participant weight by height squared [weight
(kg)/height2 (m2)], and converted to z scores using the LMS method [31]. According to
the International Obesity Task Force (IOTF) criteria [32], children’s BMI was classified as
normal weight, overweight, or obese. Parents’ BMI was classified into normal weight (18.5
to 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), and obese (≥30.0 kg/m2).

2.4. PA and Sedentary Measures

The ActiGraph 3-axis accelerometer (wGT3X-BT, ActiGraph LLC, Pensacola, FL, USA)
was attached to the parents’ and their children’s right hip using an elastic waistband and
data were collected for 24 h across 7 days. The participants were instructed to remove the
device for water-based activities (i.e., bathing, showing, and swimming). Accelerometer
data were initialized, downloaded, and processed using ActiLife software (version v6013.3,
ActiGraph LLC, Pensacola, FL, USA). The accelerometer was set up to record the data
at a sampling rate of 30 Hz. Data were downloaded as a raw format and converted to
the AGD format using 60 s for children and parents. For the purpose of this study, only
waking time was analyzed. The non-wear time was determined to be 20 min or more
of consecutive zeros during the waking time [33]. The waking time was determined for
each participant using daily log and graphic data displayed in the ActiLife software. For
children’s data, established accelerometer cut-off points based on the vector magnitude
(VM) method were used to determine sedentary and MVPA intensities as counts per
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minute (CPM): sedentary ≤ 720 CPM, LPA 721–3027 CPM, and MVPA ≥ 3028 CPM [34].
For the parent, accelerometer cut-off points based on VM were also used to classify parents’
sedentary time [35] and MVPA [36]; sedentary: <150 CPM, LPA 151–2689 CPM, and
MVPA ≥ 2690 CPM. Consistent with previous research, children and parents’ total number
of prolonged sedentary bouts of ≥20 min with no tolerance and number of breaks in
sedentary time were calculated [37,38]. Breaks in sedentary time were defined as any
interruption of sedentary bouts by ≥1 min of light or MVPA [37,39]. Accelerometer data
were considered valid if the participants wore the accelerometers for at least 600 min/day
and for a minimum of 3 days [40].

2.5. Data Analysis

SPSS 26.0 (IBM, Chicago, IL, USA) was used for all statistical analyses. The data
are reported as mean and standard deviation (±SD) for normally distributed data and
median and (25th and 75th) percentiles for skewed data. Descriptive data were calculated
for males and females and for the entire sample. Significant differences between males
and females (i.e., children and parents) and between included and excluded samples were
evaluated using an independent t-test for normally distributed data and the Mann–Whitney
U test for skewed data. Pearson correlations were used to examine the relationship between
children’s and parents’ sedentary behaviors and MVPA. The relationship between sedentary
behavior and PA in parents and children was investigated using multiple linear regression
models with the enter method. Two separate multiple linear regression models were
created to predict children’s MVPA and sedentary time. The dependent variables were
children’s MVPA and sedentary time, while the predictors variables were parents’ MVPA
and sedentary time. The initial model (unadjusted) was created and then each model was
adjusted for accelerometer wear time. Additional covariates (i.e., parents and children
gender, children’s BMI-z, parents’ BMI, parents and children age, presence of siblings in the
household, house type, and parents and children and parents’ education levels, and family
income) were included in all models. Covariates with p-value ≥ 0.2 were not included in
the final models. The interaction between the gender of the child or the gender of the parent
and the parent’s exposure variables was separately added into the models to determine
their association with child’s PA and sedentary behavior. The preliminary results showed
that the interactions did not contribute to any of the models, so we decided not to stratify
the models by the gender of parents and children. Influential outliers were defined using
Cocks distance >1. Variance inflation factors (VIFs) were used to assess multicollinearity
among predictors and covariates variables. The preliminary analyses showed that the
multicollinearity had no effect as all values were <10 [41]. Breusch–Pagan and Koenker
tests were used to test the homogeneity of variance [42]. All p-values were ≥ 0.05 indicating
the presence of homoscedasticity. Statistical significance was set at alpha < 0.05.

3. Results

Table 2 shows the characteristics of the final sample, stratified by gender. Among the
parents, 73.3% were overweight or obese. Overweight or obese children accounted for 20%
of the sample. Children’s average accelerometer wear time was 766.1 min/day, with 90% of
children providing at least four days of wearing time. A total of 86% of parents provided at
least four days of accelerometer wearing time, with an average of 826.3 min/day. Children
and parents spent about 51.3% and 57.3% of their wear time sedentary, respectively. Parents
spent about 4.3% of their time in MVPA, whereas children spent about 8.6% of their time
in MVPA.
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Table 2. Descriptive statistics for the study variables across groups that are stratified by gender.

Characteristics

Children Parents

Total Sample Male Female Total Sample Male Female

n = 30 n = 14 n = 16 n = 30 n = 9 n = 21

Age (years) 9.1 (1.8) 9.2 (1.9) 9.0 (1.8) 38.9 (7.6) 39.6 (9.6) 38.6 (6.8)

Height (cm) 130.0 (12.6) 128.7 (11.5) 131.7 (13.7) 161.0 (7.7) 168.7 (7.5) * 158.0 (5.3)

Weight (cm) 30.4 (9.4) 29.6 (9.5) 31.1 (9.7) 70.1 (11.4) 76.4 (10.0) 68.0 (11.3)

BMI (kg/m2) 18.1 (5.0) 17.5 (4.2) 18.6 (5.8) 27.2 (4.3) 26.8 (3.4) 27.3 (4.7)

BMI-z 0.3 (1.3) 0.3 (1.2) 0.4 (1.2) - - -

MVPA (min/day) 65.6 (35.1) 70.2 (43.2) 61.7 (27.1) 34.6 (20.7) 49.6 (19.4) * 28.1 (18.1)

Sedentary time (min/day) 442.2 (121.8) 481.3 (141.1) 408.0 (93.6) 427.9 (136.7) 471.7 (170.0) 409.2 (119.6)

Meeting PA
Guidelines (N)% 15 (50) 9 (64.2) 6 (37.5) 16 (53.3) 6 (66.7) 10 (47.6)

Sedentary bouts ≥20 min
(min/day) 31.7 (4.1) 32.2 (4.8) 31.4 (3.4) 29.7 (3.4) 31.3 (4.5) 29.0 (2.6)

Sedentary bouts
(number/day) 2.7 (2.0, 5.2) 2.3 (1.4, 8.5) 3.4 (2.0, 4.7) 2.2 (1.3, 4.3) 3.4 (1.8, 5.0) 2.2 (1.2, 3.7)

Break in sedentary
(number/day) 76.0 (16.4) 75 (15.3) 76.8 (17.7) 91.4 (25.4) 101 (26.0) 87.0 (24.5)

Accelerometer wear time
(min/day) 766.1 (101.6) 792.8 (105.8) 742.5 (94.8) 826.3 (141.7) 886.1 (141.5) 800.0 (137.2)

MVPA: moderate and vigorous physical activity; BMI: body mass index; Data presented as mean (±SD) or median
(25th, 75th); * significantly different as compared with female parents.

Our findings revealed no significant differences in anthropometric measurements,
sedentary behaviors, or MVPA levels between the boys and girls (all p-values > 0.05). How-
ever, compared with female parents, our data showed that male parents were taller (10.7;
95%CI 5.8, 15.6; p = 0.001) and accrued more MVPA time (21.4; 95%CI 6.3, 36.5; p = 0.007)
(Table 2). Our data showed that 50% of children and 53% of parents met the recommended
amount of PA in Saudi Arabia (Table 2). Our data also showed that 100% of the children’s
sample exceeded the Saudi recommended amount (<2 h/day) of sedentary time.

The outcomes of bivariate correlations between accelerometer-measured child and
parent sedentary time and MVPA are presented in Table 3. The data shows that child
sedentary time was positively correlated with parent sedentary time in the entire sample (r
= 0.477, p = 0.008). In contrast, child MVPA was negatively correlated with parent MVPA
(r= −0.400, p = 0.029).

Table 3. Pearson correlation between parents’ and children’s PA and sedentary behaviors.

Child Sedentary (min/day) Child MVPA (min/day)

r p r p

Parent sedentary (min/day) 0.477 * 0.008 −0.009 0.963
Parent MVPA (min/day) 0.283 0.130 −0.400 * 0.029

MVPA: Moderate and vigorous physical activity; * p < 0.05.

The outcomes of the linear regression models of the association between parents’ and
children’s’ sedentary time and MVPA are shown in Table 4. The unadjusted model (Model
1) revealed that there was a significant positive relationship between sedentary time of
parents and children (B = 0.425, p = 0.008). When adjusting for wear time, age of child, and
house type (Model 2) there was no longer a significant association between parents’ and
children’s sedentary time. The unadjusted model (Model 1) showed that children’s MVPA
was negatively associated with that of their parents. This negative association remained
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significant and became stronger when adjusted for wear time, child age, and house type
(Model 2).

Table 4. Linear regression for the association between children’s and parents’ PA and sedentary behaviors.

Model 1 (Unadjusted) Model 2 (Adjusted)

Exposure B (95% CI) SE p B (95% CI) SE p
Parent sedentary time

(min/day) 0.425 (0.122, 0.728) * 0.148 0.008 0.009 (−0.352, 0.370) 0.175 0.959

R2 = 0.22; Adjusted R2 = 0.20 R2 = 0.54; Adjusted R2 = 0.45
Parent MVPA

(min/day) −0.677 (−1.277, −0.076) * 0.293 0.029 −0.828 (−1.320, −0.336) * 0.238 0.002

R2 = 0.16; Adjusted R2 = 0.13 R2 = 0.54; Adjusted R2 = 0.44

Child MVPA and sedentary behaviors were the outcome variables; all models were adjusted for children’s and
parents’ accelerometer wear time, children’s age, and house type; * p < 0.05.

4. Discussion

This is the first study to objectively measure PA and sedentary behavior in Saudi
primary school children and their parents. Additionally, our study is novel because it
objectively examined the association of children’s physical activity and sedentary time with
parents’ physical activity and sedentary time during the COVID-19 pandemic. According
to the findings, Saudi children and their parents spent 8.6% and 4.3% of their wear time
in MVPA, respectively. This study also showed that both children and their parents spent
more than 50% of accelerometer wearing time sedentary. The results presented in this
study suggest a negative relationship between children and their parents with respect to
the MVPA in all models during the COVID-19 pandemic. Unadjusted data showed that a
significant and positive relationship was discovered between children and their parents’
sedentary behavior.

4.1. Children’s Time Spent in PA and Sedentary Behaviors during the COVID-19 Pandemic

The mean estimate of children’s MVPA (65 min/day) in our study was surprising
and contrary to previous device-based measures that have reported lower MVPA among
children during the COVID-19 pandemic. For example, Dallolio et al. [43] found that Italian
primary school children spent less time (40 m/d) on MVPA. Ten Velde et al. [44] reported
a lower MVPA time (48 m/day) in 7–10-year-old children in the Netherlands. A recent
systematic review concluded that among 84 studies most (n = 57) reported a decline in PA
during the COVID-19 pandemic [13]. However, few previous researchers have found an
increase in MVPA in children during the COVID-19 pandemic, which is consistent with
our findings. For example, Alonso-Martinez et al. [45] reported that Spanish preschool
children spent 74 m/day in MVPA. Other studies have reported an increase in MVPA,
reaching 105 min/day [15] and 124 min/day [16]. Our data also showed that, during the
pandemic, 50% of children in this study met the Saudi MVPA guidelines. This proportion
is higher than that recently reported in a parent-based survey study. Alanazi et al. [12]
reported that during the COVID-19 pandemic approximately 36% of Saudi children met
the MVPA guidelines. The high level of MVPA and the increase in the number of children
meeting the MVPA guidelines reported in our study can be attributed to factors related
to the living environment. For example, most children in our study lived in houses with
outdoor spaces. Thus, it is likely that having more home space can be a factor increasing
PA in children. Pombo et al. [46] suggested that the presence of an outdoor space with a
home compound may positively influence PA in children. It has also been reported that
house play space was positively associated with children’s MVPA [47]. Another factor
that may have positively influenced children’s MVPA in our study was having siblings in
the household. A total of 80% percent of children in the current study have at least one
brother or sister. A systematic review and meta-analysis suggested that children living
with siblings spent more time in MVPA than other children [48].
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With regards to children’s sedentary time, our data showed that time spent seden-
tary was lower compared with earlier research studies from the Netherlands [44], Hong
Kong [15], and Spain [45] where 465, 601, and 659 min/day were reported, respectively. A
recent systematic analysis of research that employed questionnaires to report sedentary
time likewise found an increase in sedentary time [49]. The results of this study also showed
that during the pandemic 100% of children in this study exceeded the Saudi sedentary
guidelines. This proportion is higher than that recently reported in a parent-based survey
study [12]. Previous data showed that, during the pandemic, approximately 85% of Saudi
children exceeded the recommended amount (<2 h/day) of sedentary time [12]. The higher
proportion of children that exceeded the sedentary recommendation in our study can be
attributed to many reasons. For example, compared with previous data, our data were
collected during the summer when schools were closed. It has been reported that children
tend to spent more time sedentary during summer holidays [50]. Another reason can be
the increased number of children with electronic devices during the pandemic. Recently,
Saudi data showed that during the pandemic the proportion of children having electronic
devices increased from 40% to 70% [51].

Differences in MVPA and sedentary time compared with earlier research can be
attributed to country-specific restrictions during the COVID-19 pandemic. In this research,
the data were collected in the summer of 2020, when most of the COVID-19 restrictions
in Saudi Arabia were relaxed. Thus, families and children were able to go outside homes
where non-organized activities were allowed. Differences with earlier studies might also
be methodologically attributed to the use of different monitors, cut-off points, and epochs.
For example, in this study, the cut-off point was developed based on vector magnitude
data, whereas in previous studies, cut-off points based on a vertical axis were employed. It
has been shown that varying cut-off points have a significant impact on the estimated time
spent in PA and sedentary behavior [52].

4.2. Parents’ Time Spent in PA and Sedentary Behaviors during the COVID-19 Pandemic

We found that the parents in our study had higher levels of MVPA on a daily basis.
This is supported by the findings of previous device-based studies from the USA and UK.
For example, data from the USA showed that adults accumulated 40, 42, and 44 min/day
in MPVA during March, April, and May 2020, respectively [53]. These amounts of MVPA
are higher than what we found in our study (34.6 min/day). In the same line, during
the pandemic lockdown, data from the UK showed an increase by an average of 11.7 and
20.5 min in adults’ MVPA [54]. Data from Spain also showed that 74% of the study sample
(n = 20) met the adult recommended PA [55]. Similar to our results, a recent Saudi data
showed that 54% adults engaged in daily MVPA [56]. Contrary to our findings, national
survey data showed a reduction in PA levels among Saudi adults [18], and 80.6% of Saudi
adults have not achieved the PA recommendation [57]. With regards to adults’ sedentary
time, a recent systemic review research showed that, during the COVID-19 pandemic,
a significant increase in adults’ sedentary time was found among most of the previous
studies [49]. National data from a self-report study showed a large increase in sedentary
time in Saudi adults (men = 9.5 h/day and women = 11.6 h/day) than that we found [57].
However, our results are in agreement with survey data which showed that, on average,
Saudi adults spent 7.7 h/day sedentary [56]. The COVID-19 restrictions alongside screen
and social media time may have significantly contributed to increasing sedentary time
in Saudi adults. For example, an additional 60 min in daily sedentary time has been
reported in adults who strictly followed the COVID-19 guidelines compared with those
who did not [58]. Additionally, recent data showed that screen and social media time
significantly increased by 20.5% and 18.7%, respectively [59]. However, it should be noted
that the parents in our study were young (mean age 38.9 years) and 70% were females.
During the COVID-19 pandemic, it was reported that younger adults engaged in more
sedentary time [60], and female had less levels of PA [61]. Our study supports the previous
findings that females engaged in less PA levels compared with males [61–63]. Although,
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the pandemic restrictions provided less opportunities to engage in PA for both gender,
females were had more barriers to participate in PA [63].

4.3. Child and Parent Association of PA and Sedentary Behaviors

The findings of this study revealed a negative relationship between MVPA in children
and MVPA in their parents. These results are contrary to those of two previous stud-
ies which used accelerometers and showed a positive association between pre-pandemic
children’s MVPA and their parents’ MVPA [28,29], but not when they were apart [29]. Com-
paring our findings with the results of earlier research, which also used an accelerometer
to measure parent–child PA and sedentary time, is difficult. This is due to differences
in sample characteristics (data were recorded in one or both parents), age range across
studies, and different methods used to analyze PA and sedentary time. The contradictory
results with previous studies can also be explained by their research context, since they
were focusing on parental support of children PA and co-participation among parents
and children.

Our findings are similar to those that reported a negative association [64–67], no
association with male parents [68], and no association at all [69] between children and
parents’ MVPA during the pre-pandemic period. This study had no data to identify whether
parents and their children were present during the activity time. Thus, the negative
association found in this study can be explained by the fact that parents and children
did not spend more time doing activities together. However, a previous study reported
that children accumulated more accelerometer counts and less sedentary time when they
participated in activities with their parents [70]. Additionally, the relationship between
parent and child PA was found to be stronger when they are together than when they
are apart [24,65,66,71]. The negative association found in this study can also be explained
by the presence of other children in the household or by peer role modeling rather than
parent role modeling. It has been suggested that friends might influence children’s PA
more than parents [72]. Another explanation can be that parents may spend more time
in sustained and/or vigorous activities such as jogging, swimming, or gym exercises that
young children cannot perform [66,67]. A higher proportion of male parent MVPA can be
another reason for the negative association between children and parent MVPA. In our
study, male parents spent an average of 49 min/day of MVPA. Barkin et al. [66] reported
an inverse association between child and parent MVPA when parental MVPA exceeded
40 min/day. Furthermore, the detrimental relationship discovered in this study can be
explained by the parents’ characteristics. Compared with children living with employed
parents, a self-reported study revealed that Saudi children were more physically active
when their parents were unemployed [73]. However, because of the negative connection
between parent and child MVPA, interventions focusing on a single group may not be
appropriate to promote MVPA at this age.

In the unadjusted model, the findings of this study showed that children’s sedentary
time was positively associated with parents’ sedentary time. The significant association
was no longer evident when the model adjusted for covariate variables. The non-significant
association between parent and child sedentary time, reported in this study, may be a
result of the small sample size. However, our findings are in line with previous studies
that reported that parents’ total sedentary time was not associated with their adolescents’
total sedentary time [74]. Another study found that the association between parent and
child sedentary time was weaker when apart [24]. However, our findings did not support
previous studies that reported a positive association of parental sedentary behavior in chil-
dren [66,75]. Thus, our data suggest that children’s sedentary behavior may be influenced
by factors other than their parents’ sedentary behavior. For example, in this study, we did
not examine the association between parents and children’s sedentary time during a specific
period of time (i.e., morning vs. afternoon or weekdays vs. weekends). A previous study
reported a strong association between mothers and their preschool children’s sedentary
time in the morning compared with the afternoon and evening [76]. Our results showed
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that accelerometer wear time and house type adjusted the association between parents’ and
children’s sedentary time. Thus, this type of study should ensure that results are adjusted
for accelerometer wear time and house type.

4.4. Strength, Limitations, and Implications

The novelty of our study, among other studies conducted during the COVID-19
pandemic, is the use device-based measures to examine the association between children
and their parents’ PA and sedentary behaviors during the COVID-19 pandemic. Further,
this study may be the first to objectively measure PA and sedentary behavior within a family
context in Arabic countries. However, the results of the current study should be interpreted
with caution. It should be noted that we experienced a poor response to participate in
the current study which affected the amount of the required sample size. This was not
surprising given the challenges of conducting device-based measurement for the first time
in the family context in Saudi Arabia and during the COVID-19 pandemic. This is a cross-
sectional design, so we do not know how active the participants were before the pandemic.
Thus, we are unable to define how the pandemic restrictions affected our sample PA and
sedentary behaviors. The small sample size, and that 70% of the parents were mothers, may
affect the generalization of the findings. Thus, future work should investigate whether our
results are different or consistent with large samples and samples of fathers. We excluded
19% of the study sample due to noncompliance, reducing the sample size which may
increase the possibility of bias. However, this possible bias is likely to be minimal due to the
lack of significant differences in variables between those included and excluded. Another
limitation of this study is the use of a convenience sample, which is prone to selection
bias. Twenty-seven parents (90% of study sample) had at least a bachelor’s degree, and the
majority of parents (n = 29, 96.6%) reported a family income range between SAR 10,000
and 19,000. These levels may not represent the national norms of education levels and
family income and may have an effect on the participants’ PA and sedentary behaviors. For
further research to estimate the PA levels and sedentary time across different populations it
would be beneficial to identify populations who need targeted interventions. In this study,
the presence of a parent with children was not reported. This kind of information would be
useful in designing intervention programs for promoting PA in children and parents. In
Saudi Arabia, there is no objective data that allow us to compare our data. Thus, future
cross-sectional and longitudinal studies are needed to continue exploring children and
parents’ PA and sedentary behaviors. Finally, the use of different accelerometer cut-off
points for children and parents may influence the association between children’s and their
parents’ PA and sedentary time. It has been reported that the selection of accelerometers’
cut-off point may influence in estimating PA intensities [77].

Our study has several implications and suggestions for policymakers, healthcare
providers, researchers, practitioners, and parents. Policymakers and healthcare providers
should first consider the short and long-term health effect of developing restrictions on
children and parents’ behaviors during the pandemic. For researchers and practitioners,
targeted intervention to support family healthy behaviors and prevent health risk, specifi-
cally with respect to sedentary behaviors is needed. The available data of the association
between children and their parents’ behaviors suggest that family context might be a use-
ful strategy for changing behaviors. For parents, additional efforts are required to offer
PA opportunities and reducing sedentary time, especially for children with no outdoor
space available.

5. Conclusions

The findings of the current study found that 50% of children and 53% of parents had
sufficient levels of MVPA to meet the PA guidelines. Children in this study exceeded
the Saudi recommended amount (<2 h/day) of sedentary time. Thus, future work needs
to investigate the related correlates for better understanding this behavior and to create
targeted intervention. Our results support previous device-based studies that have reported
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an increase in children and parents’ MVPA and sedentary time during the pandemic.
Children’s MVPA and sedentary time were both correlated with that of their parents.
Adjusted linear regression showed only child MVPA was negatively associated with their
parents’ MVPA. There is evidence that multi-level interventions involving parents and
children are more effective than interventions focusing on a single group. This study also
provides evidence to support the link between MVPA and sedentary time between parents
and children.

Author Contributions: Conceptualization, O.A., R.A., A.A.-S. and G.S.; methodology, O.A., R.A. and
G.S.; formal analysis, O.A., R.A. and A.A.-S.; investigation, O.A., R.A. and A.A.-S.; resources, O.A.
and A.A.-S.; data curation, O.A., R.A. and A.A.-S.; writing—original draft preparation, O.A., R.A.,
A.A.-S. and G.S.; writing—review and editing, O.A. and G.S.; supervision, O.A. and A.A.-S.; project
administration, O.A.; funding acquisition, O.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by King Saud University, Riyadh, Saudi Arabia (Researchers
Supporting Project number: RSP-2021/342).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of King Saud
University (protocol code KSU-HE-20-256).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

Data Availability Statement: All the relevant data are available in the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wu, X.Y.; Han, L.H.; Zhang, J.H.; Luo, S.; Hu, J.W.; Sun, K. The influence of physical activity, sedentary behavior on health-related

quality of life among the general population of children and adolescents: A systematic review. PLoS ONE 2017, 12, e0187668.
[CrossRef] [PubMed]

2. Stabelini Neto, A.; Sasaki, J.E.; Mascarenhas, L.P.; Boguszewski, M.C.; Bozza, R.; Ulbrich, A.Z.; da Silva, S.G.; de Campos, W.
Physical activity, cardiorespiratory fitness, and metabolic syndrome in adolescents: A cross-sectional study. BMC Public Health
2011, 11, 674. [CrossRef]

3. Carson, V.; Hunter, S.; Kuzik, N.; Gray, C.E.; Poitras, V.J.; Chaput, J.P.; Saunders, T.J.; Katzmarzyk, P.T.; Okely, A.D.; Connor
Gorber, S.; et al. Systematic review of sedentary behaviour and health indicators in school-aged children and youth: An update.
Appl. Physiol. Nutr. Metab. Physiol. Appl. Nutr. Metab. 2016, 41, S240–S265. [CrossRef]

4. da Costa, B.G.; da Silva, K.S.; George, A.M.; de Assis, M.A. Sedentary behavior during school-time: Sociodemographic, weight
status, physical education class, and school performance correlates in Brazilian schoolchildren. J. Sci. Med. Sport 2017, 20, 70–74.
[CrossRef]

5. Poitras, V.J.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, J.P.; Janssen, I.; Katzmarzyk, P.T.; Pate, R.R.; Connor Gorber, S.;
Kho, M.E.; et al. Systematic review of the relationships between objectively measured physical activity and health indicators in
school-aged children and youth. Appl. Physiol. Nutr. Metab. Physiol. Appl. Nutr. Metab. 2016, 41, S197–S239. [CrossRef]

6. Alfawaz, R.A.; Aljuraiban, G.S.; AlMarzooqi, M.A.; Alghannam, A.F.; BaHammam, A.S.; Dobia, A.M.; Alothman, S.A.;
Aljuhani, O.; Aljaloud, K.S. The recommended amount of physical activity, sedentary behavior, and sleep duration for healthy
Saudis: A joint consensus statement of the Saudi Public Health Authority. Ann. Thorac. Med. 2021, 16, 239.

7. Ahmad Bahathig, A.; Abu Saad, H.; Md Yusop, N.B.; Mohd Shukri, N.H.; El-Din, M.M.E. Relationship between Physical Activity,
Sedentary Behavior, and Anthropometric Measurements among Saudi Female Adolescents: A Cross-Sectional Study. Int. J.
Environ. Res. Public Health 2021, 18, 8461. [CrossRef]

8. Aljuhani, O.; Sandercock, G. Contribution of physical education to the daily physical activity of schoolchildren in Saudi Arabia.
Int. J. Environ. Res. Public Health 2019, 16, 2397. [CrossRef] [PubMed]

9. Aliss, E.M.; Sutaih, R.H.; Kamfar, H.Z.; Alagha, A.E.; Marzouki, Z.M. Physical activity pattern and its relationship with overweight
and obesity in Saudi children. Int. J. Pediatrics Adolesc. Med. 2020, 7, 181–185. [CrossRef] [PubMed]

10. Kovacs, V.A.; Starc, G.; Brandes, M.; Kaj, M.; Blagus, R.; Leskošek, B.; Suesse, T.; Dinya, E.; Guinhouya, B.C.; Zito, V. Physical
activity, screen time and the COVID-19 school closures in Europe–An observational study in 10 countries. Eur. J. Sport Sci. 2022,
22, 1094–1103. [CrossRef] [PubMed]

11. Alshehri, L.M.; Al Agha, A.E. Impact of Covid-19 Lockdown on the Unhealthy Dietary Habits and Physical Activity of Children
and Adolescents Living in the Kingdom of Saudi Arabia. Ann. Med. Health Sci. Res. 2021, 11, 26–31.

http://doi.org/10.1371/journal.pone.0187668
http://www.ncbi.nlm.nih.gov/pubmed/29121640
http://doi.org/10.1186/1471-2458-11-674
http://doi.org/10.1139/apnm-2015-0630
http://doi.org/10.1016/j.jsams.2016.06.004
http://doi.org/10.1139/apnm-2015-0663
http://doi.org/10.3390/ijerph18168461
http://doi.org/10.3390/ijerph16132397
http://www.ncbi.nlm.nih.gov/pubmed/31284531
http://doi.org/10.1016/j.ijpam.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/33319016
http://doi.org/10.1080/17461391.2021.1897166
http://www.ncbi.nlm.nih.gov/pubmed/33641633


Int. J. Environ. Res. Public Health 2022, 19, 13304 12 of 14

12. Alanazi, Y.A.; Parrish, A.M.; Okely, A.D. Impact of the COVID-19 virus outbreak on 24-h movement behaviours among children
in Saudi Arabia: A cross-sectional survey. Child Care Health Dev. 2022, 48, 1031–1039. [CrossRef]

13. Rossi, L.; Behme, N.; Breuer, C. Physical Activity of Children and Adolescents during the COVID-19 Pandemic—A Scoping
Review. Int. J. Environ. Res. Public Health 2021, 18, 11440. [CrossRef]

14. Runacres, A.; Mackintosh, K.A.; Knight, R.L.; Sheeran, L.; Thatcher, R.; Shelley, J.; McNarry, M.A. Impact of the COVID-19
pandemic on sedentary time and behaviour in children and adults: A systematic review and meta-analysis. Int. J. Environ. Res.
Public Health 2021, 18, 11286. [CrossRef]

15. Ng, J.Y.; He, Q.; Chong, K.H.; Okely, A.D.; Chan, C.H.; Ha, A.S. The Impact of COVID-19 on Preschool-Aged Children’s Movement
Behaviors in Hong Kong: A Longitudinal Analysis of Accelerometer-Measured Data. Int. J. Environ. Res. Public Health 2021, 18,
11907. [CrossRef] [PubMed]

16. Nyström, C.D.; Alexandrou, C.; Henström, M.; Nilsson, E.; Okely, A.D.; El Masri, S.W.; Löf, M. 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. [CrossRef]

17. Schmidt, S.C.; 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, 21780. [CrossRef] [PubMed]

18. Bakhsh, M.A.; Khawandanah, J.; Naaman, R.K.; Alashmali, S. The impact of COVID-19 quarantine on dietary habits and physical
activity in Saudi Arabia: A cross-sectional study. BMC Public Health 2021, 21, 1487. [CrossRef] [PubMed]

19. Abdulsalam, N.M.; Khateeb, N.A.; Aljerbi, S.S.; Alqumayzi, W.M.; Balubaid, S.S.; Almarghlani, A.A.; Ayad, A.A.; Williams, L.L.
Assessment of dietary habits and physical activity changes during the full COVID-19 curfew period and its effect on weight
among adults in Jeddah, Saudi Arabia. Int. J. Environ. Res. Public Health 2021, 18, 8580. [CrossRef] [PubMed]

20. Hamed, A.M.; Javaid, H.A.; Abbasi, S.; Amanullah, A.; Ramadan, M.; Shakir, I.M.; AlHusseini, N. The Impact of COVID-19 on
Physical Activity among Adults in Saudi Arabia: A Cross-Sectional Study. Cureus 2022, 14, e26586. [CrossRef] [PubMed]

21. Corder, K.; Crespo, N.C.; van Sluijs, E.M.; Lopez, N.V.; Elder, J.P. Parent awareness of young children’s physical activity. Prev.
Med. 2012, 55, 201–205. [CrossRef] [PubMed]

22. Sebastiao, E.; Gobbi, S.; Chodzko-Zajko, W.; Schwingel, A.; Papini, C.; Nakamura, P.; Netto, A.; Kokubun, E. The International
Physical Activity Questionnaire-long form overestimates self-reported physical activity of Brazilian adults. Public Health 2012,
126, 967–975. [CrossRef] [PubMed]

23. Prince, S.A.; Cardilli, L.; Reed, J.L.; Saunders, T.J.; Kite, C.; Douillette, K.; Fournier, K.; Buckley, J.P. A comparison of self-reported
and device measured sedentary behaviour in adults: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2020,
17, 31. [CrossRef] [PubMed]

24. Keyes, B.L.; Wilson, K.S. Influence of parental physical activity and sedentary behavior on young children: Considering time
together. Res. Q. Exerc. Sport 2021, 92, 311–320. [CrossRef] [PubMed]

25. Hutchens, A.; Lee, R.E. Parenting practices and children’s physical activity: An integrative review. J. Sch. Nurs. 2018, 34, 68–85.
[CrossRef] [PubMed]

26. Bringolf-Isler, B.; Schindler, C.; Kayser, B.; Suggs, L.S.; Probst-Hensch, N. Objectively measured physical activity in population-
representative parent-child pairs: Parental modelling matters and is context-specific. BMC Public Health 2018, 18, 1024. [CrossRef]

27. Liszewska, N.; Scholz, U.; Radtke, T.; Horodyska, K.; Liszewski, M.; Luszczynska, A. Association between Children’s Physical
Activity and Parental Practices Enhancing Children’s Physical Activity: The Moderating Effects of Children’s BMI z-Score. Front.
Psychol. 2017, 8, 2359. [CrossRef] [PubMed]

28. Dlugonski, D.; DuBose, K.D.; Habeeb, C.M.; Rider, P. Physical activity coparticipation among parent–young-child dyads. Pediatric
Exerc. Sci. 2020, 32, 132–139. [CrossRef]

29. Garriguet, D.; Colley, R.; Bushnik, T. Parent-Child association in physical activity and sedentary behaviour. Health Rep. 2017, 28,
3–11.

30. Moore, S.A.; Faulkner, G.; Rhodes, R.E.; Brussoni, M.; Chulak-Bozzer, T.; Ferguson, L.J.; Mitra, R.; O’Reilly, N.; Spence, J.C.;
Vanderloo, L.M. Impact of the COVID-19 virus outbreak on movement and play behaviours of Canadian children and youth: A
national survey. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 85. [CrossRef] [PubMed]

31. Cole, T.J.; Freeman, J.V.; Preece, M.A. Body mass index reference curves for the UK, 1990. Arch. Dis. Child. 1995, 73, 25–29.
[CrossRef] [PubMed]

32. Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide:
International survey. BMJ 2000, 320, 1240–1243. [CrossRef] [PubMed]

33. Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Delisle Nystrom, C.; Mora-Gonzalez, J.; Lof, M.; Labayen, I.; Ruiz, J.R.;
Ortega, F.B. Accelerometer Data Collection and Processing Criteria to Assess Physical Activity and Other Outcomes: A Systematic
Review and Practical Considerations. Sports Med. 2017, 47, 1821–1845. [CrossRef] [PubMed]

34. Romanzini, M.; Petroski, E.L.; Ohara, D.; Dourado, A.C.; Reichert, F.F. Calibration of ActiGraph GT3X, Actical and RT3
accelerometers in adolescents. Eur. J. Sport Sci. 2014, 14, 91–99. [CrossRef] [PubMed]

35. Peterson, N.E.; Sirard, J.R.; Kulbok, P.A.; DeBoer, M.D.; Erickson, J.M. Validation of accelerometer thresholds and inclinometry for
measurement of sedentary behavior in young adult university students. Res. Nurs. Health 2015, 38, 492–499. [CrossRef] [PubMed]

http://doi.org/10.1111/cch.12999
http://doi.org/10.3390/ijerph182111440
http://doi.org/10.3390/ijerph182111286
http://doi.org/10.3390/ijerph182211907
http://www.ncbi.nlm.nih.gov/pubmed/34831662
http://doi.org/10.3390/ijerph17228491
http://doi.org/10.1038/s41598-020-78438-4
http://www.ncbi.nlm.nih.gov/pubmed/33311526
http://doi.org/10.1186/s12889-021-11540-y
http://www.ncbi.nlm.nih.gov/pubmed/34330241
http://doi.org/10.3390/ijerph18168580
http://www.ncbi.nlm.nih.gov/pubmed/34444328
http://doi.org/10.7759/cureus.26586
http://www.ncbi.nlm.nih.gov/pubmed/35936172
http://doi.org/10.1016/j.ypmed.2012.06.021
http://www.ncbi.nlm.nih.gov/pubmed/22766008
http://doi.org/10.1016/j.puhe.2012.07.004
http://www.ncbi.nlm.nih.gov/pubmed/22944387
http://doi.org/10.1186/s12966-020-00938-3
http://www.ncbi.nlm.nih.gov/pubmed/32131845
http://doi.org/10.1080/02701367.2020.1727405
http://www.ncbi.nlm.nih.gov/pubmed/32101505
http://doi.org/10.1177/1059840517714852
http://www.ncbi.nlm.nih.gov/pubmed/28631518
http://doi.org/10.1186/s12889-018-5949-9
http://doi.org/10.3389/fpsyg.2017.02359
http://www.ncbi.nlm.nih.gov/pubmed/29422877
http://doi.org/10.1123/pes.2019-0213
http://doi.org/10.1186/s12966-020-00987-8
http://www.ncbi.nlm.nih.gov/pubmed/32631350
http://doi.org/10.1136/adc.73.1.25
http://www.ncbi.nlm.nih.gov/pubmed/7639544
http://doi.org/10.1136/bmj.320.7244.1240
http://www.ncbi.nlm.nih.gov/pubmed/10797032
http://doi.org/10.1007/s40279-017-0716-0
http://www.ncbi.nlm.nih.gov/pubmed/28303543
http://doi.org/10.1080/17461391.2012.732614
http://www.ncbi.nlm.nih.gov/pubmed/24533499
http://doi.org/10.1002/nur.21694
http://www.ncbi.nlm.nih.gov/pubmed/26444969


Int. J. Environ. Res. Public Health 2022, 19, 13304 13 of 14

36. Sasaki, J.E.; John, D.; Freedson, P.S. Validation and comparison of ActiGraph activity monitors. J. Sci. Med. Sport 2011, 14, 411–416.
[CrossRef]

37. Bailey, D.P.; Charman, S.J.; Ploetz, T.; Savory, L.A.; Kerr, C.J. Associations between prolonged sedentary time and breaks in
sedentary time with cardiometabolic risk in 10–14-year-old children: The HAPPY study. J. Sports Sci. 2017, 35, 2164–2171.
[CrossRef] [PubMed]

38. Bailey, D.P.; Locke, C.D. Breaking up prolonged sitting with light-intensity walking improves postprandial glycemia, but breaking
up sitting with standing does not. J. Sci. Med. Sport 2015, 18, 294–298. [CrossRef] [PubMed]

39. Healy, G.N.; Dunstan, D.W.; Salmon, J.; Cerin, E.; Shaw, J.E.; Zimmet, P.Z.; Owen, N. Breaks in sedentary time: Beneficial
associations with metabolic risk. Diabetes Care 2008, 31, 661–666. [CrossRef] [PubMed]

40. Mattocks, C.; Ness, A.; Leary, S.; Tilling, K.; Blair, S.N.; Shield, J.; Deere, K.; Saunders, J.; Kirkby, J.; Smith, G.D.; et al. Use of
accelerometers in a large field-based study of children: Protocols, design issues, and effects on precision. J. Phys. Act. Health 2008,
5 (Suppl. S1), S98–S111. [CrossRef] [PubMed]

41. O’brien, R.M. A caution regarding rules of thumb for variance inflation factors. Qual. Quant. 2007, 41, 673–690. [CrossRef]
42. Daryanto, A. Tutorial on heteroskedasticity using heteroskedasticityV3 SPSS macro. Quant. Methods Psychol. 2020, 16, 8–20.

[CrossRef]
43. Dallolio, L.; Marini, S.; Masini, A.; Toselli, S.; Stagni, R.; Bisi, M.C.; Gori, D.; Tessari, A.; Sansavini, A.; Lanari, M. The impact

of COVID-19 on physical activity behaviour in Italian primary school children: A comparison before and during pandemic
considering gender differences. BMC Public Health 2022, 22, 52. [CrossRef] [PubMed]

44. Ten Velde, G.; Lubrecht, J.; Arayess, L.; van Loo, C.; Hesselink, M.; Reijnders, D.; Vreugdenhil, A. Physical activity behaviour
and screen time in Dutch children during the COVID-19 pandemic: Pre-, during-and post-school closures. Pediatric Obes. 2021,
16, e12779.

45. Alonso-Martínez, A.M.; Ramírez-Vélez, R.; García-Alonso, Y.; Izquierdo, M.; García-Hermoso, A. Physical activity, sedentary
behavior, sleep and self-regulation in Spanish preschoolers during the COVID-19 lockdown. Int. J. Environ. Res. Public Health
2021, 18, 693. [CrossRef]

46. Pombo, A.; Luz, C.; Rodrigues, L.P.; Ferreira, C.; Cordovil, R. Correlates of children’s physical activity during the COVID-19
confinement in Portugal. Public Health 2020, 189, 14–19. [CrossRef]

47. Neshteruk, C.D.; Mazzucca, S.; Østbye, T.; Ward, D.S. The physical environment in family childcare homes and children’s physical
activity. Child Care Health Dev. 2018, 44, 746–752. [CrossRef] [PubMed]

48. Kracht, C.L.; Sisson, S.B. Sibling influence on children’s objectively measured physical activity: A meta-analysis and systematic
review. BMJ Open Sport Exerc. Med. 2018, 4, e000405. [CrossRef] [PubMed]

49. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef] [PubMed]

50. Weaver, R.G.; Armstrong, B.; Hunt, E.; Beets, M.W.; Brazendale, K.; Dugger, R.; Turner-McGrievy, G.; Pate, R.R.; Maydeu-Olivares,
A.; Saelens, B. The impact of summer vacation on children’s obesogenic behaviors and body mass index: A natural experiment.
Int. J. Behav. Nutr. Phys. Act. 2020, 17, 153. [CrossRef] [PubMed]

51. Alanazi, Y.A.; Parrish, A.-M.; Okely, A.D. 24-Hour movement behaviours and COVID-19 among children in the Kingdom of
Saudi Arabia: A repeat cross-sectional study. Sports Medicine and Health Science 2022, 4, 177–182. [CrossRef] [PubMed]

52. Leeger-Aschmann, C.S.; Schmutz, E.A.; Zysset, A.E.; Kakebeeke, T.H.; Messerli-Bürgy, N.; Stülb, K.; Arhab, A.; Meyer, A.H.; Mun-
sch, S.; Jenni, O.G. Accelerometer-derived physical activity estimation in preschoolers–comparison of cut-point sets incorporating
the vector magnitude vs the vertical axis. BMC Public Health 2019, 19, 513. [CrossRef] [PubMed]

53. Mason, M.R.; Hudgins, J.H.; Campbell, M.S.; Biddle, M.J.; Ickes, M.J.; Dugan, A.; Bollinger, L.M. Changes in physical activity
during the initial stages of the COVID-19 pandemic. J. Sports Sci. 2022, 40, 116–124. [CrossRef] [PubMed]

54. Kingsnorth, A.P.; Patience, M.; Moltchanova, E.; Esliger, D.W.; Paine, N.J.; Hobbs, M. Changes in device-measured physical
activity patterns in UK adults related to the first COVID-19 lockdown. J. Meas. Phys. Behav. 2021, 4, 247–256. [CrossRef]

55. Sañudo, B.; Fennell, C.; Sánchez-Oliver, A.J. Objectively-assessed physical activity, sedentary behavior, smartphone use, and sleep
patterns pre-and during-COVID-19 quarantine in young adults from Spain. Sustainability 2020, 12, 5890. [CrossRef]

56. Alothman, S.A.; Alghannam, A.F.; Almasud, A.A.; Altalhi, A.S.; Al-Hazzaa, H.M. Lifestyle behaviors trend and their relationship
with fear level of COVID-19: Cross-sectional study in Saudi Arabia. PLoS ONE 2021, 16, e0257904. [CrossRef] [PubMed]

57. Barwais, F.A. Assessing physical activity and sedentary time during the COVID-19 pandemic using self-reported measurement.
Natl. J. Physiol. Pharm. Pharmacol. 2020, 10, 1019. [CrossRef]

58. Rezende, D.A.; Pinto, A.J.; Goessler, K.F.; Nicoletti, C.F.; Sieczkowska, S.M.; Meireles, K.; Esteves, G.P.; Genario, R.; Oliveira
Júnior, G.N.; Santo, M.A. Influence of adherence to social distancing due to the COVID-19 pandemic on physical activity level in
post-bariatric patients. Obes. Surg. 2021, 31, 1372–1375. [CrossRef] [PubMed]

59. Sultan, I.; Alobaidi, R.A.; Sewaid, K.K.; Bader, M.U.; Almuwallad, N.T.; Mohammed, R.A. Assessment of the Effect of the
COVID-19 Pandemic on the Lifestyle of the Population in Saudi Arabia: A Cross-Sectional Online Survey Study. Cureus 2021,
13, e19796. [CrossRef]

60. Kunstler, B.; Slattery, P.; Grundy, E.A.; Goodwin, D.; Saeri, A.K. Physical Activity and Sedentary Behaviour during the COVID-19
Pandemic: An Australian Population Study. 2020. Available online: https://osf.io/t5jbu/ (accessed on 26 July 2022).

http://doi.org/10.1016/j.jsams.2011.04.003
http://doi.org/10.1080/02640414.2016.1260150
http://www.ncbi.nlm.nih.gov/pubmed/27892780
http://doi.org/10.1016/j.jsams.2014.03.008
http://www.ncbi.nlm.nih.gov/pubmed/24704421
http://doi.org/10.2337/dc07-2046
http://www.ncbi.nlm.nih.gov/pubmed/18252901
http://doi.org/10.1123/jpah.5.s1.s98
http://www.ncbi.nlm.nih.gov/pubmed/18364528
http://doi.org/10.1007/s11135-006-9018-6
http://doi.org/10.20982/tqmp.16.5.v008
http://doi.org/10.1186/s12889-021-12483-0
http://www.ncbi.nlm.nih.gov/pubmed/34998379
http://doi.org/10.3390/ijerph18020693
http://doi.org/10.1016/j.puhe.2020.09.009
http://doi.org/10.1111/cch.12578
http://www.ncbi.nlm.nih.gov/pubmed/29873093
http://doi.org/10.1136/bmjsem-2018-000405
http://www.ncbi.nlm.nih.gov/pubmed/30364499
http://doi.org/10.1136/bmjsem-2020-000960
http://www.ncbi.nlm.nih.gov/pubmed/34192010
http://doi.org/10.1186/s12966-020-01052-0
http://www.ncbi.nlm.nih.gov/pubmed/33243252
http://doi.org/10.1016/j.smhs.2022.05.001
http://www.ncbi.nlm.nih.gov/pubmed/36090920
http://doi.org/10.1186/s12889-019-6837-7
http://www.ncbi.nlm.nih.gov/pubmed/31060538
http://doi.org/10.1080/02640414.2021.1976569
http://www.ncbi.nlm.nih.gov/pubmed/34503395
http://doi.org/10.1123/jmpb.2021-0005
http://doi.org/10.3390/su12155890
http://doi.org/10.1371/journal.pone.0257904
http://www.ncbi.nlm.nih.gov/pubmed/34644323
http://doi.org/10.5455/njppp.2020.10.09241202001102020
http://doi.org/10.1007/s11695-020-05044-8
http://www.ncbi.nlm.nih.gov/pubmed/33047287
http://doi.org/10.7759/cureus.19796
https://osf.io/t5jbu/


Int. J. Environ. Res. Public Health 2022, 19, 13304 14 of 14

61. García-Tascón, M.; Sahelices-Pinto, C.; Mendaña-Cuervo, C.; Magaz-González, A.M. The impact of the COVID-19 confinement
on the habits of PA practice according to gender (male/female): Spanish case. Int. J. Environ. Res. Public Health 2020, 17, 6961.
[CrossRef] [PubMed]

62. Katewongsa, P.; Widyastari, D.A.; Saonuam, P.; Haemathulin, N.; Wongsingha, N. The effects of the COVID-19 pandemic on the
physical activity of the Thai population: Evidence from Thailand’s Surveillance on Physical Activity 2020. J. Sport Health Sci. 2021,
10, 341–348. [CrossRef] [PubMed]

63. Nienhuis, C.P.; Lesser, I.A. The impact of COVID-19 on women’s physical activity behavior and mental well-being. Int. J. Environ.
Res. Public Health 2020, 17, 9036. [CrossRef]

64. Rodríguez-Rodríguez, F.; Huertas-Delgado, F.J.; Barranco-Ruiz, Y.; Aranda-Balboa, M.J.; Chillón, P. Are the parents’ and their
children’s physical activity and mode of commuting associated? Analysis by gender and age group. Int. J. Environ. Res. Public
Health 2020, 17, 6864. [CrossRef] [PubMed]

65. Hnatiuk, J.A.; Ridgers, N.D.; Salmon, J.; Hesketh, K.D. Maternal correlates of young children’s physical activity across periods of
the day. J. Sci. Med. Sport 2017, 20, 178–183. [CrossRef] [PubMed]

66. Barkin, S.L.; Lamichhane, A.P.; Banda, J.A.; JaKa, M.M.; Buchowski, M.S.; Evenson, K.R.; Bangdiwala, S.I.; Pratt, C.; French, S.A.;
Stevens, J. Parent’s physical activity associated with preschooler activity in underserved populations. Am. J. Prev. Med. 2017, 52,
424–432. [CrossRef]

67. Rutkowski, E.M.; Connelly, C.D. Obesity risk knowledge and physical activity in families of adolescents. J. Pediatric Nurs. 2011,
26, 51–57. [CrossRef] [PubMed]

68. Tanaka, C.; Okuda, M.; Tanaka, M.; Inoue, S.; Tanaka, S. Associations of physical activity and sedentary time in primary school
children with their parental behaviors and supports. Int. J. Environ. Res. Public Health 2018, 15, 1995. [CrossRef] [PubMed]

69. Jago, R.; Fox, K.R.; Page, A.S.; Brockman, R.; Thompson, J.L. Parent and child physical activity and sedentary time: Do active
parents foster active children? BMC Public Health 2010, 10, 194. [CrossRef]

70. Rebold, M.J.; Lepp, A.; Kobak, M.S.; McDaniel, J.; Barkley, J.E. The effect of parental involvement on children’s physical activity. J.
Pediatrics 2016, 170, 206–210. [CrossRef] [PubMed]

71. Song, M.; Dieckmann, N.F.; Stoyles, S.; Kim, Y.; Lumeng, J.C. Associations between mother’s and children’s moderate-to-vigorous
physical activity and sedentary time in the family context. Prev. Med. Rep. 2017, 8, 197–203. [CrossRef] [PubMed]

72. Loucaides, C.A.; Tsangaridou, N. Associations between parental and friend social support and children’s physical activity and
time spent outside playing. Int. J. Pediatrics 2017, 2017, 7582398. [CrossRef] [PubMed]

73. Alharbi, M. Influence of individual and family factors on physical activity among Saudi girls: A cross-sectional study. Ann. Saudi
Med. 2019, 39, 13–21. [CrossRef] [PubMed]

74. Fuemmeler, B.F.; Anderson, C.B.; Mâsse, L.C. Parent-child relationship of directly measured physical activity. Int. J. Behav. Nutr.
Phys. Act. 2011, 8, 17. [CrossRef] [PubMed]

75. Carson, V.; Langlois, K.; Colley, R. Associations between parent and child sedentary behaviour and physical activity in early
childhood. Health Rep. 2020, 31, 1–10.

76. Hesketh, K.R.; Goodfellow, L.; Ekelund, U.; McMinn, A.M.; Godfrey, K.M.; Inskip, H.M.; Cooper, C.; Harvey, N.C.; van Sluijs, E.M.
Activity levels in mothers and their preschool children. Pediatrics 2014, 133, e973–e980. [CrossRef] [PubMed]

77. Loprinzi, P.D.; Lee, H.; Cardinal, B.J.; Crespo, C.J.; Andersen, R.E.; Smit, E. The relationship of actigraph accelerometer cut-points
for estimating physical activity with selected health outcomes: Results from NHANES 2003–06. Res. Q. Exerc. Sport 2012, 83,
422–430.

http://doi.org/10.3390/ijerph17196961
http://www.ncbi.nlm.nih.gov/pubmed/32977571
http://doi.org/10.1016/j.jshs.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33039655
http://doi.org/10.3390/ijerph17239036
http://doi.org/10.3390/ijerph17186864
http://www.ncbi.nlm.nih.gov/pubmed/32962197
http://doi.org/10.1016/j.jsams.2016.06.014
http://www.ncbi.nlm.nih.gov/pubmed/27460333
http://doi.org/10.1016/j.amepre.2016.11.017
http://doi.org/10.1016/j.pedn.2009.12.069
http://www.ncbi.nlm.nih.gov/pubmed/21256412
http://doi.org/10.3390/ijerph15091995
http://www.ncbi.nlm.nih.gov/pubmed/30217021
http://doi.org/10.1186/1471-2458-10-194
http://doi.org/10.1016/j.jpeds.2015.11.072
http://www.ncbi.nlm.nih.gov/pubmed/26725460
http://doi.org/10.1016/j.pmedr.2017.10.012
http://www.ncbi.nlm.nih.gov/pubmed/29134174
http://doi.org/10.1155/2017/7582398
http://www.ncbi.nlm.nih.gov/pubmed/28348605
http://doi.org/10.5144/0256-4947.2019.13
http://www.ncbi.nlm.nih.gov/pubmed/30712046
http://doi.org/10.1186/1479-5868-8-17
http://www.ncbi.nlm.nih.gov/pubmed/21385455
http://doi.org/10.1542/peds.2013-3153
http://www.ncbi.nlm.nih.gov/pubmed/24664097

	Introduction 
	Materials and Methods 
	Participants and Family Characteristics 
	Study Context 
	Children and Parents’ Body Mass Index (BMI) Measures 
	PA and Sedentary Measures 
	Data Analysis 

	Results 
	Discussion 
	Children’s Time Spent in PA and Sedentary Behaviors during the COVID-19 Pandemic 
	Parents’ Time Spent in PA and Sedentary Behaviors during the COVID-19 Pandemic 
	Child and Parent Association of PA and Sedentary Behaviors 
	Strength, Limitations, and Implications 

	Conclusions 
	References

