
Jurado‑Castro et al. Sports Medicine - Open           (2025) 11:71  
https://doi.org/10.1186/s40798-025-00865-2

ORIGINAL RESEARCH ARTICLE

Evaluation of Physical Activity, Sedentary 
Patterns, and Lifestyle Behavior in Spanish 
Preschool Children from the CORALS Cohort
Jose Manuel Jurado‑Castro1,2,16, Belén Pastor‑Villaescusa2,3,17, Cristina Castro‑Collado2, 
Mercedes Gil‑Campos1,2*, Rosaura Leis1,4,5, Nancy Babio1,6,7, Luis A. Moreno1,8,9, Santiago Navas‑Carretero1,10,11, 
Olga Portolés1,12, Ana Moreira Echeverría1,13, Maria Jose De La Torre‑Aguilar2, Rosaura Picáns‑Leis18, 
Jordi Salas‑Salvadó1,6,7, Pilar de Miguel‑Etayo1,8,9, Katherine Flores‑Rojas2, Rocío Vázquez‑Cobela1,4,5, 
Júlia Valero Sales6,7, Maria L. Miguel‑Berges1,8,9, Isabel Izquierdo‑López4,5, Carlos Gómez‑Martínez1,6,7, 
Diana Paola Córdoba‑Rodríguez15, Gisela Mimbrero6,7, Francisco Jesus Llorente‑Cantarero1,2,14 and on behalf of 
the CORAL Study investigators 

Abstract 

Background  Physical activity (PA) and sedentary lifestyle are recognized as modifiable risk factors for non-communi‑
cable diseases. Healthy habits in early childhood tend to persist throughout life. This study aims to evaluate the physi‑
cal activity and sedentary behavior patterns in a cohort of Spanish preschool children using device-based measures, 
and compare these patterns by sex. This study analyzed a sample of 643 preschoolers aged 3–6 years with valid 
accelerometry data from the Childhood Obesity Risk Assessment Longitudinal Study (CORALS) cohort (NCT06317883; 
May 30, 2024). 

Results  67% of preschoolers met the international PA recommendations, with 72.1 min of moderate-vigorous PA 
(MVPA) per day. Boys exhibited higher levels of MVPA than girls, and MVPA increased with age in both groups. Seden‑
tary time was higher on weekends, and boys spent more time watching TV than girls. Involvement in extracurricular 
sports was reported by 67.5% of children, with boys showing a greater engagement in outdoor activities. 

Conclusions  A relevant proportion of Spanish preschool children meet the international PA recommendations, 
with variations based on sex, age, and day of the week, reflecting global trends at this stage of life. Future interven‑
tions should address sex-specific preferences and age-related changes to enhance the effectiveness of promoting 
active lifestyles in this population.

Key Points 

•	 67% of  Spanish preschoolers met international physical activity (PA) recommendations, averaging 72.1  min 
of  moderate-vigorous physical activity (MVPA) per  day. Boys exhibited higher levels of  MVPA than  girls, 
and both increased their MVPA with age.
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Background
Physical inactivity is an important modifiable risk fac-
tor for non-communicable diseases such as obesity [1]. 
Despite the World Health Organization’s efforts to pro-
mote a higher adherence to physical activity (PA) practice 
offering clear guidelines and adaptable interventions [2], 
insufficient levels of PA have been reported worldwide 
[3].

PA habits established in childhood contribute positively 
to the child’s development and overall health throughout 
life [4, 5]. International PA guidelines recommend that 
children aged 3 and 4 engage in at least 180  min of PA 
per day, including a minimum of 60 min of moderate to 
vigorous physical activity (MVPA) [6, 7]. For children 
aged 5 and older, the guidelines advise at least 60 min of 
MVPA per day [2]; along with reducing sedentary time 
to maximize health benefits. In addition, adequate sleep 
time for their age is advised to achieve these PA recom-
mendations [8], with a target of approximately 10–13  h 
per day, while limiting screen time to less than one hour 
per day [2, 6]. Therefore, it is crucial to closely monitor 
adherence to all these recommendations, with a particu-
lar emphasis on PA levels and duration. This monitoring 
may serve as a basis for establishing achievable goals, 
with the aim of enhancing the proportion of the popula-
tion meeting optimal levels of PA and preventing seden-
tary behavior [9].

Several intercontinental surveillance systems have been 
established to monitor and assess adequate levels of PA 
in children and adolescents worldwide [10]. Traditionally, 
questionnaires were used to evaluate sedentary behavior 
and estimate different intensities of PA [11]. However, 
several methods such as accelerometry have been devel-
oped to more accurately assess PA in children and ado-
lescents [12]. This represent a valid, reliable, and practical 
tool for measuring the intensity, duration, and frequency 
of movement related to both sedentary time and PA in 
children [13], and preschoolers [14].

In this context, several initiatives have employed stand-
ardized accelerometer protocols to harmonize device-
based PA measurements across multiple studies involving 
children [15, 16]. However, few studies have assessed PA 
in preschool children using accelerometry [10], and the 
results have been inconsistent [9, 16, 17].

Furthermore, several factors might contribute to 
achieving the recommended levels of PA in preschool 

children. These include the development of motor skills, 
as well as participation in social activities such as extra-
curricular sports [18], group activities and active free 
play [19, 20].

Sex differences also play a significant role in PA levels 
among preschool children. Boys are generally more phys-
ically active than girls, engaging more frequently in vig-
orous play and organized sports [21]. This disparity can 
be attributed to a variety of social, cultural, and biologi-
cal factors, including differing parental encouragement 
and societal expectations for boys and girls. Understand-
ing these sex-based differences is crucial for designing 
targeted interventions that promote higher levels of PA 
among all children, ensuring both boys and girls can 
meet the recommended levels of PA and enjoy the associ-
ated health benefits [21].

Given the limited information on PA patterns and 
sedentary behavior in preschool-aged children world-
wide, the present study aimed to assess PA and seden-
tary behavior using device-based measures, and their 
relationships with other related factors in a Spanish pre-
school-children from the Childhood Obesity Risk Assess-
ment Longitudinal Study (CORALS) cohort.

Methods
Study Design and Participants
This cross-sectional study was conducted using data 
from the CORALS, which followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline. The protocol study was 
registered (NCT06317883; May 30, 2024).

The CORALS is a long-term prospective observational 
cohort project focused on preschool children, conducted 
across seven Spanish centers located in different regions. 
Its aim is to investigate the risk factors contributing to 
the development of childhood obesity over a 10-year 
period (https://​corals.​es/). Participants were recruited 
through multiple primary health care centers and schools 
in the participating cities, ensuring a geographically and 
socio-demographically diverse sample that captured 
variability across different contexts. A detailed descrip-
tion of the CORALS is published elsewhere [22]. To be 
enrolled in the study, parents or caregivers were required 
to sign a consent form, attend an in-person inclusion 
visit, and complete several questionnaires at home to 
provide data on leisure time PA and sociodemographics. 

•	 Future interventions should consider sex-specific preferences and  age-related changes to  effectively promote 
active lifestyles. Maintaining adequate PA levels and improving adherence is necessary, especially through strate‑
gies that encourage greater participation of girls in physical activities.
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The exclusion criteria included families with limited 
Spanish proficiency or an unstable residence. However, 
the incompleteness of information provided through 
questionnaires was not considered a basis for exclusion. 
All measurements and data collection were carried out 
across the school year (from September to June).

The Ethics Committee of each recruitment center 
approved the study protocol (references: 051/2019, 
4155/2019, 2019/18, 9/19, 09/2019, 19/27, and 2019/131), 
which was conducted following the standards of the Dec-
laration of Helsinki [23].

Clinical Examination and Anthropometric Measurements
Sex was assessed by history and physical examination by 
the pediatricians. Body weight and body fat mass were 
measured using a precision scale equipped with an octo-
polar multifrequency bioelectrical impedance (Tanita 
MC780SMA; Tanita Europe, B.V.). Height was deter-
mined using a portable stadiometer (SECA 213, Scale 
20–205  cm; SECA). These assessments were conducted 
with the child wearing light clothing, without shoes, and 
following standard procedures. Body mass index (BMI) 
was calculated as weight divided by height2 [24], and BMI 
Z-score was further calculated based on Spanish refer-
ence standards [25]. Waist circumference was measured 
with a measuring tape (SECA 201), midway between the 
lowest rib and the iliac crest. The anthropometric meas-
urements were taken by trained personnel, who received 
specific training before the study to standardize the eval-
uations, and according to the International Society for 
the Advancement of Kinanthropometry (ISAK) protocol 
[26].

Physical activity evaluation and accelerometry data 
collection
PA was assessed using ActiGraph GT3X + accelerom-
eters (ActiGraph; Pensacola, FL, USA). The monitor 
measured accelerations in three individual axes (vertical, 
horizontal, perpendicular) with a dynamic range of ± 6 
units of gravity. Data were collected at a frequency of 
30 Hz, with accelerometers programmed to continuously 
record activity (raw data). To facilitate analysis through 
the ActiLife software version 6.13.3 (ActiGraph Soft-
ware Department: Pensacola, FL, USA), the data were 
then exported into 1-s epochs, minimizing information 
loss and generating a file in AGD format. The accelerom-
eters were placed on the right side of the waist using an 
elastic band to ensure the children’s comfort. The par-
ents and teachers were provided with instructions on 
the correct use of the device and were informed about its 
purpose and methodology. The device was worn during 
the school year, not at summer holidays. Furthermore, 
parents, teachers, and children were instructed that the 

Actigraph should be worn 24 h per day, for seven days. 
To account for activities that were not captured by the 
accelerometers, parents were provided with an activity 
logbook. They were instructed to record the reason (e.g., 
showering or swimming) and duration (in time slots) of 
the activities when they removed the accelerometers. 

Scoring data were processed using ActiLife software 
with a 60-s epochs conversion [27]. PA and sedentary 
time were analyzed based on a minimum of ten hours 
of monitoring per day for at least three days, including 
one weekend day, which was considered acceptable [27]. 
Additionally, two criteria were applied to exclude low-
quality records: (a) all negative counts were replaced with 
missing data, and (b) periods of 20 min or more of con-
secutive zero counts were treated as missing data before 
downstream analysis [28]. Exclusion criteria for this anal-
ysis included invalid data availability, non-compliance 
with the minimum required monitoring hours, or insuf-
ficient recording time on valid days during the week or 
weekend. The ActiLife data scoring program was used 
to determine daily min spent in sedentary behavior and 
PA for each epoch-length dataset, following the activ-
ity cut-off points accelerometry protocol by Butte et  al. 
[29], where sedentary time was defined as ≤ 819 counts 
per min (CPM), light PA was defined as 820–3907 CPM, 
moderate PA was defined as 3908–6111 CPM, and vigor-
ous PA was defined as ≥ 6112 CPM.

To assess adherence to international PA guidelines, we 
categorized compliance based on age-specific recom-
mendations [2, 6, 7].

Active Lifestyle, Extracurricular Sports, Screen Time 
and Sleeping Patterns
A series of self-administered questionnaires were used to 
collect information on lifestyle behaviors, completed by 
parents or caregivers at home. These questionnaires were 
employed to assess various aspects of children’s daily 
routines, including the PA. Given the specific context of 
the study and the need to reduce respondents’ burden, 
these ad hoc questionnaires, based on a previously vali-
dated instrument [30] were developed to assess screen 
time and sleep patterns. This tailored approach was cho-
sen to ensure simple, easy-to-understand questions for 
parents and caregivers, capturing relevant data while 
enhancing response rates. To verify consistency, an ini-
tial exploratory session was performed, achieving three 
key objectives: (1) ensuring that each item was appro-
priate for the study’s age range, (2) confirming that each 
question allowed for accurate and adequate assessment, 
and (3) validating that each indicator effectively meas-
ured its intended construct. Moreover, the exploratory 
analysis for this tool yielded a Cronbach’s alpha of 0.625, 



Page 4 of 14Jurado‑Castro et al. Sports Medicine - Open           (2025) 11:71 

indicating an acceptable level of reliability. Unanswered 
questions were treated as missing data.

Active Lifestyle and Extracurricular Sports
To assess the total weekly time (in hours) spent engag-
ing in sports and physical activities related to an active 
lifestyle, a previously validated questionnaire was used 
[30]. This instrument collected data on children’s daily 
commuting habits, time spent in outdoor play involv-
ing PA on school days and weekends, and participation 
in extracurricular sports activities. For instance, parents 
were asked, "How much time does your child play outside 
the home on a weekday/weekend?".

An additional ad hoc questionnaire, previously used 
and published [22], was employed to assess leisure-time 
PA, including sedentary behaviors, to determine an 
active lifestyle. This questionnaire enabled comparisons 
between groups based on specific movement-related 
behaviors. Children were categorized based on their com-
pliance (Yes/No) with activities such as non-continuous 
walks, outdoor family activities, and active or sedentary 
play (i.e.: running vs. sitting, playing with toys, or color-
ing). Differences in sedentary time, light PA, and MVPA 
were analyzed between those who met specific behavio-
ral criteria and those who did not. Only data showing sta-
tistically significant differences were presented.

Screen Time
Additionally, an ad hoc questionnaire was used to meas-
ure the screen time (on school days and weekends) and 
the child’s sleep pattern based on the nighttime sleep 
and the nap duration during weekdays, weekend days, 
or holidays. Screen time on weekdays and weekend days 
was assessed by two questions: (a) “How long does your 
child watch television?” and (b) “How long does your 
child play in the computer/cell phone/game console?” 
Possible answers were “none,” “0.5–1 h/day,” “1–2 h/day,” 
“2–3  h/day,” “3–4  h/day,” or “more than 4  h/day.” Total 
screen time was calculated as a quantitative variable and 
assessed continuously (hours/day). Compliance with 
screen time recommendations was categorized dichoto-
mously based on existing guidelines. For children under 
5  years old, the World Health Organization (WHO) 
cut-off was applied where non-compliance was defined 
as > 1  h/day and compliance as ≤ 1  h/day [7]. For chil-
dren aged 6  years and older, since the American Acad-
emy of Pediatrics does not establish a strict time limit but 
advises minimizing recreational screen time and ensur-
ing it does not interfere with sleep, PA, or other essential 
behaviors [31], a threshold of ≤ 1  h/day was used as an 
indicator of compliance.

Sleep Duration
The sleep duration was evaluated through the questions: 
“How long does your child sleep at night during weekdays 
and on weekend days or holidays?” and “How long does 
your child nap during weekdays and on weekend days or 
holidays?” Total sleep duration (hours per day) was calcu-
lated by summing the hours of nighttime sleep and nap 
time across weekdays and weekends, and holidays. To 
obtain a more accurate representation of average sleep 
duration over the week, a weighted average was applied, 
with specific weights assigned to each type of day (week-
day, weekend, or holiday) based on their frequency in a 
typical week. Sleep duration (hours/day) and adequacy of 
the sleep pattern (inadequate; adequate) were obtained. 
An adequate sleep pattern was considered when it ranged 
between 10 and 14 h/day for children under 6 years old 
and between 9 and 12 h/day for children over 6 years old. 
Sleeping less or more than these values was considered 
an inadequate sleep pattern [8].

Statistical Analyses
Continuous variables were presented as mean ± standard 
deviation (SD). Data distribution was assessed using the 
Kolmogórov-Smirnov test. Differences between girls and 
boys in time spent at sedentary and different PA intensi-
ties, physical activities related to an active lifestyle (out-
door playtime preferences, non-continuous walks of at 
least 30 min daily, outdoor family activities at least once 
a week, and activity preferences such as running vs. sed-
entary activities like sitting or playing with toys), screen 
time, and sleep time were compared using multivariate 
general linear models adjusting for age, BMI and center. 
All models were evaluated by model control (normality 
of residuals and variance homogeneity). For comparison 
of frequency distributions (lifestyle activities, extracur-
ricular sport activities and screen time evaluated by ques-
tionnaires), X2 test was used. This test was conducted 
stratifying the data according to each extracurricular 
sport activity.

Given the data dispersion, Spearman’s correlation anal-
ysis was performed to examine the relationships between 
age, sedentary time, and time spent at different PA inten-
sities by sex. In contrast, Pearson correlation coefficients 
were calculated for sleep duration and total screen time 
in the entire population, as these variables exhibited 
normal data dispersion. The strength of the correlations 
was interpreted as follows: weak (rho/r < 0.3), moderate 
(rho/r = 0.3–0.5), or strong (rho/r > 0.5).

To examine a potential synergy between age and sex in 
relation to sedentary time and different PA intensity lev-
els, linear regression analyses were performed, incorpo-
rating interaction terms. Sedentary time and PA intensity 
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levels were included as dependent variables, with sex, 
age, and the interaction variable as independent varia-
bles. The results were presented using the β standardized 
coefficients and their statistical significance to assess the 
strength and relevance of the associations.

Tests were done using a two-sided 5% significance 
level, and the statistical analyses were conducted using 
SPSS software version 25 (SPSS Inc., Chicago, IL, USA) 
and R v.3.6.3 package.

Results
Demographic and Anthropometric Data
From 716 participants that provided device-based data 
regarding the practice of PA, a total of 643 children 
(50.8% girls) met the accelerometry inclusion criteria 
for analysis (Fig.  1). Table  1 shows descriptive charac-
teristics of the total study population and stratified by 
sex. Girls showed higher fat mass index compared with 

boys without other differences (Table  1). All details of 
the sample, including the sample size for girls for each 
of the measures and variables, are presented in Fig. 1.

Fig. 1  Sample characteristics for each measure and variable, including sex-specific breakdown

Table 1  Anthropometric measurements of participants included 
in this study

Comparisons between boys and girls were adjusted for age, BMI and center. 
Data are expressed as mean ± standard deviation

BMI body mass index, WC waist circumference

Values in bold denote statistical significance at p 0.05

Variables Total Girls Boys p-value

Age (years) 5 ± 1 5 ± 1 5 ± 1 0.419

Height (cm) 110.3 ± 8.7 109.8 ± 8.6 110.9 ± 8.8 0.116

Weight (kg) 20.2 ± 4.7 20.2 ± 4.8 20.2 ± 4.6 0.683

BMI Z-Score 0.14 ± 1.27 0.15 ± 1.4 0.13 ± 1.14 0.518

WC (cm) 52.5 ± 7.7 52.9 ± 8.5 52.1 ± 6.8 0.344

Fat mass index 3.9 ± 1.3 4.1 ± 1.4 3.7 ± 1.1  < 0.001
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Physical Activity Reported by Device‑Based Measures
The participants wore the accelerometer for 
6.7 ± 0.6  days, with no difference by sex or age. Overall, 
67% of preschool children met the general PA recom-
mendations [2, 6, 7], with adherence varying across age 
groups: 50% in 3-year-olds, 60.5% in 4-year-olds, 74.3% 
in 5-year-olds, and 73% in 6-year-olds. The partici-
pants spent an average of 393.8 ± 65.2  min/day on total 
PA (girls: 385.8 ± 63.7  min/day vs boys: 402 ± 65.9  min/
day; p = 0.008). No differences in sedentary time were 
observed by sex, although boys spent more min/day 
engaged in moderate, vigorous and MVPA compared to 
girls (Table  2). Preschool children dedicated more time 
to light and moderate PA and less sedentary time during 
weekdays than on weekends, with no differences for vig-
orous PA and MVPA (Table 3).

Age displayed a direct correlation with sedentary 
time (rho = 0.081; p = 0.040) and MVPA (rho = 0.183; 
p < 0.001), while showing an inverse correlation with 
light PA (rho = -0.090; p = 0.023). Similarly, age exhib-
ited a direct correlation with sedentary time (rho = 0.086; 
p = 0.030) and MVPA (rho = 0.114; p = 0.004) during 
weekends, and conversely, an inverse relationship with 
light PA (rho = -0.133; p = 0.001). Additionally, on week-
days, there was a direct correlation with age and MVPA 
(rho = 0.181; p < 0.001). Additional details on the correla-
tions are provided (Additional file 1).

Regarding sex, older girls exhibited the highest dura-
tion of MVPA, with no correlation between sedentary 
time and light PA with age (Fig. 2). Furthermore, among 
boys, there was a direct correlation between sedentary 
time and MVPA with age, while an inverse correlation 
was observed for light PA (Fig. 2).

Considering age and sex, there was a notable direct 
correlation between age and MVPA for both boys 
and girls during weekdays (rho = 0.143; p = 0.011; 
rho = 0.265; p < 0.001, respectively), and for girls dur-
ing weekends (rho = 0.265; p < 0.001). However, on 
weekends, a direct correlation was observed between 
age and sedentary time in boys (rho = 0.129; p = 0.022), 
while an inverse correlation was noted regarding age 
and light PA in girls (rho = − 0.131; p = 0.020).

According to the regression models, age showed a 
significant relationship with sedentary time, whereas 
sex and the age-sex interaction were not significant fac-
tors. In the light PA model, sex was significantly asso-
ciated with the time spent in this activity, but age and 
the interaction were not significant. For moderate PA, 
sex had a significant relationship, while age and the 
interaction remained not significant. In the vigorous 
and MVPA models, both sex and age showed significant 
associations with activity time, though their interaction 
was not relevant (Table 4).

Table 2  Physical activity levels and sedentary time by sex

Comparisons between boys and girls were adjusted for age, BMI and center. Data are expressed as mean of min/day ± standard deviation

MVPA moderate-vigorous physical activity, PA physical activity

Values in bold denote statistical significance at p 0.05

Variables Total (n = 643) Girls (n = 327) Boys (n = 316) p-value

Sedentary time (min/day) 635.2 ± 124 631.7 ± 124.2 638.8 ± 124 0.419

Light PA (min/day) 321.6 ± 50.1 322.3 ± 50.4 320.9 ± 49.9 0.703

Moderate PA (min/day) 53.5 ± 18.5 47.9 ± 16.4 59.3 ± 18.8  < 0.001
Vigorous PA (min/day) 18.6 ± 11.2 15.6 ± 9.2 21.7 ± 12.2  < 0.001
MVPA (min/day) 72.1 ± 28.4 63.5 ± 24.3 81 ± 29.5  < 0.001

Table 3  Comparison of physical activity intensities and sedentary time between weekdays and weekends

Comparisons between boys and girls were adjusted for age, BMI and center. Data are expressed as mean of min/day ± standard deviation

PA physical activity, MVPA moderate-vigorous physical activity

Values in bold denote statistical significance at p 0.05

Variables Weekdays (n = 643) Weekend days (n = 643) p-value

Sedentary time (min/day) 625.1 ± 120.1 660.4 ± 164.7  < 0.001
Light PA (min/day) 327.7 ± 53.1 306.4 ± 62.8  < 0.001
Moderate PA (min/day) 53.9 ± 19.2 52.4 ± 21.8 0.016
Vigorous PA (min/day) 18.4 ± 11.5 19.1 ± 14.6 0.850

MVPA (min/day) 72.4 ± 29.1 71.5 ± 34.1 0.198
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Results Reported by Questionnaires
Active Lifestyle
Parent-reported questionnaires showed that children 
allocated 105 ± 56.2  min/week on motor skills activities 
and physical education at school, and 162.4 ± 113.9 min/
week on playtime at school. Children who engaged 
in non-continuous walks of at least 30  min daily had 
lower sedentary time compared to those who did not 
(632.9 ± 124  min/day vs. 667.2 ± 112  min/day; p = 0.023). 
Similarly, lower sedentary time was observed in children 
who participated in outdoor family activities at least 
once a week (630.3 ± 123.1 min/day vs. 655.2 ± 122.5 min/
day; p = 0.025). Children who played outdoors at least 
three days a week had higher levels of light PA com-
pared to those who played outdoors less frequently 
(323.5 ± 49.4 min/day vs. 311.2 ± 52.6 min/day; p = 0.015). 
Similarly, children who engaged in active play, such as 
running, had higher MVPA time compared to those who 
preferred sedentary activities like sitting, playing with 
toys, or coloring (74.1 ± 29.3 min/day vs. 66.1 ± 24.7 min/
day; p = 0.001).

Based on sex comparisons, boys dedicated more 
time to outdoor PA, both on school days and weekends 
(Table 5).

Practice of Extracurricular Sports
According to the questionnaires, 67.5% of children par-
ticipated in at least one extracurricular sport activ-
ity, with no significant differences between sexes (girls: 
65.6% vs. boys: 70.7%; p = 0.168) or in the time spent 
(girls: 141.6 ± 90.6  min/week vs. boys: 142.3 ± 83.7  min/
week; p = 0.555), and swimming emerged as the most 
commonly practiced sport. Girls chose dancing and 
gymnastics as the most preferred disciplines, whereas 
boys showed a diverse interest in sports including foot-
ball, martial arts, ball sports (basketball, volleyball, and 
handball) and racket sports. A higher duration of MVPA 
and reduced sedentary time was linked with extracur-
ricular aerobic activities, such as football, basketball, 
swimming, and athletics, compared to strength and flex-
ibility activities including dance, yoga, or martial arts 
(74.5 ± 27.7  min/day vs. 69.1 ± 29  min/day; p = 0.002; 

Fig. 2  Spearman’s correlations between age, sedentary time and time spent at different PA intensities, stratified by sex. (A Sedentary; B Light PA; C 
MVPA). MVPA: moderate-vigorous physical activity; PA: physical activity. Legend: Each point represents an individual, with girls indicated by green 
triangles and boys by orange diamonds; the shaded areas illustrate trends for each group; the large circles represent confidence ellipses, showing 
the distribution and dispersion of the data within each category; the rho and p values on each graph indicate the correlation and statistical 
significance within each group
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585.1 ± 147.6 min/day vs. 534.9 ± 248.6 min/day; p = 0.043, 
respectively) (Additional file 2).

Screen Time and Sleep
Based on questionnaire responses related to sedentary 
behaviors, preschoolers spent an average of 1.8 ± 1  h/
day on screen time. 42.1% of preschoolers complied with 
the recommendations for less than 1 h per day of screen 
time during weekdays, while only 9.5% met this recom-
mendation on weekends. There were no differences in the 
time spent on sedentary behavior and MVPA based on 
whether preschoolers met the screen time recommenda-
tions or not (Table 6).

In the assessment of sleep behaviors, 67.3% of pre-
schoolers met the sleep recommendations for this stage, 
having an average sleep duration of 10 ± 1  h/day. Only 
16.8% reported sleeping < 9  h/day. Furthermore, there 
were differences in sleep duration between weekdays and 
weekends (10 ± 0.8  h/day vs. 10.2 ± 1.2  h/day; p < 0.001, 
respectively). No differences in sleep duration were 
observed by sex.

There was a significant inverse correlation between 
screen time and sleep duration (r = − 0.126, p = 0.002), 
indicating that higher screen time was related to shorter 
sleep duration.

Discussion
This study provides device-based insights into the inten-
sity levels and duration of PA and sedentary lifestyle, and 
an approach to understanding lifestyle behaviors among 
Spanish preschool-aged children. The main findings 
reveal that 67% of the preschoolers met the international 
PA recommendations [2, 6, 7], accumulating an average 
of 72.1 min/day of MVPA and 393.8 min/day of total PA.

These results are consistent with recent data from a 
meta-analysis of 48 studies (using device-based meas-
ures), including 20,078 preschool-aged children, 
showing that 60% of children aged 3–5  years meet 
the international PA recommendations [17]. How-
ever, there is considerable variability in the prevalence 
estimates of preschool-aged children adhering to the 
international PA guidelines [2, 6, 7], with device-based 
studies assessing PA reporting different percentages. 
For example, in European children aged 2–10  years, 
including Spanish children, the reported percentage 
achieving 60  min of MVPA was around 20% [32]. In 
contrast, 84% of Canadian children aged 3–4 years were 
reported to meet the PA guidelines of 180 min of total 
PA daily [33], and U.S. preschool-aged children were 
found to engage in an average of 361 min of PA per day 
[34]. The discrepancy in these findings may be attrib-
uted to the different accelerometry protocols used to 
assess PA. In fact, studies using device-based measures 
with preschool-aged children (none of which included 
Spanish children) consistently report high levels of 
sedentary time and low levels of PA, with compliance 

Table 4  β standardized coefficients and p-values of regression 
models for sedentary time and physical activity time at different 
intensities

PA physical activity, MVPA moderate-vigorous physical activity

Values in bold denote statistical significance at p 0.05

Variables β standardized 
coefficient

p-value

Model 1. Sedentary time (min/day)

Sex 0.180 0.340

Age 0.111 0.047
Sex-age interaction 0.221 0.253

Model 2. Light PA time (min/day)

Sex 0.271 0.013
Age 0.145 0.083

Sex-age interaction 0.302 0.008
Model 3. Moderate PA time (min/day)

Sex 0.573 0.001
Age 0.077 0.144

Sex-age interaction 0.273 0.136

Model 4. Vigorous PA time (min/day)

Sex 0.406 0.022
Age 0.191  < 0.001
Sex-age interaction 0.134 0.462

Model 5. MVPA time (min/day)

Sex 0.535 0.003
Age 0.126 0.016
Sex-age interaction 0.231 0.203

Table 5  Weekly total time of engagement in physical activities for active lifestyle assessment compared by sex assessment by 
questionnaires

Comparisons between boys and girls were adjusted for age, BMI and center. Data are expressed as means of min/day ± standard deviation

Values in bold denote statistical significance at p 0.05

Variables Total Girls Boys p-value

Walking to school (min/day) 10 ± 10.9 10 ± 8.2 10 ± 13.2 0.709

Playing outdoor on school days (min/day) 98.5 ± 66.6 91.8 ± 64.8 105.6 ± 67.8 0.003
Playing outdoor on weekend (min/day) 199.3 ± 120.8 184.5 ± 113.8 214.4 ± 126 0.009
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to the recommended PA guidelines often below 20% 
[35–41]. The lack of international consensus on accel-
erometer cut-off points for different age ranges during 
childhood is a significant limitation in PA research, 
leading to substantial variability in the estimation of 
prevalence of children adhering to recommendations 
[17, 42].

Several studies have reported low levels of compliance 
with guidelines for MVPA [32, 35, 37, 43], although these 
studies did not include device-based measurements [43]. 
Furthermore, in the present study, higher light PA prac-
tice was observed compared with other studies compiled 
in a systematic review [44]. Moreover, some authors have 
noted that collecting data during the winter season may 
be a limitation to consider [35, 37]. However, in our study, 
data were primarily collected during the school year, con-
sidering time spent both indoors and outdoors. These 
environmental factors may play a role in the engagement 
of PA and sedentary behavior patterns [45, 46] and may 
contribute to the variations in preschoolers’ PA levels 
across different countries [47]. While seasonal variations 
can influence PA levels in other regions [48], there is a 
lack of data regarding the variation in PA according to 
climate in preschool children in Spain. This gap in the lit-
erature suggests the need for future research to explore 
how climate-related factors may affect preschoolers’ PA 
patterns in this specific context.

Sex differences were also observed in both duration 
and intensity levels of PA. Preschool boys spent more 
time engaged in moderate, vigorous, and MVPA com-
pared to girls, as has been previously reported in this 
stage of life [34, 49–54].

In terms of sedentary time and PA time during week-
days and weekends, our sample exhibited greater sed-
entary time on weekends and higher levels of light and 
moderate PA during weekdays. These findings align with 
those reported in other studies involving preschool chil-
dren [55], probably due to structured PA-related behav-
iors on weekdays [56].

The questionnaires are a useful complementary tool to 
evaluate the active lifestyle and to obtain specific infor-
mation about the diversity of extracurricular sports and 
activities associated to the time and intensity for PA in 
these children [12]. In the present study, about 60% of 
the participants engaged in extracurricular sports activi-
ties similar as the results reported in another Spanish 
study [43]. Boys were more involved than girls in sports 
that may potentially yield higher levels of MVPA, such 
as football and ball sports (basketball, volleyball, and 
handball), as observed in previous research [57, 58]. It 
has been reported that girls tend to participate less in 
organized sports, receive less social support for engaging 
in PA, and perceive less enjoyment in physical education 
[59]. Moreover, the family’s influence on participation in 

Table 6  Percentages of daily screen time stratified by sedentary time, MVPA and sex reported by questionnaires

Comparisons between boys and girls were adjusted for age, BMI and center. Data are expressed as percentage or mean of min/day ± standard deviation; p-value: 
comparison between sexes. p-value*: comparison between time less or more than 1 h/day

MVPA moderate-vigorous physical activity

Values in bold denote statistical significance at p 0.05

Variables Total Girls Boys p-value

Screen time in weekdays (%)

Less than 1 h/day 42.1 43.9 40.1 0.296

More than 1 h/day 57.9 56.1 59.9 0.794

p-value*  < 0.001 0.029 0.001
Screen time in weekends (%)

Less than 1 h/day 9.5 11.1 7.8 0.121

More than 1 h/day 90.5 88.9 92.2 0.867

p-value*  < 0.001  < 0.001  < 0.001
Sedentary and MVPA according to the screen 
time cut-offs

Sedentary time (min/day)

Less than 1 h/day 641.2 ± 120.8 644.6 ± 122.6 637.3 ± 119 0.621

More than 1 h/day 631 ± 126.5 621.3 ± 125.3 640.9 ± 127.2 0.140

p-value* 0.317 0.095 0.800

MVPA time (min/day)

Less than 1 h/day 69.8 ± 29.3 62 ± 25.7 78.7 ± 30.7  < 0.001
More than 1 h/day 74.2 ± 27.3 65.4 ± 22.4 82.7 ± 29  < 0.001
p-value* 0.058 0.213 0.250



Page 10 of 14Jurado‑Castro et al. Sports Medicine - Open           (2025) 11:71 

PA may differ based on sex. Boys may receive more sup-
port and encouragement to engage in physical activities 
compared to girls, potentially influencing their activ-
ity levels [60]. Moreover, during school breaks or after-
school programs, boys tend to use this time to engage in 
active playtime and sports, while girls often participate 
in sedentary activities focused on social interactions [43, 
61–64].

Older children, even within the preschool age group, 
exhibit a distinct pattern of PA compared to their 
younger peers. Girls consistently exhibit higher intensity 
PA, encompassing both moderate and vigorous activi-
ties, while maintaining relatively stable levels of seden-
tary behavior and light PA. In contrast, boys show no 
significant age-related changes in moderate PA but tend 
to spend more time in sedentary activities and vigorous 
PA. Interestingly, the collective analysis of MVPA reveals 
a direct correlation with age for both sexes, primarily 
influenced by an escalation in vigorous PA among boys. 
These low, but statistically significant correlations, might 
show a trend of association between these variables, pro-
viding insights to guide future research directions within 
this cohort. Therefore, these nuanced sex-specific differ-
ences in PA patterns across age groups highlight the need 
for targeted interventions aimed to promoting PA in 
both boys and girls [65]. Consistent with the findings of 
other researchers, who identify a decline in PA from the 
age of seven in both sexes [66], further research explor-
ing socio-cultural and environmental factors shaping sex-
specific PA trends during early childhood can provide 
valuable insights. To effectively promote interventions 
and strategies to increase PA in preschool children, it is 
important to consider sex differences [49], ensure vari-
ability in sports offerings [67], and account for children’s 
desire for physical challenges [68].

Cultural perspectives play a significant role in shaping 
PA patterns in preschool children. They influence atti-
tudes, beliefs, and practices surrounding PA, and there-
fore impact children’s engagement [69]. In Spain, the 
cultural influences described in the literature appear to 
have a less pronounced impact on preschoolers’ PA pat-
terns compared to other countries. Spain’s cultural con-
text promotes a balanced approach to child development, 
with PA and outdoor play widely encouraged for both 
boys and girls [70]. The Mediterranean lifestyle, coupled 
with favorable weather conditions, contribute to consist-
ent engagement in physical activities. Additionally, Span-
ish society tends to minimize gender-based restrictions 
on PA, promoting an equitable participation [71]. These 
factors may explain why a high percentage of Spanish 
preschoolers in our study met international PA recom-
mendations, suggesting that cultural barriers observed in 
other settings are less influential in Spain.

Regarding sedentary behavior, the WHO [7] propose 
that in children aged 2 to 5, more than an hour on non-
educational activities specially in screen time per day can 
be considered as excessive. In our study, half of the chil-
dren met the recommendations, with only 13% adhering 
to them on weekends. A recent meta-analysis [72] indi-
cated that only one-third of the children aged 2–5 years 
complies with these recommendations for screen time. 
Moreover, studies have observed that boys spend more 
time watching television than girls, both on school days 
and weekends [73, 74] and are more likely to play physi-
cally active games, as well as computer games, com-
pared to girls [75]. As children grow, screen time tends 
to increase [76, 77], often influenced by parental behavior 
[78–80].

Data reported from the questionnaires showed that 
children in the present study slept an average of 10 h per 
day, in line with the international guidelines (10–13  h/
day of sleep [8]. However, it is noteworthy that approxi-
mately one-third of the children did not meet these sleep 
recommendations, as previously reported [81, 82]. Based 
on the results of this study and previous research [81], 
increased screen time on portable electronic devices has 
been linked to reduced daily sleep duration.

The present study provides device-based data on PA 
and sedentary time, along with a systematic assessment 
of lifestyle patterns in preschool children in Spain, using 
a large sample size. Moreover, this cohort study was con-
ducted across different geographical areas in Spain, try-
ing to diversify the sample. However, some limitations 
must be acknowledged. The cut-off points used, based 
on those established by Butte et al. [29], for preschoolers, 
were chosen because their protocol has been specifically 
validated for this age group, is widely used in the litera-
ture, and is included by default in the ActiLife software. 
Additionally, it is based on the magnitude vector, which 
provides a more comprehensive assessment of movement 
intensity. However, these cut-off points could influence 
the results if compared with those from other accelerom-
etry protocols. Some children did not comply with the 
accelerometry protocol, being this percentage relatively 
low (10.2%). Furthermore, the absence of seasonal data 
and the lack of qualitative insights into children’s and 
families’ perceptions and attitudes toward PA may limit 
a comprehensive understanding of the observed pat-
terns. Additionally, data derived from self-administered 
questionnaires should be interpreted with caution due 
to their inherently lower reliability. The use of an ad hoc 
questionnaire for assessing screen time and sleep pat-
terns could limit comparability with findings from stud-
ies employing other available and standardized tools. 
Moreover, although the study includes data on screen 
and sleep time, the measurement methods used were not 
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sufficiently rigorous to accurately assess potential associ-
ations between screen use and sleep duration. As a result, 
any conclusions regarding the impact of screen time on 
sleep should be considered speculative. Future studies 
with more precise and standardized measurement meth-
ods for both screen use and sleep are needed to further 
explore this relationship. Furthermore, the cross-sec-
tional design limits the ability to examine longitudinal 
changes in PA patterns as children grow. Future longitu-
dinal studies would be valuable to better understand how 
PA practice evolves over time in preschool-aged children 
and explore potential developmental trends across differ-
ent age groups.

Conclusions
A significant proportion of Spanish preschoolers meet 
the international PA recommendations, with variations 
influenced by sex, age, and days of the week, aligning with 
global trends at this stage of life. Future efforts should 
focus on maintaining adequate PA levels and improving 
adherence. The implementation of sex-specific strategies 
that consider sport preferences could be particularly ben-
eficial for girls, promoting a more inclusive and effective 
encouragement of active lifestyles from an early age.
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