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Abstract
Background  The development of child’s lifestyle occurs within regular 24-hour movement patterns under the 
guidance of parents. Accelerometer-based monitoring allows for the capture of these 24-hour movement patterns 
of behaviour. Therefore, the aim of this study was to reveal whether active participation in organised physical activity 
(OPA) contributed to the achievement of the World Health Organization’s (WHO) 24-hour movement behaviour 
guidelines (24-hMBGS) among 3–10-year-old children, considering the influence of parents’ movement behaviour and 
families’ material background.

Methods  The 24-hour movement behaviour (24-hMB) of 348 child-parent pairs (with at least one parent) was 
continuously monitored for 7 days via ActiGraph accelerometers placed on the non-dominant wrist. Children’s 
adherence to the WHO’s 24-hMBGS was analysed using logistic regression analysis. The socioeconomic status (SES) 
of families was measured using the Family Affluence Scale. Body mass level was determined according to body mass 
index gender- and age-specific WHO reference data. Univariate analysis of variance/Pearson’s chi-square test was 
used to test differences in sedentary behaviour duration/excess body weight between active participants and non-
participants in OPA.

Results  Active 3–10-year-old participants in OPA, compared to non-participants, were significantly more likely to 
meet at least two of the 24-hMBGS (77.7% vs. 66.4%, p = 0.008), had significantly shorter daily sedentary time (by 
30 min per day, p = 0.001), and a significantly lower prevalence of excessive body weight (10.26% vs. 24.87% p < 0.001). 
Engaging in OPA significantly (p < 0.01) helped 3–10-year-old children achieve at least two of the 24-hMBGS, 
regardless of their gender, age, excess body weight, or family SES. In addition, a mother’s non-excessive body weight 
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Introduction
Human behaviour unfolds in a 24-hour rhythm, with the 
repetition of the main components of movement behav-
iour - sleep, sedentary behaviour (SB), and physical activ-
ity (PA). Adherence to the recommended combination 
of these components is associated with desirable health 
benefits in children and young people [1]. Shaping the 
composition of children’s movement behaviour and life-
style takes place primarily under the guidance of par-
ents, who are considered the guardians of their children’s 
health-related movement behaviour [2]. This includes 
providing emotional support, modelling PA, promoting 
shared PA, setting rules to limit SB and screen time (ST), 
establishing consistent bedtime routines, and maintain-
ing device-free bedrooms [2–4].

Although PA represents the shortest of the 24-hour 
movement behaviour (24-hMB) components, it appears 
that increasing PA to at least brisk walking intensity, with 
the inclusion of high-intensity exercise, has the strongest 
positive association with metabolic health in children 
than simply reducing SB [5]. Children aged 7–10 years 
who regularly participate in OPA team sports - soccer 
and handball) are significantly more likely to meet the 
recommendations for moderate to vigorous PA (MVPA) 
than their peers who do not participate in OPA [6]. In 
addition, regular (twice per week for 45  min) and long-
term (≥ 30 months) participation in organised sports 
(soccer and swimming) by 3–5-year-old children results 
in significant improvements in gross motor develop-
ment, fundamental and specific physical and sport skills 
[7]. Moreover, 6-year-olds and older children who par-
ticipate in regular organised sports are more likely to be 
confident and demonstrate higher degrees of assertive-
ness, as well as higher degrees of academic and social 
competence than children who do not participate in any 
OPA [8]. For preschool children, however, the potential 
impact of OPA on child health indicators and adher-
ence to the 24-hMBGS remains understudied. This is 
despite the fact that early childhood has been identified 
as a critical period for instilling and developing healthy 
behaviours, such as being physically active [9, 10]. Active 
participation of young children in OPA positively influ-
ences social skills, pro-social behaviours, and self-regu-
lation [9]. Additionally, adherence to at least two of the 
three 24-hMBGS is positively associated with improved 

mental health, as well as overall and physical develop-
ment in pre-schoolers [10, 11]. However, the results are 
still inconsistent and inconclusive, and further research 
with stronger methodological design and rigor is needed 
[1, 9, 10, 12].

The FAMIly Physical Activity, Sedentary behaviour and 
Sleep (FAMIPASS) study [13] was initiated as a scientific 
response to the alarmingly increasing prevalence of obe-
sity and the decreasing prevalence of completing 60 min 
of MVPA per day in 11–15-year-old Czech adolescents, 
especially in younger age groups (11 years) and among 
adolescents with low socioeconomic status (SES) [14, 15]. 
The FAMIPASS study is a nationally representative lon-
gitudinal study investigating parent-child relationships 
in accelerometer measured 24-hMB and lifestyle related 
indicators (such as body weight levels, leisure-time activ-
ity, diet/bedtime/ST rules and routines), considering the 
SES background of families with preschool children. Pre-
vious FAMIPASS studies have indicated the significant 
role of maternal PA/sleep behaviour in the adherence 
of their 3–10-year-old offspring to PA/sleep guidelines 
[16, 17], the absence of ST devices in the bedroom, and 
reduced sedentary behaviour to achieve sleep recom-
mendations [17]. In addition, significant associations 
have been found between MVPA and total PA in parent-
child pairs across all gender combinations [16]. More-
over, it has been found that 3–10-year-old overweight 
children exhibited significantly lower PA and higher 
SB than their non-overweight peers [18]. However, no 
significant differences were found in the prevalence of 
excess body weight in children with respect to children’s 
age, gender, family SES or maternal and paternal obesity 
[18]. A rigorous analysis of 3–10-year-old Czech chil-
dren’s adherence to 24-hMBGS, including the factor of 
active participation in OPA, is still lacking. Therefore, 
the main aim of this study was to reveal whether active 
participation in OPA helps 3–10-year-old children meet 
the WHO’s 24-hMBGS, and whether this achievement is 
moderated by parental movement behaviour and fami-
lies’ material background.

Methods
Design and setting
The FAMIPASS study is a nationally representative lon-
gitudinal study investigating parent-child relationships 

and achievement of at least two of the WHO’s 24-hMBGS significantly (p < 0.05) contributed to children attaining at 
least two of the WHO’s 24-hMBGS.

Conclusions  Even in young children, active participation in OPA tend to contribute to a healthier lifestyle profile, 
characterised by shorter sedentary behaviour and lower excess body weight, with a significant influence from the 
mother’s movement behaviour.

Keywords  Organised physical activity, 24-hour movement behaviour, Mother, Father, Accelerometer
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in accelerometer measured 24-hMB and lifestyle related 
indicators to find and describe healthy patterns of behav-
iour to prevent the onset/development of excess body 
weight in young children [13, 16, 18]. Participating fami-
lies were recruited through stratified sampling of kinder-
gartens and primary schools from rural and urban areas 
of Bohemia, Moravia and Silesia [13]. Data collection 
took place between March 2022 and May 2023 during 
regular kindergarten/school terms, excluding multi-day 
holidays and public holidays. Inclusion criteria for fami-
lies in the longitudinal study were: (a) having at least 
one child aged 3–10 years, (b) absence of illness/limita-
tions not allowing them to follow the daily kindergarten/
school and family-related routine, and (c) willingness 
to participate voluntarily in the study [13]. The present 
study elaborates and presents the results of the first wave 
of FAMIPASS data collection (a one-time cross-sectional 
study).

Participants
Of the 860 (100%) families contacted, 552 (64.2%) pro-
vided written informed consent to participate in the 
study and 502 (58.4%) of them began continuous seven-
day 24-hMB monitoring. A total of 472 (54.9%) families 
completed full seven-day monitoring, and 348 (40.5%) 
families (including at least one parent-child pair) with 
valid data on 24-hMB, OPA participation, and family 
background were included in the final data set for sta-
tistical analyses. Reasons for excluding 124 parent-child 
pairs from the final data set were as follows: insufficient 
valid accelerometer data-defined as fewer than three 
valid school days and one weekend day (n = 65); miss-
ing anthropometric measures, parental education level, 
or family background information necessary to deter-
mine the SES of families (n = 26); and missing OPA data 
(n = 33). The final dataset contained valid and complete 
data on 24-hMB, OPA participation, and anthropometric 

and sociodemographic characteristics of 348 children 
(50.3% girls) and their parents (Table 1).

Measurement of 24-hMB and lifestyle indicators
24-hMB monitoring was performed using ActiGraph 
accelerometers (wGT3X-BT for children and GT9X Link 
for parents; ActiGraph LLC, Pensacola, FL, USA) placed 
on the wrist of the non-dominant hand in both parents 
and children. During a joint informational meeting at 
the kindergarten/school, the researchers instructed par-
ents on how to attach the accelerometers to their wrists 
and record time for themselves and their children in a 
family diary several times a day. The diary, designed in a 
spreadsheet format, allowed parents to easily record daily 
activities such as wake-up time, arrival at kindergarten/
school, physical education classes, leaving kindergarten/
school, OPA units (practices, coach/leader-led lessons), 
and bedtime. The 24-MB monitoring began at midnight 
on the day of the parent-researcher meeting.

Parental and child accelerometers were individually 
initialised using ActiLife software version 6.13.4 (Acti-
Graph LLC, Pensacola, FL, USA) for each family member 
separately based on the information provided in the writ-
ten informed consent. Accelerometers recorded triaxial 
acceleration data at a sampling rate of 100 Hz. All accel-
erometer data sets were analysed using the R GGIR ver-
sion 2.7-1 package and previously established cut-offs for 
participants’ 24-hMB intensity levels. Specifically, SB was 
defined as acceleration values less than 36 milligravity 
units (mg); light PA as 36–200 mg; MVPA as 201–706 mg; 
and vigorous PA as values equal to or greater than 707 
mg [19, 20]. The default settings for non-wear time detec-
tion in Part 1 of the R package GGIR were used. Specifi-
cally, the algorithm requires that the standard deviation 
of a rolling signal window be close to the sensor’s noise 
level. When this condition is met, GGIR labels the mid-
dle 15 min of that 60‐minute window as non‐wear [19]. 

Table 1  Basic characteristics of participating girls and boys, their parents, and the socioeconomic status of their families
Characteristics
Participants in organised PA

GIRLS (n = 175)
(n = 73; 41.71%)

BOYS (n = 173)
(n = 84; 48.55%)

*Age (months, M ± SD) 77.07 ± 20.23 78.03 ± 19.40
*Height (cm, M ± SD) 120.02 ± 12.34 120.74 ± 11.57
*Weight (kg, M ± SD) 23.15 ± 6.71 23.26 ± 5.90
Body Mass Index (kg·m⁻², M ± SD) 15.84 ± 2.62 15.78 ± 2.25
Excess body weight 17.24% 19.30%
#Socioeconomic status
  Low 13.6% 12.0%
  Middle 66.3% 70.7%
  High 20.1% 17.3%
*Mother/father age (years, M ± SD) 36.85 ± 4.47/40.23 ± 5.63 36.88 ± 4.70/39.32 ± 4.96
*Maternal/paternal university education 55.83%/42.28% 59.01%/38.58%
*Maternal/paternal obesity 11.18%/14.71% 9.28%/12.41%
Note: n– number; PA– physical activity; cm– centimetre; kg– kilogram; m– metre; M– mean; SD– standard deviation; *obtained directly from the responses in the 
family diary; #obtained from calculations based on the Family Affluence Scale-III items
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Sleep time, defined as the time from lying in bed to wak-
ing, was determined using the default setting of a heuris-
tic algorithm analysing the distribution of angle changes 
[20]. As a condition for including accelerometer data in 
the final dataset, at least three kindergarten/school days 
and one weekend day had to be observed for at least 
16 h per day, and accelerometer data had to be available 
for each 15-min interval of the 24-h cycle [20]. Aver-
age daily sleep time, SB, light PA, MVPA, vigorous PA, 
and total PA were calculated as the weighted arithmetic 
mean of these activities performed during the kindergar-
ten/school and weekend days (weighted mean=[(average 
day×5)+(average weekend×2)]/7).

Measuring anthropometric characteristics, determining 
families’ socioeconomic status and assessing children’s 
leisure screen time
The family diary contained graphic instructions with 
written descriptions for measuring participants’ height 
and weight at home. Height and weight measurements 
were taken in the morning, after waking up, in their 
underwear, and before breakfast. Parents measured 
height and weight to the nearest 0.5  cm/0.1  kg, respec-
tively [21]. Parental measurement of children’s height 
and weight at home has been confirmed to be sufficiently 
valid for the calculation of body mass index (BMI) and 
subsequent identification of overweight and obesity in 
4-10-year-old children [22, 23].

An estimate of family SES was provided by the Family 
Affluence Scale-III (FAS), which was part of the family 
diary. The FAS comprised several simple-to-answer ques-
tions created to quantify material assets in the families 
with children [24]. The content of the six FAS questions 
and their answer options were as follows: having one’s 
own bedroom for each child in the family (0 or 1); num-
ber of computers in the household (0, 1, 2 and ≥ 3); num-
ber of cars owned for family use (0, 1 and ≥ 2); number 
of foreign holidays taken in the past year (0, 1, 2 and ≥ 3); 
ownership of a dishwasher (0 or 1); number of bathrooms 
in the household (0, 1, 2 and ≥ 3). The sum of all six ques-
tions produced a summary score from which three cat-
egories of family SES were calculated as follows: the 
lowest/highest 20% of the summary score characterised 
low/high SES families, while the range of 21–79% char-
acterised medium SES families [16]. FAS summary score 
correlated with parent reported income with Eta-squared 
close to 0.30. The pooled test-retest reliability correla-
tion was r = 0.90 [16]. In the socioeconomic conditions 
of Czechia, the FAS was validated in relation to the dis-
posable household income (Pearson correlation r = 0.77 
p < 0.001 [25].

The family diary included the following two questions 
on children’s leisure ST, which were answered by parents: 
‘How many hours a day do you usually spend in your 

leisure time on weekdays/weekends watching TV, DVDs, 
videos (including YouTube or similar online services)?’ 
and ‘How many hours a day do you usually spend in your 
leisure time on weekdays/weekends playing games on a 
computer, games console (PlayStation, Xbox etc.), smart-
phone, tablet or similar electronic device?’ Questions 
were categorised by weekdays and weekends. There were 
nine different answers for each question (none, half an 
hour, 1, 2, 3, 4, 5, 6 and 7 or more hours per day). Reli-
ability and validity of the 7-day recall questions were 
demonstrated in comparison with the 7-day 24-hour 
diaries for weekdays and weekends [26]. Total ST was 
calculated as the sum of the weighted arithmetic means 
of weekday and weekend ST (weighted mean=[(average 
weekday×5)+(average weekend×2)]/7).

Classification of participants according to 24-hMBGS
Preschool children aged 3–4 years with a total PA of at 
least 180 min/day, MVPA of at least 60 min/day, ST lim-
ited to a maximum of 1 h/day, and a daily sleep duration 
of 10–13 h were assessed as meeting the 24-hMBGS [27]. 
Children aged ≥ 5 years who cumulatively performed 
60 min of MVPA per day, had no more than 2 h/day of 
ST, and slept 9–11  h/day were classified as meeting the 
24-hMBGS [28, 29]. Adult parents aged 18–64 years 
whose SB did not exceed 8  h/day, who performed at 
least 150 min/week of MVPA and slept 7–9 h/day were 
assessed as meeting the 24-hMBGS [30].

Ethics
This study is part of a longitudinal project whose baseline 
data collection, methodology and the follow-up research 
phase were approved by the institutional Ethics Com-
mittee for Research of the Faculty of Physical Culture, 
Palacký University Olomouc (baseline: protocol code 
25/2021 on 28 February 2021 and follow-up: protocol 
code 102/2023 on 10 November 2023). The consent/per-
mission protocols of the Ethics Committee included the 
conditions of the research implementation - anonymous 
written informed consent for parents and their minor 
offspring and data protection rules. The accelerometers 
used were disinfected and sealed in an anonymous enve-
lope with a family code along with a family diary before 
the research. Participation in the research was volun-
tary and free of charge. No participant was penalised in 
any way for interrupting or not completing the research, 
not returning the family diary, or damaging or losing the 
accelerometer. Participating families received individual-
ised feedback on the results of their own 24-hMB in the 
form of printed colour graphic sheets with explanatory 
comments. Schools received a thank-you letter and a cer-
tificate of participation in the FAMIPASS study.
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Data management and statistical analysis
After applying the inclusion criteria, all data processing 
and statistical analyses were performed in the Statistical 
Package for the Social Sciences for Windows V.26 soft-
ware environment (IBM Corp, Armonk, NY, USA). In the 
final dataset, all accelerometer-based (PA, SB and sleep) 
and family diary-based (anthropometric characteristics, 
ST, SES, OPA) variables were checked for the presence 
of apparent confounders and outliers. Participants’ BMI 
was calculated as the ratio of body weight (kg) to the 
square of body height (m2). Subsequently, BMI z-scores 
were calculated for children based on gender- and age-
specific WHO reference data [31]. Excess body weight in 
children was represented by BMI z-scores > 1 standard 
deviation (SD) [31–33], whereas in adults, it was defined 
as a BMI ≥ 25  kg/m2 [34]. Basic descriptive character-
istics for anthropometric, parental, and family-related 
variables of girls and boys are presented as arithmetic 
means and SDs or percentages (%) (Table  1). The Pear-
son Chi-square test (χ2) was used to test differences in 
the percentage of excess body weight, participation in 
OPA, or SES between girls and boys. The Kolmogorov-
Smirnov test confirmed the normal distribution of the 
variables: time spent in SB, total PA, MVPA, light PA 
and sleep. Daily duration of 24-hMB patterns (i.e., sleep, 

SB, total PA, MVPA, light PA) is presented as arithmetic 
means (Fig. 1). Differences in 24-hMB patterns between 
groups of children with active participation in OPA and 
non-participants in OPA were tested by Univariate analy-
sis of variance. Adherence to 24-hMBGS is presented as 
percentages separately for active participants in OPA and 
non-OPA (Fig. 2). Associations between child and parent 
characteristics and children’s adherence to at least two 
of the three 24-hMBGS were revealed through logistic 
regression analysis in the mother-child and father-child 
models (Table 2). In the regression analyses, one parent 
was represented multiple times in families with multiple 
children in the household that participated in the study 
(20.6% of the final participating families had more than 
one child included in the analyses). Results of logistic 
regression analyses were expressed using odds ratios 
(ORs) and 95% confidence intervals (95% CIs). The alpha 
significance level was set at a minimum of 0.05.

Results
No statistically significant differences were found 
between girls and boys regarding excess body weight 
(χ2 = 0.017, p = 0.897), gender-related participation in 
OPA (χ2 = 1.644, p = 0.200), or family SES (χ2 = 1.977, 
p = 0.372); therefore, subsequent statistical analyses 

Fig. 1  Comparison of 24-hour movement behaviour patterns between non-participants and active participants in organised physical activity units (PA– 
physical activity; MVPA– moderate-to-vigorous physical activity)
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between active participants and non-participants in OPA 
could have been performed cumulatively for both girls 
and boys, as well as across different SES categories of 
families (Table 1).

In summary, girls and boys with active OPA partici-
pation showed, on average, 24 min per day significantly 

(F = 11.27, p = 0.001) higher total PA and 30 min per day 
significantly (F = 14.03, p < 0.001) lower SB than children 
without OPA participation. The difference of 24  min in 
total PA between active participants in OPA and non-
participants in OPA was due to a significant difference in 
MVPA (17 min, F = 21.53, p < 0.001) and a non-significant 

Table 2  Association of family-related variables to children’s chances of achieving any combination of at least two or more WHO 
guidelines for 24-hour movement behaviour
Family-related variables Achieving any combination of at least two or more WHO guidelines for 24-hour move-

ment behaviour

mother-child model
(268 mother-child pairs)

father-child model
(207 father-child pairs)

OR 95% CI OR 95% CI
Child
Gender boy Ref. Ref.

girl 0.933 0.517–1.681 0.998 0.514–1.939
Age category 3-5.9 years Ref. Ref.

6–10 years 0.585 0.307–1.116 0.608 0.296–1.247
Excessive body weight no Ref. Ref.

yes 2.091 0.851–5.138 1.033 0.408–2.615
Organised PA no Ref. Ref.

yes 2.967** 1.542–5.707 2.816** 1.385–5.727
Parent
University education no Ref. Ref.

yes 1.302 0.717–2.361 0.691 0.346–1.379
Socioeconomic status low Ref. Ref.

middle 0.400 0.147–1.085 0.881 0.283–2.737
high 0.888 0.261–3.021 1.524 0.397–5.854

Excessive body weight no Ref. Ref.
yes 0.505* 0.266–0.958 0.541 0.263–1.112

Achieving ≥ 2 of the no Ref. Ref.
WHO’s 24-hMBG yes 2.525** 1.307–4.878 1.291 0.662–2.519
Note: PA– physical activity; OR– odds ratio; CI– confidence interval; Ref.– reference group; */**significant at the 0.05/0.01 p-level

Fig. 2  Adherence to 24-hour movement behaviour guidelines (sleep, sedentary behaviour, and physical activity) by non-participants and active partici-
pants in organised physical activity units (*/** significant at the 0.05/<0.01 p-level (Pearson's chi-square test)
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difference of 8 min in light PA (Fig. 1). In addition, chil-
dren with active participation in OPA also showed, on 
average, almost 6  min less ST (117.11 vs. 122.82  min 
per day) than children without participation in OPA. 
The average duration of OPA for active participants was 
87.64  min (79.31  min in preschool children aged 3-5.9 
years and 89.78  min in children aged 6–10 years) per 
monitored week, implemented in two sessions. Children 
with active participation in OPA had a significantly lower 
prevalence of excess body weight than children with-
out participation in OPA (10.26% vs. 24.87% χ2 = 12.23, 
p < 0.001).

Day-to-day differences in the duration of each compo-
nent of 24-hMB were associated with adherence to the 
24-hMBGS. Non-participants in OPA were significantly 
more likely to comply with none of the guidelines or only 
one recommendation in isolation, compared to active 
participants in OPA (Fig.  2). Conversely, active partici-
pants in OPA were significantly (p = 0.008) more likely to 
meet any two and all three 24-hMBGS than non-partici-
pants in OPA (79.7% vs. 66.4%) (Fig. 2).

For child-related variables, only active participation in 
OPA was significantly related to the likelihood of meet-
ing the 24-hMBGS. Children with active participation in 
OPA had significantly higher odds of meeting at least two 
of the 24-hMBGS than children without participation 
in OPA, regardless of gender, age (3-5.9 vs. 6–10 years), 
and body weight level (Table 2). Mothers had a stronger 
influence than fathers on their children’s adherence to 
the 24-hMBGS. A mother’s non-excessive body weight 
and her own attainment of at least two of the three 
24-hMBGS significantly helped children meet at least 
two of the 24-hMBGS, regardless of parental educational 
level or SES (Table 2).

Discussion
Previous FAMIPASS-related studies have presented the 
research methodology [13], parent-child sleep patterns 
and adherence to sleep-only recommendations [17], and 
the parent-child relationship in total PA and MVPA [16]. 
However, the factors of children’s participation in OPA 
and their adherence to 24-hMBGS remained unresolved. 
Despite this, more than 40% of girls (41.7%) and nearly 
half of all boys (48.6%) participated in at least two OPA 
sessions per week during the study.

Thus, monitored Czech 3–10-year-olds adhered to all 
three 24-hMBGS at higher rates compared to the results 
of large systematic reviews and meta-analyses, which 
found compliance rates of 11.3% in 3–5-year-old pre-
schoolers, 10.3% in 6–12-year-old schoolchildren [35], 
and 14.4%/11.9% in 3–5-year-old pre-schoolers from 
high-income/upper-middle-income countries [36]. In 
contrast to our findings, more recent studies using accel-
erometers to monitor PA and sleep, and determining ST 

by parental proxy report, also revealed lower adherence 
rates to the 24-hMBGS (11.3% [37]; 7% [38–40]; 2.9% 
[41]).

The higher rates of adherence to the 24-hMBGS among 
Czech children, compared to data from other studies, 
may be explained by the spring and autumn monitoring 
periods, which featured favourable weather conditions 
that allowed for outdoor leisure time. Another factor that 
contributed to the higher adherence of Czech preschool 
children to 24-hMBGS compared to their foreign peers 
can be attributed to the compulsory daily kindergarten 
program, which included supportive elements to routine 
PA (e.g., daily outdoor walks, active games both outside 
and inside), interruptions to long-term SB (e.g., group 
meal preparation, dressing), and adherence to afternoon 
sleep. In the first and second year of primary school, the 
curriculum includes regular physical education classes 
(twice a week), active time during breaks and an after-
noon free club with the possibility of implementing PA 
of the teacher’s choice. Completion of daily lessons in 
the preschool/school was the criterion for inclusion of 
the child in the final sample in this study [18]. A simi-
lar adherence rate of 23.6% to the three 24-hMBGS was 
found in a study of Finnish 3–6-year-old pre-schoolers 
who also attended daytime early education [42]. A very 
high adherence rate of 43% to all three 24-hMBGS was 
found in a Canadian study of 3–5-year-old children [11], 
but in a relatively small sample of participants (n = 95) 
who were also recruited from a sports-based program. 
Similar to the Canadian children, it was found that Czech 
children with active participation in OPA most often met 
a combination of at least two of the three 24-hMBGS.

Surprisingly, active participation in OPA was the only 
one of the observed child-related variables (gender, 
age category, body weight level, OPA) that significantly 
increased the odds of children meeting any combina-
tion of at least two of the 24-hMBGS in both the mother-
child and father-child regression models. Although OPA 
occupied only a small proportion of the minimum 4-day 
24-hMB monitoring (2.75% in pre-schoolers aged 3–6 
years; 3.11% in school-aged children), it appears that 
active participation in OPA can “harmonize” a child’s 
daily routine toward the recommended sleep duration, 
sedentary time, and PA, regardless of the child’s gender, 
age, or body weight level. These findings are consistent 
with the results of the ToyBox-Study, which showed that 
participation in sports clubs and team sports significantly 
helped pre-schoolers [43] achieve all three 24-hMBGS. 
However, in contrast to Belgian pre-schoolers from the 
ToyBox-Study, university education of fathers was not 
associated with higher odds of achieving the 24-hMBGS 
in Czech 3–10-year-old children [43].

The mother’s adherence to at least two of the three 
WHO’s 24-hMBGS and her normal body weight were 
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significantly associated with higher odds of child achiev-
ing any combination of at least two or more 24-hMBGS, 
whereas neither the father’s variables nor the family’s 
SES showed such an association. This finding is consis-
tent with previous results from the FAMIPASS studies, 
which revealed a more significant role for mothers than 
fathers in shaping their children’s PA and sleep patterns 
[16, 17]. An explanation for the more prominent role 
of mothers than fathers in instilling health-promoting 
24-hMB patterns in their offspring may lie in parenting 
styles - mothers tend to be more permissive, responsive, 
and supportive, while fathers tend to be more restric-
tive, coercive, and harsher, showing less parental concern 
than mothers [44]. Another possible reason for the more 
prominent role of mothers than fathers in child rear-
ing could be the relatively high divorce rate in Czechia. 
Although significantly reduced from the previous decade, 
the divorce rate was still 45% in 2021, with 61% of those 
divorces involving minor children [45]. Subsequently, in 
80% of cases, the minor child was placed in the custody 
of the mother, in 12% of cases, both parents had alternate 
or joint custody, and in the remaining cases, the child was 
placed in the custody of the father or another person [46].

Practical applications
For parents, the simplest daily tool to promote children’s 
adherence to 24-hMBGS is walking outside with them 
for at least 25 min a day (or once every two days for at 
least 50 min), allowing even children who do not partic-
ipate in OPA to reach the MVPA level of those actively 
involved in OPA. In addition, we encourage parents to 
motivate their children to participate in structured lei-
sure activities with a physical, artistic, nature-care, spiri-
tual, or other focus, incorporating active transportation 
(walking, cycling, skateboarding or using scooters) to and 
from these activities. Given the workload of parents, it is 
understandable that there is little time for family PA on 
work/school days, which can be compensated by regular 
joint outdoor trips and PA on weekend days.

Strengths and limitations of the study
A distinct strength of this study was the accelerometer-
based continuous 24-hMB monitoring of a representa-
tive sample of Czech children aged 3–10 years attending 
a regular kindergarten/school class on a daily basis. A 
potential limitation of the research was voluntary nature 
and personal interest of participants, as it can be rea-
sonably assumed that families with intrinsic motivation 
to participate free of charge in the demanding weekly 
monitoring of exercise regimen may tend to adopt a 
healthy lifestyle more than families with no interest in 
participating in the research. We attempted to elimi-
nate this limitation by emphasizing the non-competitive 
nature of the research in order to capture the normal 

movement behaviour regimen involving kindergarten/
school instruction. We also did not make specific recom-
mendations to any of the participants about daily sleep 
time, PA, and sedentary behaviour. Another limitation of 
the study may have been the failure to ascertain family 
type and parental marital status (e.g., complete, incom-
plete, divorced, widowed, children in alternate care, etc.), 
as we did not want to reduce participant response rates 
by requesting this sensitive information. In part, marital 
status may serve as a proxy for surveyed SES in terms 
of economic power, but this proved to be insignificant 
in determining the role of children’s active participa-
tion in OPA or adherence to the 24-hMBGS. Although 
follow-up data collection is planned for the same group 
of participants, the cross-sectional design of this study 
involving only the baseline stage of data collection pre-
cludes inferring causal relationships.

Conclusions

 	• Active 3–10-year-old participants in OPA compared 
to non-participants were significantly more likely 
to meet at least two of the 24-hMBG (77.7% vs. 
66.4%, p = 0.008), had significantly shorter daily 
sedentary time (by 30 min per day, p = 0.001) and had 
a significantly lower prevalence of excessive body 
weight (10.26% vs. 24.87% p < 0.001).

 	• Active participation in OPA significantly (p < 0.01) 
helped 3–10-year-old children achieve at least two of 
the 24-hMBG, regardless of their gender, age, excess 
body weight, and family SES.

 	• Mothers played a more important role in their 
children’s compliance with 24-hMBG than fathers. 
Mother’s non-excessive body weight and attainment 
of at least two of the 24-hMBG significantly (p < 0.05) 
assisted children in meeting at least two of the 
24-hMBG.

 	• Regular and long-term implementation of at least 
80 min of OPA per week, with parental support, 
appears to be an appropriate lifestyle strategy for 
achieving at least two of the three 24-hMBG and for 
preventing the development of excess body weight in 
young children.
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