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Abstract

Background: This study focuses on the comparison of weekday/weekend parent-child behavioural patterns (step
count (SC) and screen time (ST)) and answers the question of whether achieving the recommendations for daily
SC (10,000) in parents also helps their preschool children achieve the recommended daily SC (11,500).

Methods: The participants (278 parents aged 30-45 and their 194 children aged 4-7) were randomly recruited
from 10 Czech public kindergartens. The participants recorded SC (pedometer Yamax Digiwalker SW-200) and ST
duration (proxy-report) for seven consecutive days (=8 h/day) during September-October 2014 and April-May
2015. Differences between weekdays/weekends SC or ST were tested using a paired t-test. The odds of achieving
the recommended daily SC for children were estimated using general logistic regression separately for weekdays
and weekends.

Results: Only the mothers were found to have a significantly lower SC at weekends than on weekdays. All of the
participants showed significantly more ST at weekends than on weekdays (daughters: 78.6 vs. 45.7 min/day, p < 0.
001; sons: 78.8 vs. 55.8 min/day; mothers: 93.0 vs. 68.3 min/day; and fathers: 116.6 vs. 87.5 min/day). Daughters
and sons were significantly more likely to achieve daily SC recommendation if a) the SC on weekdays during the
daily routine in kindergarten exceeded the median of kindergarten SC or b) at weekends if their mother (OR: 9.67,
95 % Cl: 3.57-26.23) exceeded 10,000 steps a day.

Conclusions: Especially at weekends, preschoolers have higher odds of meeting the recommended 11,500 steps
per day when their mother reaches 10,000 steps per day and this is independent of the amount of parents’ ST.
Moreover, physical activity in kindergarten helps preschool children meet the 11,500 recommended steps per day
on weekdays. Therefore, interventions to promote physical activity in preschoolers should focus on kindergartens
and encourage involvement of their families.

Keywords: Step count, Yamax pedometer, Mother, Father, Kindergarten, Weekdays, Weekends, Family

Abbreviations: BMI, Body mass index; CARS, Children’s Activity Rating Scale; CI, Confidence interval; ICC, Intra
class correlation; OR, Odds ratio; PA, Physical activity; Ref., Reference group; SC, Step counts; ST, Screen time

Background

According to the Socialization Model of Children’s Be-
haviour [1], which is based on the Social Cognitive The-
ory [2], parents have a direct influence on their child’s
behaviour and also on the body weight [3—6], physical
activity (PA) [5, 7-9] and screen time (ST) of children
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[9-11]. The prominent questionnaire studies show the
importance of parental support for the implementation
of PA in their children [12—14]. Moreover an active life-
style of parents is associated with a lower risk of over-
weight of their children [15, 16]. The pilot Czech study
revealed existence of the positive relationship between
PA of parents and their school-aged children. Reversely,
higher sedentary behaviour of parents is linked to higher
sedentary behaviour in children [17] with stronger sig-
nificant association observed during weekends than on
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weekdays [18]. However, there is a lack of studies dealing
with relationship between physical activity behaviour of
preschool children and their parents.

The association of objectively measured PA among both
parents (not only mothers [19, 20]) and their preschool
children is also rarely examined [21, 22]. Moreover, it is
not confirmed that the achievement of recommendations
for daily PA in parents helps increase the chances of
achieving daily PA recommendation in their preschoolers.
This issue was recently highlighted within a consensus
paper as one of the ten important research questions
related to PA in preschool children [23]. More in-depth
research is needed on the prevalence of meeting PA
guidelines for preschool children and excessive sedentary
behaviour, including the need to detect patterns and
correlates of PA for preschool children in kindergarten,
during their leisure time on weekdays and also at
weekends [23].

Since 1990, the rise in number of overweight and obese
preschoolers has been dramatic worldwide and currently
poses serious health-related problems [24]. Therefore, it is
desirable to identify effective interventions and programs
to encourage energy-balanced behaviour to reverse this
unfavourable trend toward overweight/obesity in pre-
school children [5, 9-11, 25—-27]. Recommendations for
designing PA-related interventions for preschoolers and
interventions to reduce overweight/obesity call for in-
volvement of both parents [25-27] in order to better
integrate the children’s families into kindergarten-based
interventions [28-31]. Additionally, preschool children
whose parents consistently limited television viewing
spent significantly less time in this behaviour and total
ST [10, 11]. Recent systematic reviews on interventions
aimed to reduce ST also recommended including a
strong family component to improve the success of in-
terventions [32, 33].

While in economically developed countries, including
the countries of Western and Northern Europe, there are
verified PA promotion programs and obesity-reducing in-
terventions for preschool children [25, 26, 28—30, 34, 35],
in the countries of Central and Eastern Europe, such
programs/interventions are introduced much more rarely.
Designing of PA promotion programs and obesity-reducing
interventions, especially in preschool children, should be
preceded by detecting patterns of energy-balanced behav-
iour of parents and their children [9-11] in different parts
of the day, the week and the seasons [36]. Based on this
knowledge, interventionist can develop programs that fit
with the needs of pre-schoolers as a prerequisite of their
long-term effects.

The aim of the present study is to reveal weekdays/
weekends parents-child behaviour patterns (SC and ST).
The second aim is to answer the question of whether
achieving the recommendations for daily SC of parents
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also helps to achieve the recommendations for daily SC
for their preschool children.

Methods

Participants

The parents of 4- to 7-year-old children were invited to
enrol their children in the study after attending a detailed
presentation on the design and purpose of the survey at a
joint meeting with researchers, teachers and school ad-
ministrators at each of the invited kindergartens. All
families involved in the survey gave their written in-
formed consent and participated in the study voluntar-
ily and without any financial incentive. All participants
who completed the survey received individual graphical
feedback on their results. Ethical approval to conduct
the study was obtained from the Ethics committee of
the Faculty of Physical Culture, Palacky University, on
10™ December 2014 under reg. no. 57/2014.

Participants were recruited from ten public kindergar-
tens in the Moravian region of the Czech Republic. The
kindergartens involved in the present study were selected
from the same settlement units as in the previous survey
in 2005, thus covering all the administrative regions of
Moravia and including kindergartens both form cities and
rural areas [37]. Overall, more than 70 % of the total sur-
veyed respondents agreed to participate in the research
and more than 60 % of them completed monitoring of
weekly PA, screen time and anthropometric testing
(Table 1). For explanation of at least 10 % of variance
in the dependent variable from independent variable,
we determined minimal sample size per group (n>70)
with sample power of at least 80 % [38].

All the kindergartens had similar indoor/outdoor kin-
dergarten environment (separate houses surrounded by
a grassy garden, with a children’s sandpit and an age-
appropriate children’s playground) and the same minimum
daily PA routine (a daily 30-60-min walk outdoors and
20 min of indoor exercise steps and dance variations,
competitive and coordination movement games, relaxation
or breathing activities, and other types of exercise) [39].
Measurements were carried out during spring (April/May)
and autumn (September/October) of 2015.

Measures

Pedometer

SC in children and parents were assessed with unsealed
Yamax Digiwalker SW-200 pedometers (Yamax Inc.,
Tokyo, Japan), which is an unobtrusive tool, sized 1.9 x
39x52 cm, that uses a horizontal spring-suspended
mechanical lever to measure vertical oscillations in move-
ment. Validity and reliability of the SC of the Yamax Digi-
walker SW-200 pedometer in preschool children has been
previously evaluated by concurrent monitoring using
Children’s Activity Rating Scale (CARS) [40-42]. The



Sigmundova et al. BMC Public Health (2016) 16:898

Page 3 of 9

Table 1 Descriptive characteristics (number; percentages; means and standard deviations) by gender

Parents Children
Mothers Fathers Daughters Sons
Number (%) of addressed respondents 234 (100 %) 181 (100 %) 141 (100 %) 155 (100 %)
Number (%) of participants who provided informed consent/were given pedometers 183 (7821 %) 130 (71.82 %) 103 (73.05 %) 120 (77.42 %)
Number (%) of returned pedometers meeting validation criteria 166 (7094 %) 112 (61.88 %) 88 (62.41 %) 106 (68.39 %)
Anthropometric variables of participants with valid pedometer data (n=166) (n=112) (n=288) (n=106)
Age (years) 3606+428  3871+489  558+084 563+0.86
Body height (cm) 16765+6.15 18042+683 11628+1047 11751+£764
Body weight (kg) 6791+£1166 8488+1219 2052+3.99 2137+£383
BMI (kg/mz) 2418 +4.12 26.03 +3.26 1522+243 1543 +1.81
Overweight™* 2561 % 5273 % 11.36 % 849 %
Obesityb'CI 10.98 % 10.00 % 9.09 % 943 %

n number of participants; BMI body mass index

“overweight or bobesity in children represents a BMI from 85th to 97th or greater than 97th percentile of WHO growth charts [48, 49]; “overweight or dobesity in
parents represents a BMI from 25 kg/m? to 29.9 kg/m? or greater than or equal to 30 kg/m? [50]

high validity of the Yamax Digiwalker SW-200 SC in
adults in free-living conditions was confirmed by com-
parison with the ActivPAL during one working day
(-240 SC per day, -5.9 % error deviation, ICC = 0.96,
p <0.01) and good test-retest reliability was confirmed
on a 30-min treadmill walking test under laboratory
conditions (ICC =0.71, p <0.01) [43]. The output vari-
ables that were analysed from the pedometer were
overall daily SC and SC in kindergarten (occupational
activities for parents). The daily SC is the value of the
aggregate amount of steps shown on the display device
of the pedometer-wearing participant during entire
monitoring day, i.e. between the morning (pedometer
mounted on) and evening (pedometer taken off). Kinder-
garten (employment) SC represents the amount of steps
over time spent in kindergarten (occupational activities).

Logbook

The parent of each participating child involved was
asked to record his/her own, as well as his/her child’s
values of SC and duration of ST in a personalised family
logbook. The personalised family logbook included one
table for recording daily wear time and values of SC
(morning after waking up, start and end of kindergarten
for children (paid occupational activities for parents),
and in evening before going to bed) and another table
for recording the duration of sitting and lying while
watching TV (DVD, video), as well as sitting and lying in
front of a PC (notebook, tablet, smartphone) separately
for all family members. The accuracy of recording the dur-
ation of ST was fixed at 10 min. Parents’ proxy-report of
time of duration of TV watching of their 5-6-year-old
children shows acceptable 7- to 14-day test-retest reliabil-
ity (ICC=0.78; 95 % CI, 0.69-0.84, p < 0.001) for detecting
sedentary behaviour on usual weekdays and weekend days

[44]. The output logbook-derived variable was the daily
duration of ST (minutes). The variable of daily ST rep-
resented a sum of sitting and lying while watching TV
(DVD, video) and sitting and lying in front of a PC
(notebook, tablet, smartphone).

Anthropometric covariates

At a joint meeting with the researchers in kindergarten,
the parents were asked to record their own, as well as
child’s birthdate, gender, and body weight and height at
home in a personalised family list before the start of
monitoring of SC and ST. Parents were instructed how
to measure body weight and height at home. Self-reported
body weight and height can be used to estimate health
risks associated with variations in BMI in adults [45]. In
children this procedure is justified as home measurement
of body weight and height of preschool children by their
parents was verified by comparison with laboratory
measurements (weight —-ICC = 0.94, 95 % CI, 0.86—0.97;
height, ICC=0.95, 95 % CI, 0.94-0.96) in 297 Belgian
pre-schoolers aged 3-7 years [46]. The chronological
age of the participants was calculated from the date of
birth until the first day of PA monitoring.

Procedure

The week before the start of PA monitoring, participants
were given the opportunity to familiarise themselves with
the Yamax pedometers during a joint meeting at each of
the participating kindergartens. The parents and teachers
received written instructions for proper pedometer use,
for recording in the family logbook, and for anthropom-
etry measurement. They were instructed to ensure that
children wore the pedometer on their right hip as long as
possible during all waking hours except water activities
and sleeping [37, 39].
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During the morning of the first day of the 8-day PA
monitoring period, the children in kindergarten received
their pedometers. The pedometers were not sealed, but
participants were instructed to open the pedometers
only for the four SC recording times per weekday (two
times per weekend — only morning and evening). The
data for the first day were omitted because the recording
of the first day was incomplete and to minimize the in-
fluence of possible behaviour change (e.g. effect novelty,
reactivity). To be included in the analysis, the pedometer
had to be worn for at least eight hours a day over at least
four weekdays and two weekend days [47].

Data analysis

Descriptive characteristics are presented in Table 1 as
the means + standard deviations (SD) or 95 % confidence
intervals (95 % CI). Body mass index (BMI) (kg/m2) was
calculated as body weight (kg) divided by the square of
body height (m). Age-specific cut-off points, according
to the World Health Organization [48, 49], were used to
define the prevalence of children’s obesity. Overweight
or obesity in children represents a BMI from the 85th to
97th or greater than the 97th percentile of the WHO
growth charts [48, 49]. Overweight or obesity in parents
represents a BMI from 25 kg/m” to 29.9 kg/m? or greater
than or equal to 30 kg/m* [50]. The chi-square test was
used to assess gender-differences in overweight/obesity in
preschoolers (daughters and sons), as well as their parents
(mothers and fathers). Values of daily SC under 1000 or
exceeding 30,000 were truncated to these recommended
limit values, respectively [47, 51], and included in the ana-
lysis. Daily SC recommendation for preschool children
represents a value of 11,500 steps/day [52] and for adults
it is a value of 10,000 steps/day [53]. An excessive ST for
children and adults was defined as two or more hours/day
[54, 55]. Differences between weekdays/weekends SC or
ST in parents and children, separately for gender, were
tested using a paired t-test. Testing the difference in the
percentage of participants achieving SC recommendations
between weekdays and weekends were performed using
the chi-square test. Logistic regression models (Enter
method) were used to investigate whether parental
achievement of the daily recommendation of SC and
non-excessive ST on weekdays and weekend days (the
two analyses separately) were associated with children’s
achievement of daily SC. These analyses were adjusted
for children’s and their parents’ age and overweight/obesity
as categorical variables. First, we assessed the association of
mothers’ SC and ST with their child’s SC on weekdays and
weekend days. Then, we ran the analyses again for the
father-child pairs. The data were analysed in total for all
kindergartens because two-step cluster analysis found no
indication for clustering by kindergarten. The Statistical
Package for the Social Sciences (SPSS) for Windows v.22
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software (IBM SPSS, Inc., Chicago, IL, USA) was used
for data management and all statistical analyses. The
significance level was set to p < 0.05 (2-tailed).

Results

Prevalence of obesity was similarly about 10 % both in
adult and child participants regardless of genders.
However, we observed significantly higher percentage of
parents reporting general excess weight, with almost one
in four mothers and over half fathers being overweight. In
children of both genders it was around 10 %.

The weekdays/weekends PA patterns, represented by
SC, refer to overall slightly higher PA on weekdays than
on weekends, except for fathers (Fig. 1). However, only
mothers were found to reach significantly (p < 0.01) higher
daily SC on weekdays than at weekends. Mothers were
also the single study group with a significant difference in
the percentage reaching SC recommendations of 10,000
steps per day (Fig. 1), thus being significantly less active at
weekends. On weekdays no significant differences were
found among the percentages of children and parents who
met SC recommendations (11,500 steps per day for pre-
school children [52] and 10,000 steps per day for adults
[53]). At weekends, a significantly (p <0.05) lower per-
centage of females (mothers or daughters) than males
(sons or fathers) reached the SC recommendations (Fig. 1).
During the daily routine in kindergarten, daughters (sons)
performed an average of 5455 (6221) SC per weekday,
which accounted for 47.43 % (54.10 %) of the daily recom-
mended 11,500 SC per day [43]. Similarly, during occupa-
tional activities on weekday mothers (fathers) reached
46.48 % (52.85 %) of daily recommended 10,000 SC per
day [44], which represents, on average, 4921 (5285) SC
per weekday.

Daily ST between weekday and weekends is depicted
in Fig. 2. Regardless of gender, both the parents and chil-
dren showed significantly showed significantly more ST
on weekends than on weekdays. At weekends we also
observed a significantly higher proportion of daughters,
sons, mothers and fathers exceeding two or more hours
of ST per day, compared with weekdays (Fig. 2). On
weekdays, 6.7 % of preschool girls and 7.1 % of pre-
school boys spent more than 2 h a day in front of a tele-
vision, video, computer or tablet/smart phone, while at
weekends it was about four times as much in girls and
three times as much in boys, respectively (Fig. 2).

Logistic regression analysis, adjusted for children’s and
their parents’ age and overweight/obesity, revealed differ-
ent odds of preschool children for meeting a daily SC rec-
ommendation (11,500 steps a day) separately for weekdays
and weekends (Table 2). On weekdays, preschoolers are
more than six times as likely to achieve the daily SC
recommendation when the kindergarten daily routine
accounted for more than the median SC (p <0.001). At
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steps/day; %° percentages of parents who met step counts recommendation of 10,000 steps/day. Statistical significance of differences in daily
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weekends, we found children to have almost ten times examined the association between weekdays/weekends
higher odds to meet the SC recommendation, when their ~ parent-child PA and ST at once [18, 57]. Especially evi-
mothers reached at least 10,000 steps a day (Table 2). The  dence on preschool children is scarce [5]. Thus far, no
excessive ST (=2 h per day) of parents does not affect the one has answered, to the best of our knowledge, the
likelihood of achieving preschoolers’ SC recommendation  question of whether parents who achieve the recommen-

either on weekdays or at weekends. dations for daily SC also help their preschool children
achieve the recommendations for daily SC. The present
Discussion study addressed this issue by the simultaneous monitor-

While previous research has examined the association ing of children’s and their parents’ PA using a pedom-
between weekdays/weekends parent-child PA [56] or eter and self-reported SC for at least 8 h a day during
parent-child ST [14], relatively few studies to date have  one school/occupational activities week involving both
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Fig. 2 Comparison of parents’ and children’s logged daily screen time (mean and 95 % confidence intervals) on weekdays and weekend days
separated by gender. Legend: n number of participants; % percentages of children/parents who exceeded 2 h a day of screen time. Statistical
significance of differences in daily screen time (percentages of excessive screen time) between weekdays and weekends using a paired t-test
(chi-square test) is expressed as *p < 0.05, **p < 0.01 and ***p < 0.001
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Table 2 Logistic regression analysis: Odds ratios and 95 % confidence intervals for meeting the step count recommendations in
children on weekdays and weekend days, separately for mother-child and father-child pairs included in the model (controlled for

children’s and their parents” age and overweight/obesity)

Step counts (SC) recommendation 11,500 steps/day

Weekdays Weekends
%° OR 95 % Cl %"° OR 95 % Cl %° OR 95 % Cl %"’ OR 95 % Cl
Mother in the model Father in the model Mother in the model Father in the model
Parent n=115 n=74 n=115 n=74
Step counts
< 10,000 steps/day 519  Ref. 500  Ref. 319  Ref. 500  Ref.
210,000 steps/day 606  1.26 052-3.10 718 263 0.83-8.38 776 967**  357-2623 707 270 0.91-8.02
Screen time
<2 h per day 563  Ref. 596  Ref. 494 Ref. 579  Ref.
22 h per day 59.1 1.36 043-4.31 650 218 045-1062 538 064 0.22-1.82 64.1 1.83 0.55-6.04
Children n=115 n=74 n=115 n=74
Gender
Boys 614  Ref. 619  Ref. 56.1  Ref. 69.0  Ref.
Girls 525 069 028-167 600 075 0.21-2.62 459 060 0.25-1.47 514  033* 011-099
Daily screen time
< median 655  Ref. 714 Ref. 540  Ref. 67.7  Ref.
= median 483 037% 0.15-090 524  0.9* 043-0.85 475 1.9 047-3.03 565 032 0.09-9.33
Kindergarten
Step counts
< median 36.1  Ref. 389  Ref. 393 Ref. 500  Ref.
2 median 789 620" 26-149 805 878 261-2960 632 263* 1.09-6.34 707 3.05 0.99-6.66
Nagelkerke R 0.30** 0.38%* 0.35%** 0.25

SC, step counts; ST, screen time; %°, proportion of children (daughter, sons) who met the pedometer-based recommendation for daily step counts 11,500 steps/day
in a given row (e.g. 60.6 % of the children, whose mothers reached > 10,000 steps/day on weekdays, met the recommendation of 11,500 steps/day); OR, odds ratio;

95 % Cl, confidence interval; Ref., reference group

*p < 0.05; **p < 0.01; ***p < 0.001; R? Nagelkerke coefficient of determination, logistic model, Enter method

weekend days. Overall, we found that preschoolers have
higher odds of meeting the recommended 11,500 steps
per day when their mother reached 10,000 steps per
day and this is independent of amount of parents’ ST.
Moreover, PA in kindergarten also helps preschool chil-
dren meet the 11,500 recommended steps per day on
weekdays. These findings highlight the importance of
family- and kindergarten-based intervention for pro-
moting PA.

Regarding the assessment of participants’ PA patterns,
in line with previous findings preschool boys were slightly
more active than girls [21, 58], and children were slightly
more active than parents [21, 51]. However, unlike previ-
ous pedometer-based studies [58, 59] in children and
fathers there were no significant differences between week-
days and weekends PA. This finding in terms of pre-
schoolers have been confirmed in other Czech pedometer-
based studies [37, 60]. Possible reasons could be traced
back to a tradition of a wide range of inexpensive leisure
time PA-promoting programs and clubs for preschoolers;

the availability of free age-adapted children’s playgrounds
and parks; and the emerging private sector focusing on
family health, wellness and recreation. All these issues to-
gether can effectively assist with increase of leisure-time
and weekend PA of pre-schoolers [39]. However, this
health-related positive pattern of comparable amount of PA
in weekdays and weekends in pre-schoolers does not persist
after entering primary school and years of compulsory
schooling [37, 39, 57, 60]. This might indicate that parents
spend more time with their children when they are younger
and, thus, the possible influence on their children’s’ PA gets
weaker with increasing age of the children.

ST unveiled a completely different weekdays/weekends
pattern than for PA in all groups of participants, both in
parents and their children. While on weekdays preschool
children spend, on average, less than 1 h in front of a
television, video, computer or tablet/smart phone, at
weekends it is more than 78 min a day. In other words,
on weekdays only 6.7 % of girls and 7.1 % of boys
exceeded 2 h of ST, but on weekends 27.0 % of girls and
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21.4 % of boys” parents reported excessive ST (> 2 h/day).
However, the prevalence of excessive daily ST for Czech
preschoolers is still lower than the excessive daily ST of
American [61, 62] and Canadian preschoolers [63]. Par-
ents were also found to have considerable higher amounts
of ST at weekends than on weekdays. Almost twice as
many fathers had excessive ST at weekends, compared
with weekdays. The same pattern of a significantly higher
amount of weekend ST than on weekdays was observed
also in 5- to 6-year-old English children and their parents
[14], as well as in Czech families with children aged 9-12
years [57]. Intuitively, all members of families with pre-
school children spend more free time together and share
more activities during weekend days than during week-
days. However, we are not able to differentiate between ac-
tivities (SC or ST) which have been done together as a
family or alone without a family context [57, 64].

The relationship between the behaviour (PA and ST)
of parents and their preschool children has recently been
assessed in the literature [4, 5, 8-10, 19, 21, 22] but
there is a need to answer the question whether parents
who achieve the recommendations for daily SC also help
their preschool children achieve the recommendations for
daily SC. Consistent with previous findings [4, 5, 19, 65],
our study showed that parents have a significant impact
on physical activity in their preschool children on week-
days and weekends. A previous study found that with one
physically active parent (mother or father) the relative
odds ratio of being active for his or her child was between
2.0 (mother) or 3.5 (father), in the case of both active par-
ents the relative odds of being active for the children was
found to be 5.8 [21]. There was no distinction between
level of PA by gender of parents and children or between
the type of day (weekday versus weekend day) [21]. The
results of our study support the assumption that if
mothers meet recommendations for daily step counts
of 10,000 steps/day [53], then their children are notably
more likely to meet the PA recommendation of 11,500
steps/day too [52], regardless of children’s gender and
the amount of parents’ ST. However, this was observed
to be significant only on weekend days, points to the
importance of promoting PA in families with a special
focus on weekends.

The interesting and new finding observed in this study
was that PA during kindergarten markedly assists boys
and girls in achieving the recommended 11,500 steps/day
[52] on weekdays and partly also at weekends. In light of
the general low levels of PA in children, it is not surprising
that increased PA in kindergarten significantly contributes
to overall higher PA on weekdays. However, our finding
highlighted the necessity of kindergartens to offer as many
opportunities as possible for structured and unstructured
physical activities to enable a substantial amount of SC
per day. Introduction of PA-promoting curricula in
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kindergartens, thus, might be an efficient way to encour-
age PA in a large number of preschoolers and kindergar-
tens should be aware of their PA-promoting role.

Our study also showed that, in general, amount of ST
in parents or children was not associated with meeting
SC recommendations. Therefore, our study did not sup-
port a displacement hypothesis of PA through ST, which
is in line with a lot of other studies [66]. In this sense we
could confirm the assumption that it is important to de-
velop interventions aimed to promote PA and to reduce
ST as separate intervention targets [33]. This becomes
even more important since both behaviours are independ-
ently associated with health outcomes in school-aged
children [67]. Explaining this finding is not easy and
further research is warranted on this issue.

Strengths and limitations
The main strength of this study is the involvement of all
family members in monitoring of the week-long ambula-
tory PA and the self-reported screen time. Strict criteria
for inclusion in the data analysis (data only from children
and their parents whose PA and screen time was moni-
tored continuously for at least 8 h a day, on at least four
weekdays and both weekend days) can be considered as
the strength of the study. Another strength of the study
is that the total amount of daily PA on weekdays is sup-
plemented with information on the amount of PA in
kindergarten (children) and occupational activities (parents).
The interpretation of the results and the formulation
of conclusions of the study has to take existing limita-
tions of the study into account. First, our study did
not collect data on the socioeconomic status of fam-
ilies (including the educational level of parents), incomplete
participating families (divorced parents, separate housing),
and type of residence (apartment vs. family house) [3] and
also did not take the number of children in the family and
ages of participating children’s siblings into account. These
factors might have indirectly influenced parents-child
behavioural patterns, but they have not been investigated
because of the disproportionate burden of parents regard-
ing continuous monitoring of their own and their child’s
weekly PA and screen time. Second, using a pedometer is
a further limitation of the study. Although pedometers
are recommended as a cost-effective, valid and reliable
method that provides summary output of daylong am-
bulatory PA of preschool children [59, 68, 69], they are
unable to accurately determine the type and intensity of
PA [70]. However, pedometers may be used as a viable
alternative to an accelerometer to estimate the moderate-
to-vigorous PA [59, 69, 71] that relates to a health criter-
ion and recommendations [68]. Third, the study presented
only the total daily ST and did not analyse the structure
and types of ST, especially for parents. The total amount
of parents’ ST may depend on the type and daily period of
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occupational activities and the socioeconomic status of
families.

Despite the aforementioned limitations, the results of
this study extend the knowledge of parent-child PA be-
havioural patterns in families with preschool child and
can assist in designing PA-promoting programs and
weight-related interventions for young children.

Conclusion

The results of this study provide evidence that advo-
cates for the importance of promoting age-appropriate
kindergarten-based PA-promoting programs with em-
phasis on involvement of families as a means of shaping
positive attitude towards PA behaviour in preschool
children. The study identified the following essential ele-
ments of an effective promotion of PA for pre-schoolers: a
combination of PA program in kindergartens on weekdays
and active PA behaviour in parents during the weekends
(210,000 step per day) could help preschool children meet
the recommended levels of daily PA (211,500 step per
day) throughout the week. Future research is needed to
assess the moderating effect of family-related variables
(socioeconomic status, incompleteness of families, type of
residence, and number, age, and PA level of siblings) in
meeting PA health-related recommendations more thor-
oughly in preschoolers.
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