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Abstract: Over the last decade, the lives of children in several countries, including Greece, have
been affected by recession. The aim of the present study was (a) to examine time trends in physical
activity (PA) and screen time (ST) of Greek preschool children, together with their family affluence
(FA), from 2009 until 2018, and to explore the associations among them; and (b) to investigate the
connections of parental educational level and children’s BMIs to their achieving ST (<1 h/day) and PA
(11,500 steps/day) guidelines. A total of 652 children from four cross-sectional cohorts participated. PA
was recorded with Omron HJ-720IT-E2 pedometers, whereas ST, family affluence (FA) and parental
educational level were reported by participants’ parents. The results of the one-way ANOVAs that
were computed revealed statistically significant differences among cohorts, albeit of no practical
importance, in PA, ST and FA. According to the regressions calculated, neither BMI nor the educational
level was related to membership in ST and PA guidelines groups. ST was a significant predictor of
children’s PA in all week periods (school-time, leisure-time, weekend), whereas FA was not such a
strong predictor. Multilevel interventions aiming at both ST and PA seem to be imperative for the
benefit of young children’s health.

Keywords: health behaviors; screen time; financial crisis; family affluence; recession; pedometer;
FAS; preschool

1. Introduction

Preschool years are vital for the configuration of behaviors that are closely tied to health, such as
those of physical activity (PA) [1] and screen use [2]. To begin with, PA is thought to be a cornerstone
for several health aspects [3,4], protecting against obesity and non-communicable diseases [5]. On the
contrary, excessive screen time (ST) not only negatively associates with preschoolers’ PA [6,7], but also
harms their metabolic health [8], and their motor [9], cognitive [9,10] and psychosocial development [11].

The importance of the above behaviors in young children’s lives has led several scientific
associations to the establishment of PA and ST guidelines aiming at safeguarding public health.
Regarding PA, it is recommended that preschool children should accumulate at least 180 min of
PA [12,13] or 11,500 steps [14] every day. Conversely, ST for 2-5-year-old children should be limited
to one hour per day [15,16]. Nevertheless, despite the aforementioned published guidelines, today’s
young children have been found to be both physically inactive [7,17-19] and heavily exposed to
screens [7,20-23].
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Among the factors that are associated with young children’s health behaviors, parents seem to
be among the most crucial, being not only “gatekeepers” but also role models for their offspring [24].
As far as the role of parents’ socio-economic status (SES) is concerned, research findings are conflicting,
with some studies reporting that children with higher parental SES present higher PA levels [25] and
lower ST [26,27], whereas a number of studies have found no association between SES and either
PA [28] or ST [29,30]. Similarly unclear are the findings concerning the role of family affluence (FA), as
an indicator of SES, on children’s ST [15] or PA [31], although it would be expected to be a predictor of
children’s PA, since nowadays, organized PA is mostly paid for [32]. Moreover, available facilities
triggering PA, such as playgrounds and parks in the neighborhood, have been found to enhance
parental support to their offspring’s PA [33,34]. Apart from family, preschool settings can be important
contributors to PA [35] and ST [36], since they host young children for a large period of their day.

During the last decade, children’s lives have been affected by the recession which started in
the United States and quickly spread around the world [37]. In Europe, rapid increases in the
unemployment rate and austerity measures introduced by governments have negatively affected
children and their families” well-being [38], to varying degrees among countries, however, with the
south of Europe, the Baltic States and Croatia presenting the most severe child poverty [37]. One
of the most heavily affected countries is Greece, having faced a deep and persistent recession since
2009 [39], with a sharp rise in unemployment that remains at a very high level (in 2018, the long term
unemployment in Greece was 13.6% with the equivalent rate in the EU being 2.9%) [40]. Children’s
health-related behaviors are expected to have been affected by the deterioration in their quality of life,
especially in the countries that have been hard hit. Nevertheless, until now studies have focused on the
effects of financial crisis only on adults’ PA [41,42]. Although children are among the most vulnerable
populations [38], there is no evidence regarding them. Taking into account both the negative impact of
the recession on children’s quality of life and the importance of preschool age for the establishment of
PA and screen use behaviors, a study investigating PA and ST of preschoolers in a country having
experienced the consequences of years of financial crisis would provide valuable evidence. On this
basis, the aim of the present study was (a) to examine time trends in PA and ST of Greek preschool
children, along with their FA, from the beginning of the recession (2009) until recently (2018), and to
explore the associations among them; and (b) to investigate the connections of parental educational
level and children’s body mass index (BMI) to their achieving ST and PA recommendations.

2. Materials and Methods

2.1. Participants

A total of 652 children from four cross-sectional cohorts (2009-2018) attending childcare centers
in Northern Greece participated in the study. In 2009, 48 public childcare centers were selected via
stratified sampling, using area (rural, urban) as stratification variable. After contacting their directors,
24 childcare centers agreed to participate. Data were gathered from children hosted in these 24 childcare
centers, in 2009 (n = 182 (72 boys, 110 girls)); 2012 (n = 161 (62 boys, 99 girls)); 2015 (n = 165 (65 boys,
100 girls)) and 2018 (n = 144 (61 boys, 83 girls)). Informed consent was obtained from both parents/legal
guardians and children’s teachers who volunteered to participate (corresponding rate ranged from
48% (2018) to 65% (2009)). The study was approved by the Ethics Committee of the Master’s degree
of the Department of Physical Education and Sport Science of the Democritus University of Thrace
(11/2009, 02/2012, 7/2015, 14/2018).

2.2. Measurements

2.2.1. Physical Activity

Children’s PA was measured with Omron Walking style pro HJ-720IT-E2 pedometers (Omron
Corp, Kyoto, Japan) that have been found to accurately record young children’s ambulatory activity [43].
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With this type of pedometer, data can be downloaded hour-by-hour, a feature that had a two-fold
contribution to the study. Firstly, pedometer removal for more than one hour could be detected. In such
cases, participants were excluded from the sample [44]. Secondly, it was possible to classify children’s
weekday ambulatory activity to PA during school-time and leisure-time (time after school). For the
purposes of this study, children’s PA was recorded for the following time periods: (a) school-time, (b)
leisure-time (at least three weekdays data were necessary for the calculation of both (a) and (b) average
step counts), (c) weekends (data gathered on at least one weekend day were necessary for average
weekend step counts) and (d) weekly (average step counts for at least four days).

2.2.2. Socio-Economic Characteristics

Parents were asked to provide information about their educational levels via a three-item list
(primary education (6 years); secondary education (9-12 years); higher education (>15 years)). Besides
the parental educational level, the Family Affluence Scale (FAS) [45,46] was used to assess SES, since,
based on family consumption, it appears to be more ecologically valid than parental income [47,48].
The FAS has been validated and used in several countries, including Greece [48]. It consists of four
items: (a) number of cars in the family, (b) child’s personal bedroom, (c) number of personal computers
and (d) number of family vacations during the previous 12 months. Responses in FAS items are
categorized from 0 to 3 (0-2 for (a); 0-1 for (b); 0-3 for (c); 0-3 for (d)), and an FA composite score is
computed, according to which, FA is characterized as low (0-2), medium (4 and 5) or high (6-9).

2.2.3. Screen Time

Parents were asked about their children’s ST via the following question: “On a typical week
day, how long time does your child usually spend on TV (watching television or videos) and/or
a computer/other smart devices, including playing computer games and using the Internet?” (not
including time spent at school). Parents’ responses were given in hours and minutes. This question has
been used for children’s ST assessment in several studies [7,49-51] and presented acceptable test-retest
reliability (intraclass correlation = 0.68, 95% CI = 0.52-0.83) [49].

2.2.4. Anthropometry

Children’s standing heights were measured to the nearest 0.5 cm (Stadiometer 208, Seca, UK),
whereas their body masses were measured to the nearest 0.1 kg, using a mechanical scale (Beam
Balance 710, Seca, UK). BMI was calculated, utilizing the formula body mass/height? (Kg/m?).

2.3. Procedure

Data collection was conducted every three years from 2009 until 2018 during September and
October. At first, a briefing meeting with children’s teachers and parents took place at each of the 24
childcare centers that agreed to participate in the study, on the first fifteen days of each September
with measurements. Parents who volunteered to participate were invited to a second meeting that
took place one week later. During that meeting, parents anonymously completed the structured
questionnaires regarding their SES and their offspring’s ST and age. Furthermore, they were provided
with detailed instructions about pedometer placement and operation. Participants should wear their
pedometer on their right hip all day long except the hours of sleeping and water activities. Children’s
PA was assessed for 10 days. Among them, the first three days were used for children’s familiarization
with the pedometer (those data were not used for statistical analysis). Pedometers were collected by
the researchers on the eleventh day. Only data of participants having worn their pedometers for at
least four valid days (=7 h/day) were used in the statistical analyses. Children’s standing heights and
body masses were measured in a quiet room at childcare centers, each child individually, by a trained
assessor of the same sex. During anthropometric measurements the examinee was barefooted and
wore his/her underclothes.
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2.4. Data Analysis

Descriptive data of children and their parents are presented as means (+ standard deviations) or
percentages per cohort. Since cluster analysis did not reveal any indicator for clustering by childcare
center in the variables of interest in any of the cohorts, single-level analyses were computed. At a
preliminary level, independent sample t-tests were utilized on each cohort data to check potential
gender differences on PA. Since no practical significant differences were detected (> = 0.03), data
of boys and girls were merged. In the next step, one-way analyses of variance were computed on
children’s step counts (school steps; leisure-time steps; weekend steps), FAS and ST to check for
potential differences between cohorts (2009 vs. 2012 vs. 2015 vs. 2018). For post-hoc comparisons,
Bonferroni test was applied. Moreover, the effect size was also computed, using eta squared values. To
estimate effect size, Cohen’s criteria were followed (only 1> > 0.14 are considered to show a practically
important association; [52]). Then, correlates of children’s PA and ST were investigated. Firstly,
logistic regressions using the child’s BMI and paternal and maternal educational level as predictors
were computed to predict meeting PA and ST guidelines. Secondly, multiple linear regressions were
computed to predict children’s school steps, leisure steps and weekend steps based on their FAS and
ST values. For all the statistical analyses the alpha level was set at 0.05. All statistical analyses were
performed with the SPSS v21.0 software (IBM SPSS, Inc., Chicago, IL, USA).

3. Results

In Table 1, the means and standard deviations of (a) parents’ educational levels; and (b) children’s
age, PA (school-time, leisure-time, weekend, weekly), ST and FA values, and frequencies of FA
categories and children meeting guidelines for ST (<1h/day; [15,16]) and PA (11,500 steps/day; [14])
are presented.

Table 1. Descriptive statistics for participants by cohort.

2009 (n = 182) 2012 (n = 161) 2015 (n = 165) 2018 (n = 144) Total (n = 652)

Child’s age (months) 52.58 + 3.55 52.50 + 3.51 53.02 + 3.58 52.79 + 3.57 52.72 + 3.55
Child’s BMI (Kg/mz) 16.71 + 1.69 16.71 + 1.70 17.05 £ 1.98 16.61 £ 1.62 16.78 + 1.76
Maternal educational level (%)
Primary education 0/% 0/% 0/% 0/% 0/%
Secondary education 50.6% 56.0% 48.4% 49.3% 51.1%
Higher Education 49.4% 44.0% 51.6% 50.7% 48.9%
Paternal educational level (%)
Primary education 2.3% 3.1% 4.3% 0.7% 2.7%
Secondary education 55.7% 59.7% 49.7% 54.2% 54.9%
Higher Education 42.0% 37.1% 46.0% 45.1% 42.5%
FAS 517 +1.272 4.00 + 1.65 bA 457 +1.732 3.69 +1.54 b4 4.40 + 1.65
Weekly PA (step counts) 8032 + 2026 7816 + 2087 6708 + 2739 6943 + 2729 7309 + 2512
School-time PA (step counts) 3646 + 1372 ¢ 3459 + 1175 3233 + 1590 2991 + 1433 P 3309 + 1442
Leisure-time PA (step counts) 4906 +13009¢ 4899 +13219 4026 +1531P¢ 4312 + 1466 P 4470 + 1471
Weekend PA (step counts) 6700 £2914 4 7112 £28029 5676 + 3321 P< 6031 + 3412 6419 + 3185
ST 2170734 224+071%  254+067b° 253 +0.67PC 2.40 +0.71
Meeting PA guideline (%) 3.8% 3.9% 4.2% 6.0% 4.5%
Meeting ST guideline (%) 19.1% 15.5% 9.8% 9.7% 12.9%
Meeting both PA and ST guidelines (%) 3.3% 2.5% 4.2% 2.8% 3.2%

PA pedometer determined physical activity, ST screen time, FAS family affluence scale index; # significantly different
from the other cohorts; P significantly different from 2009 cohort; © significantly different from 2012 cohort; d
significantly different from 2015 cohort; © significantly different from 2018 cohort.

The ANOVAs revealed statistically significant differences among cohorts, although with low
to moderate eta squared values, in leisure-time PA (F = 9.49, p < 0.001, r]z = 0.07), school-time PA
(F = 4.00, p = 0.008, n> = 0.031) and weekend PA (F = 4.75, p = 0.003, 7> = 0.036) (Table 1; Figure 1).
Regarding FAS, statistically significant differences were found among cohorts, although with moderate
eta squared value (F = 29.33, p < 0.001, n? =0.12) (Figure 2). Finally, according to the results of the
ANOVA computed on children’s ST, there were statistically significant differences among cohorts
(F =9.66, p < 0.001, n? = 0.053) (Figure 2).
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Figure 1. Mean step counts during school-time, leisure-time and weekends among Greek preschool
children between 2009 and 2018.
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Figure 2. Mean FAS and ST scores among Greek preschool children between 2009 and 2018: (a) mean
FAS scores for Greek preschool children between 2009 and 2018; (b) mean ST scores among Greek
preschool children between 2009 and 2018.

The logistic regression results indicated that children’s BMIs and parents’ educational levels were
unrelated to children’s membership in ST and PA guideline groups (p > 0.05 for all independent
variables). In the multiple linear regression computed on children’s school steps, a significant regression
equation was found (F; 485 = 118.62, p < 0.001), with an R? of 0.361 (predicted school steps = 5525.73
+ 131.21*FAS — 1203.41*ST). Both FAS and ST were significant predictors (¢t = 3.86, p < 0.001 and
t =-15.25, p < 0.001, for FAS and ST respectively). Regarding children’s leisure-time steps, a significant
regression equation was found (F; 435 = 238.19, p < 0.001), with an R? of 0.496 (predicted leisure-time
steps = 7846.07 + 39.94*FAS — 1483.83*ST). However, only ST was a significant predictor (t = —21.83,
p < 0.001), whereas FAS was not (f = 1.41, p = 0.16). As far as weekend steps are concerned, a significant
regression equation was found (F4g5 = 278.58, p < 0.001), with an R? of 0.545 (predicted weekend
steps= 14518.96 — 142.62*FAS — 3189.00*ST). Both FAS and ST were significant predictors (t = —2.41,
p =0.016 and t =-23.17, p < 0.001, for FAS and ST respectively).
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4. Discussion

It is well known that the recession has had negative consequences on children’s well-being [38];
thus, their health behaviors are expected to have been also affected. Nevertheless, to our knowledge, to
date there has been no research evidence regarding young children’s PA and ST—their correlation—in
the years of the recession. Taking into account that preschool age constitutes a key-period for the
establishment of health behaviors [1], the aim of this study was to examine the associations among
PA, ST, BMI, FA and parental educational level in Greek preschool children, between 2009 and 2018,
a period in which Greece faced a deep financial crisis.

A key-finding of this study was the very low percentage of Greek children who met the PA
limit (11,500 steps/day [14]) or the ST limit (<1 h/day [15,16]), both of which are important for their
health. Starting with PA, children in every cohort presented low step counts at every phase of
the week, confirming previous Greek studies that reported poor PA levels during preschool-hours
(3280 + 1014 steps/day [18]; 2564 + 921 steps/day [53]), leisure-time (5911 + 1403 steps/day [18]) and
weekends (7913 + 2181 steps/day [18]). Although there was a decline from cohort to cohort, with some
small fluctuations in weekend and leisure-time PA, what should be mentioned is the low ambulatory
activity presented in every cohort that led to a very low percentage of children (3.8%-6%) meeting the
steps/day guideline [14].

As far as screen use is concerned, a high prevalence of excessive ST was revealed, with children of
the four cohorts being, on average, exposed to screens more than 2 h/day. Taking into account both
that in the present study ST was reported by children’s parents (thus, no information about school ST
was gathered), and that children seem to accumulate approximately one h/day of ST during school
hours [54], it can be assumed that the total ST of our participants was at even higher levels. In previous
Greek studies [7,55], 32%—63.3% of children were found to exceed the 2-h ST limit [56]. In this study,
where the 1-h ST limit [15,16] was used, a higher percentage of children (80%—90%) were found not to
meet it. Moreover, a fractional percentage of children met the recommendations for both PA and ST.

The above findings can be partially explained under the prism of the prolonged financial crisis
that Greece has been facing since 2009 [39,57]. During these years, a sharp rise in unemployment
rates [40,58] and income loss for the vast majority of households [59], the highest in EU and OECD [60],
took place and were accompanied by severe cuts in public expenditure, painful across-the-board salary
cuts and serious tax increases [61]. The aforementioned vitally harmed several aspects of children’s
lives. To begin with, at the governmental (both national and local) level, although it is often supported
that facilities and programs promoting PA and quality of life are worth the money spent on them, they
are among the first to face cuts in a financial resource scarcity [62]. Focusing on preschool education,
due to public expenditure cuts, preschool settings in Greece have been stripped of equipment (both
stable and portable) [53] that could help children to be more active, whereas PE or organized PA
programs are not offered [63].

At a family level, there has been inevitable affluence deterioration that was reflected in our results
with statistical and almost practical significant differences in FAS scores among cohorts. Greek families
have been reported to be facing several problems, with the biggest ones being those of paying utility
bills, coping with unexpected expenses and dealing with a lack of leisure time [64]. In an attempt
to confront the difficulties their household faces, parents seem to develop several strategies, among
which are cutting children’s extra activities, such as participation in sports [38], viewing their costs as
barriers, regardless of their FA [65]. That explains our inconsistent findings regarding the association
between FAS and PA (it is positively associated with children’s PA during school-time, but negatively
associated with weekend PA (though, with a small contribution to the predicted step counts), whereas
it did not predict leisure-time PA).

Apart from the above, the parents” important role for their young children’s health behaviors [24]
should not be overlooked. In periods of unemployment, job insecurity and general anxiety, parents’
leisure time and personal care has been found to diminish [66], resulting in increased prevalence of
unhealthy behaviors, such as drinking, smoking and physical inactivity [55]. Moreover, due to the
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unstable working environment, parents tend to work at multiple jobs or increase job searching [66,67].
For that reason, they frequently leave the care of their younger offspring to older siblings or other
family members [67], and when they return home from work they are often too tired to play or to
engage in PA with their preschool aged children [68].

All the aforesaid negative conditions have significantly contributed to our participants” physical
inactivity. However, Greek children seemed to be physically inactive before the recession. Although
relative research evidence is very limited, it reveals that even in 2005, Greek preschool children
presented low PA (8871 + 2948 steps/day; 81.7% not meeting the 11,500 steps/day guideline) and
excessive ST (30.1% exceeded two hours of ST per day) [7], a finding that was also noticed in 2004
(32%; [55]). It appears that Greek children’s health behaviors, having already been at worrying levels,
deteriorated during the recession.

A second key-finding of this study that adds another piece to the puzzle of the chronic physical
inactivity of Greek children is the strong association between ST and PA. Both in the present study and
in previous ones with preschoolers [6,7], screen overuse was connected to low PA. It is well known that
excessive ST is associated with several health risks not only in the short but also in the long term [69],
and reduced PA is only one of them. Moreover, although in the present study, children’s BMIs were
proven to be insignificant for their PA or ST, the risk of being overweight due to early excessive ST that
can persist later in life is underlined [8].

Unfortunately, numerous studies report that today’s children worldwide are exposed to screens
two or more hours daily [26,70-73], whereas exceeding 4 h/day [74] or even 5 h/day [23] is no longer
surprising. It appears that screen overuse is a global phenomenon that is largely irrespective of
the recession, since high ST levels are reported in several countries in which child poverty was
not increased [75], including Canada [70] and Australia [71]. Nowadays, exposure to screens starts
as early as infancy [76] (in high-income countries, children younger than five years exceed one
hour/day of ST [77]). This can only to be expected due to the extensive availability of electronic
devices—smartphones, tablets, etc. [78].

Parents are the first to be held responsible for its restriction. In the previous decade, parents
were found to ignore ST limits [79] and believed that their children benefitted from media use [80].
However, it seems that they still hold the same beliefs [8]. Perhaps that is why they often use screens
as babysitters for their preschool aged children both at home, so they can perform household tasks
or rest [67], and also when eating out [81]. At this point, it is interesting to note that in the present
study and in previous ones [29,30], no relation was found between parents” educational levels and
children’s meeting ST or PA guidelines. Taking into account the multiple negative consequences
of excessive ST, interventions aiming at raising parents’ awareness about this phenomenon seem
imperative. It is necessary for parents to understand that efficient screen use parenting results in less
ST [82]. Additionally, it is important for parents to understand that their own screen use behaviors
influence those of their children [83].

Furthermore, parents need to be aware of their important role as PA models. This study and
several others [20,84] revealed that at weekends young children present low PA levels, with the vast
majority (97%) spending their time on sedentary behaviors [20,85]. Taking into consideration that,
at the weekends, young children share their leisure-time with their parents, this finding shows the
negative influence of parents on their offspring’s PA and thus calls for action.

However, it is well known that with regard to PA, parents should not be the only target of
interventions. Agreeing with several authors [7,86,87], we strongly believe that PA policies at childcare
centers could be an effective means for children’s PA enhancement. Although in some studies a high PA
is reported [20], in agreement with our results, a recent literature review [88] showed that the majority
(>50%) of the preschool day is sedentary. In Greece, as in several other countries (e.g., Canada [86] and
New Zealand [89]), there are no established policies regarding PA and sedentary time at preschool
education. What is more, at Greek childcare centers only some general pedagogical guidelines are
provided, since there is no national curriculum [90]. That undermines the quality of early education,
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jeopardizing not only children’s ST and PA but also their optimal development [60]. In a recent
Greek study [53] it was revealed that preschool teachers do not implement any PA policies. This is
unsurprising, since preschool teachers in Greece have been neither educated [63] nor reeducated [53] in
the fields of physical education or PA. The need for preschool staff training has been noticed by several
authors [63,86] and is of primary importance if childcare centers are to become “active schools.”

This study has some limitations that should be taken into consideration when interpreting its
findings. To begin with, it is well known that pedometers, although an objective means for PA
recording, do not provide useful information about the type and intensity of PA. Moreover, as was
reported earlier in this manuscript, data regarding children’s ST were gathered only by parents who
provided information about average ST of their children; thus, there is no information about ST during
school hours or discrimination between weekdays and weekend ST. Last, the study design of this
research (comparison of data from four cross-sectional cohorts) does not allow for testing causal
relationships. Nonetheless, despite its limitations, this study is the first to examine young children’s
health behaviors, such as those of PA and ST, in a country experiencing a prolonged financial crisis
that affected several aspects of its citizens’ lives. Furthermore, the associations of children’s PA and ST
with sociodemographic factors were investigated, shedding light on a very important issue.

5. Conclusions

This study demonstrated that from 2009 until 2018, when Greece faced a deep financial crisis,
young children presented low PA and high ST levels, with a very high percentage not succeeding
in meeting ST and PA limits that are vital for their health. However, the above findings can be only
partially interpreted by the consequences of the financial crisis on families’ lives. Greek children
have been reported to present worrying PA and ST levels before 2009, which deteriorated due to
the recession. Taking into account that ST was a significant predictor of children’s PA, whereas FA
provided inconsistent findings and parents” educational level did not associate with children’s PA
and ST, it seems that the Greek family has not developed a “screen and PA culture” as yet. Moreover,
relevant policies have not been implemented either on local or national level.

It is more than obvious that effective interventions aiming at reducing ST and enhancing PA at
an early age are imperative for the benefit of children’s health. In order to further this aim, national
PA planning would be beneficial. In view of the poor economy of Greece, investments in parks, bike
paths and sport programs or payment for PA in health care, etc., all of which have been proven to
enhance PA levels [31], seem difficult to implement. Nevertheless, the cooperation of the state with
the university to organize campaigns targeting parents, create a PA-centered curriculum at childcare
centers, train preschool teachers on integrating PA into school day and educate people towards an
active life style, so as to cultivate PA-friendly cultural values, could be both feasible and fruitful.
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