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SUMMARY

Background & aims: Numerous factors have been associated with the increase in childhood overweight
and obesity, including environmental, dietary and behavioral. The latter have been associated with un-
healthy eating behaviors but studies of their relation to dietary patterns are limited. Dietary patterns
serve as a better means to evaluate children's diet and risk of obesity and therefore the aim of the study
was to examine the relationship of behavioral factors with a specific dietary pattern developed for
children (child derived Food Index (cdFI)), and to assess how behavioral and diet are related to children's
weight status when addressed together in a model.
Methods: Study included school-aged children (n = 4434) from the Greek Childhood Obesity study
(GRECO), a cross-sectional survey. Participants self-reported behavioral habits and dietary intake, using a
semi-quantitative food-frequency questionnaire (FFQ). A high dietary pattern-cdFI is related to a
healthier dietary pattern. Anthropometric data were measured. Multiple linear and logistic regressions
were performed, adjusting for age and gender.
Results: The dietary pattern was positively associated with sleep, family meals and study hours, and was
inversely associated with total screen time, frequency of eating out and eating while on some screen.
Overweight and obese children were more likely to have a lower cdFI score (2%), sleep less (8%) and
report more study hours (6%).
Conclusion: In order to reduce and prevent child overweight and obesity, interventions probably need to
address specific behavioral and dietary patterns together.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

eating during the day (meal frequency), frequency of having family
meals, frequency of eating while watching TV, and frequency of

Numerous factors have been associated with the increase in
childhood overweight and obesity, including environmental, di-
etary and behavioral [1,2]. For this reason, these factors have been
termed as “obesogenic” and it is unlikely that they exert their ef-
fects individually.

Obesogenic factors that have been associated to the increase of
child overweight & obesity include sleep [3,4], sedentary lifestyle
and various eating behaviors. The latter encompass frequency of

Abbreviations: GRECO, Greek Childhood Obesity study; cdFI, child derived Food
Index.
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eating or ordering from a restaurant [5,6]. Television-viewing has
been used as a proxy measure to sedentary lifestyle and is the
behavioral variable most examined, linked to poor health outcomes
and unhealthy weight gain [6—8]. The effect of total screen time (TV
and other media types) on weight status, which is also related to
sedentary lifestyle and is an increasing trend among children [9], is
limited. Total study hours, has recently been suggested [10,11] as an
additional factor adding to total sedentary time in school aged
children, but has not been adequately investigated to date.

Diet & unhealthy eating patterns have been associated with
childhood weight status [11,12] and short sleep duration has been
found to increase risk of childhood obesity by 58%—89% [3,4].

The association of these behavioral factors on children's dietary
preferences has also been investigated. Sleep duration and TV-
viewing and screen time [13—17] have been associated with
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unhealthier food intakes, including high fat & sugary foods and low
fruit & vegetable intake. An overall assessment of children's food
choices based on individual intakes has been found highly het-
erogenic [ 18], which makes it difficult to provide an evidence-based
association between Body Mass Index (BMI) status, diet and child-
behaviors. The use of dietary patterns, has been shown to decrease
heterogeneity since all dietary patterns are assessed based on the
same standards. The use of a previously validated dietary pattern,
such as the child derived Food Index (cdFI), designed to predict
child overweight and obesity, can account for diet heterogeneity
and help provide stronger associations. Studies examining the
relationship between obesogenic behavioral factors on a dietary
pattern as a whole are limited.

Therefore, the aim of the present study was firstly, to examine
the association of specific childhood obesogenic behavioral factors,
with a specific dietary pattern, the child derived Food Index (cdFI)
and secondly, to assess how these behavioral factors and total cdFI
score are related to children's weight status, in total and by gender,
when addressed together in a model.

2. Materials & methods
2.1. Procedure

The study was carried out from October 2008 to May 2009, from
the whole district of Greece, via stratified sampling scheme
weighted by age, sex, and region, according to the population dis-
tribution (National Statistical Services, 2001 census). Precise details
on the stratification scheme have been previously published [19].
The number of children required to increase the power of the study
to 85% (5% type I error) was considered prior to the study with odds
ratio (OR) evaluated to equal 1.10, based on data reporting the
prevalence of childhood overweight and obesity in Greece. The
study included a random sample of 117 schools from 10 selected
regions, with a total of 5000 children aged 10—12 years old, studied.
Parental consent forms were obtained from 4965 out of the 5850
children invited (84.9% participation rate), therefore achieving a
good study power.

Upon data inspection, a total of 452 children were excluded; 117
children had all data missing; 95 children had left unanswered over
20% of the FFQ (>10 questions); and 240 individuals had reported
implausible energy intake (<600 kcal/day or >6000 kcal/day). A
total of 4434 children (81 missing in random) were finally included
in the analysis. The power of the study was not affected since the
prevalence of overweight and obesity found in this population was
higher than anticipated a-priori (OR = 1.4). Furthermore, selection
bias was examined between respondents and non-respondents by
assessing potential differences in children's age and gender in
relation to their weight status and by gender. No significant dif-
ferences were found (p > 0.5 in both cases).

The present study was conducted in accordance with ethical
principles and guidelines laid down in the Declaration of Helsinki.
The Agricultural University of Athens research committee approved
procedures as well as the Hellenic Ministry of Education (Depart-
ment of Primary Education) as the law provides in Greece for any
studies conducted at school during formal working hours. All
children, teachers and primary caregiver were informed of the aims
and study procedures, and consent forms were obtained.

2.2. Assessment of predictors

The questionnaire included two sections. The first section
referred to descriptive information, including age, gender, anthro-
pometric measurements, and questions relating to behavior & ac-
tivity, and the second to the frequency of dietary intake.

2.2.1. Dietary and behavioral factors (Questionnaire)

Dietary pattern was assessed from a 48 item, previously vali-
dated, picture aided Food Frequency Questionnaire (FFQ) [20]. The
FFQ was self-administered and was used to construct and validate
the dietary pattern-cdFI designed to predict child overweight &
obesity [11]. This is further explained in section 2.3.2.

Behavioral data were obtained on total screen time, hours of
sleep, eating behaviors and hours of studying. Total study-hours
were assessed by averaging hours reported over weekdays and
weekends.

The questionnaire was structured to provide information on
overall screen time during weekdays and weekends, separately.
Total screen time was defined as the amount of time spent
watching TV, playing video games and computer in hours per day.
Children reported how much time they spent on screen (TV/DVD/
computer/games) on a typical school day (Monday to Friday) and
on a typical weekend (Saturday and Sunday). Average reported
hours per weekday and per weekend were summed and divided by
two (2) to create an average viewing of hours per day. Implausible
screen hours, defined as: >120 h per week in accordance to Falbe
et al. (2013) were not reported and therefore no children were
further excluded from the sample [9].

Sleep duration was self reported by the children and recorded as
the time they went to sleep at night and the hour they usually wake
up, during weekdays and weekends, separately. Total hours of sleep
were then mathematically calculated for each child, taking an
average for weekdays and weekends.

2.2.2. Eating behavior

The questionnaire included questions on various eating behav-
iors, including number of meals per day, frequency of having meals
while on a screen (watching TV, DVD, playing video games/con-
soles, using computer), frequency of having family meals with
family members, and frequency of eating/ordering out. Response
categories for the former two behaviors, ranged from 1 to 6 times a
day. The latter three behaviors had the following response options:
Everyday, 5—6 times/week, 3—4 times/week, 1-2 times/week, and
seldom/never.

2.3. Assessment of outcomes

2.3.1. Anthropometric measurements

Trained investigators and personnel from the Unit of Human
Nutrition of the Agricultural University of Athens performed the
anthropometric measurements. A series of meetings were planned
for training in conducting surveys, anthropometric measurement
and techniques. A two-week practical period was implemented
prior to study instigation. During formal study measurements and
in all study sites, at least 2 investigators were present in each class
using same measuring equipment and procedures. All measure-
ments were made during morning hours. Anthropometrics gath-
ered included standing body weight (kg) to the nearest 100 g with
the use of a digital scale (Tanita TBF 300), with the children without
shoes and dressed lightly. Standing height was measured to the
nearest 0.1 cm, again without (Leicester height measure), with the
head positioned in the Frankfort plane. Children were asked to
gently expire in order to measure waist circumference to the
nearest 0.1 cm with the use of a non-elastic tape (Seca, Germany).
The tape was placed in a horizontal plane around the trunk,
midway between the lower rib margin and the iliac crest. Body
mass index (BMI) was calculated by dividing weight (kg) by
standing weight squared (m?). Children's BMI cutoffs were defined
based on International Obesity Taskforce (IOTF) age and gender
specific BMI cut-off criteria [21].
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2.3.2. Dietary pattern-cdFl

Using the children's responses from their reported frequency of
consumption (48-item, picture aided FFQ) the dietary pattern-cdFI,
with a food index score (cdFI) was constructed. The index was
purely food based to understand how dietary patterns may predict
children's risk for overweight & obesity. The process for deriving
the cdFI score has been previously described in detail [11]. In
summary, a total of 14 foods, categorized as positive — non-
obesogenic or negative — potentially-obesogenic foods, were
included in the cdFI, based on a priori knowledge of food items and
dietary patterns for children. Specifically, the dietary pattern-cdFI
included eight (8) positive — non-obesogenic foods: fruit, vegeta-
bles, whole grains, fish, nuts, legumes/pulses, milk and yogurt; and
six (6) negative — potentially-obesogenic foods including: cheese,
red meat, sugared sweet beverages (ssb's), processed food, fast
food, and sweets. The dietary pattern-cdFl was validated and its
sensitivity of detecting overweight and obesity prediction was
tested by randomly splitting the study sample (75%—25%). Theo-
retically a minimum of 16 to a maximum of 64 was the range of
total FI score the children could achieve. The higher the dietary
pattern-cdFI, the healthier the children's dietary pattern.

2.4. Statistical analysis

Descriptive statistics, including frequencies, means, range
(minimum, maximum) and standard deviations were calculated for
all continuous study variables. Chi-square tests were used for cat-
egorical variables in order to assess gender differences and Student
t-test for mean differences between normally distributed variables.

All continuous variables were assumed to follow a Normal dis-
tribution according to the central limit theorem, due to the large
sample size. Scatter plots and studentized residuals were used to
detect outliers.

Outcome variables included dietary pattern-cdFI and children's
weight status, defined by BMI dichotomized into a binary variable
(healthy weight and overweight/obese children). The association
between behavioral variables and total cdFI score was assessed via
multiple linear regression. BMI was used as an indicator variable in
this model, overweight & obese children from normal weight peers.
The model included total sleep time, screen time, study-hours and
other behavioral variables stated, in a step-wise approach, and was
adjusted for age and stratified by gender. Variance inflation factor
(VIF) was performed to test the independency of the variables and
avoid collinearity. All factors included in the model had a VIF <10,
therefore meeting the credentials.

Total cdFI score, as determined from the dietary pattern-cdFI,
was further split into quintiles. Box plots were used to examine
variable distribution by upper and lower FI split into the lower 2
quintiles (Q1&Q2) and the upper 3 quintiles (Q3—Q5) and graphed
by gender. This was performed since dietary pattern-cdFI was
originally created to predict children at risk for overweight and
obesity, therefore the distribution of other risk factors with lower
and higher scores was deemed necessary.

Univariate and multiple logistic regression analysis was used to
examine the relationship between child's weight status and the
multiple explanatory variables viewed in this paper. Crude
and adjusted Odds ratios (OR) with 95% confidence intervals are
presented. The significance of the model was tested using Likeli-
hood Ratio test (LR test). All reported P-values were based on
two-sided hypothesis tests, with significance level at 5%. The
statistical models were computed using STATA 12.0 (STATA corp.
Texas).

Table 1
Participant characteristics including anthropometric and behavioral variables.
Child characteristics Total SD Boys Girls P-value®
Total children N (%) 4434 2164 2270
(48.8) (51.2)

Age (years) 1090 0.70 1096 10.88  <0.001¢
Height (m) 1.50 0.10 1.49 15 <0.001¢
Weight (kg) 4570 1091 457 4569  0.971¢
Waist circumference (cm) 68.61 9.60 69.80 67.40 <0.001¢
BMI (kg/m?) 2024 371 2037 2013 0.034°
Weight status™® (%)

Under- & Normal weight 58.36 56.93 59.72 0.091¢

Overweight 29.71 30.18 29.26

Obese & morbid obese 11.93 12.89 11.02
Dietary pattern-cdFI 34.81 5.01 3493 34.70 0.069¢

total score
Total sleep time (h/day) 9.10 1.51 8.90 9.30 <0.001¢
Total screen time (h/day) 241 1.56 2.52 231 <0.001¢
Total study time (h/day) 2.61 1.30 247 2.76 <0.001¢
Meals per day” (%)

1 10.62 11.02 10.25 0.088°

2 20.97 21.99 20.00

3 31.45 31.49 31.42

4 23.06 2223 23.84

5 10.55 9.54 11.51

6 3.34 3.72 2.98
Ordering Eating out” (%)

Never 8.65 8.36 8.96 0.02¢

1-2 times/month 58.30 60.61 55.86

1 time/wk 21.68 20.70 22.71

2 times/wk 8.77 8.32 9.25

3—6 times/wk 2.04 1.54 2.57

Every day 0.55 0.47 0.64

Significant differences are shown in bold.
BMI, Body Mass Index; cdFl, child derived Food Index.
2 BMI categorized as per IOTF (International Obesity Task Force) standards.
b Categorical variables, depicted with frequencies and percentages in ( ).
¢ Significant at 0.05 level, compared by gender.
d Tested via Student t-test.
€ Tested via chi-square test.

3. Results

The basic total and gender specific characteristics of the study
population are shown in Table 1. Mean values along with their
standard deviation (SD) are depicted for continuous variables, and
frequencies with percentages presented for, categorical variables.
Statistically significant gender differences in anthropometric mea-
surements were found in the mean values for height, age, waist-
circumference and BMI. BMI categories, as per IOTF standards, did
not significantly differ (p = 0.091).

Gender differences were also found in sleep duration, total
screen and study time, frequency of eating while watching TV
per day, in family meals and frequency of eating out on a weekly
basis.

3.1. Distribution

The box plot (Fig. 1) presents in detail the distribution of
behavior variables in respect to the dietary pattern-cdFL

3.1.1. Results in total population

Mean BMI was lower among children scoring at the upper
quintile range compared to the lower 2 quintiles (p = 0.03), with
mean BMI being 0.25 units lower in children scoring at the upper
quintile range versus the lower 2 quintiles.
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Fig. 1. Children's Sleep, Screen and Study hour distribution by child derived Food Index quintile level.

3.1.2. Results by gender

Total screen hours per day were lower in both genders, while
the median for sleep duration was significantly higher in males but
not females, among children scoring at the upper 3 quintiles. An
increasing trend across the FI quintiles was found for total sleep and
study hours. A decreasing trend was observed for total screen time
and BMI (data not shown). Boys in the upper quintiles, but not girls,
reported more study hours.

3.2. Multiple linear and logistic regression

A multiple regression was run to predict dietary pattern-cdFI
score from BMI, total sleep, screen and study time, and frequency
of: (i) eating while on some screen, (ii) meals per day, (iii) family
meals and (iv) eating/ordering out. Model was adjusted by age. All
variables, excluding meals per day (Table 2), significantly predicted

dietary pattern-cdFI score (F = 12.46, p < 0.001) with the model
explaining 6.4% of the variance.

3.2.1. Results in total population

Overweight and obese children had a lower dietary pattern-cdFI
score, compared to their normal weight peers (—0.45 (0.16) 95%
Cl —0.77, —0.14), when the mean of the other variables was kept
constant as seen in Table 2. Total screen time (—0.34 (0.05) 95%
Cl —0.45, —0.24), frequency of eating while on some screen (—0.25
(0.07) 95% CI —0.4, —0.11) and frequency of eating/ordering out
(-0.83 (0.09) 95% CI —1.01, —0.65), were lower for children
achieving a higher cdFI score. Sleep duration (0.13 (0.05); 95% CI
0.03, 0.24), total study hours (0.22 (0.06) 95% CI 0.09, 0.34), and
frequency of having family meals per week (0.27 (0.06) 95% CI 0.15,
0.38) increased as cdFI score increased. Significant gender differ-
ences were found in weight status, total sleep time and with

Table 2

Behavioral variables associated with total child derived Food Index (cdFI) score, stratified by gender.
Dietary pattern-cdFI total score Total Males Females

B-coef. 95% CI B-coef. 95% CI B-coef. 95% CI

Weight status® —0.45** -0.77, -0.14 -0.34 -0.8,0.12 —0.58** -1.02, -0.15
Total sleep time (h/d) 0.13* 0.03, 0.24 0.24** 0.09, 0.39 0.03 -0.13,0.18
Total screen time® (h/d) —0.34*** —0.45, -0.24 —0.2 *** -043, -0.14 —0.42%** -0.5, -0.26
Total study hours® (h/d) 0.22%** 0.09, 0.34 0.26™* 0.09, 0.44 0.17* 0.01, 0.34
Eating while on some screen’ —0.25*** -0.40, -0.11 -0.105 -0.31, 0.1 —0.40*** -0.61, -0.19
Meals per day® 0.02 -0.11,0.14 —0.04 -0.23, 0.15 0.05 -0.12,0.22
Family meals® 0.27** 0.15,0.38 0.30*** 0.12, 0.47 0.25** 0.09, 0.4
Order/Eat out® —0.83** -1.01, -0.65 —0.79*** —1.04, -0.53 -0.86*** -1.12-0.6
Age -0.36 -0.57, -0.15 —0.49 -0.79, -0.18 -0.16 —-0.45, 0.13

OW, overweight children; OB, obese children; cdFlI, child derived Food Index; BMI, Body Mass Index; h/d, hours per day; Values were significantly different between the
reference level and other levels within a given characteristic: *P < 0.05; **P < 0.01; ***P < 0.001.
2 OW&OB children relative to Healthy weight children (reference level); BMI used as an indicator variable.
Measured as total screen time, in h/day, including TV-viewing, pc and video games.
Measured as total studying, in h/day; used as a proxy for other sedentary times.
Frequency per day: 1 to 6 times per day.

b
c
d
¢ Frequency per week: Never-rarely, 1—2 times/wk, 3—4 times/wk, 5—6 times/wk, every day.
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frequency of eating while on some screen. More specifically, fe-
males (but not males) with higher weight status and with higher
mean frequency while on some screen had a significant lower di-
etary pattern-cd-FI (B-coef: —0.58; 95% CI: —1.02, —0.15 and B-coef:
0.40; 95% CI: —0.61, —0.19). Also, the dietary pattern-cdFI score was
significantly correlated with sleep duration in males only (B-coef:
0.24; 95% CI: 0.09, 0.39).

Univariate and multiple logistic regression results are shown in
Table 3, depicted of behavioral factors and cdFI score on children's
weight status. As the table depicts, all crude explanatory variables
were significantly associated with children's weight status. When
entered in the model as shown in the table, the effect of total screen
time was nulled (OR: 1.04; 95% CI: 0.99, 1.08). Age, unlike gender,
was also significant in the model; the higher the age the less likely
the overweight (22%) risk. The Likelihood Ratio test performed for
the model as a whole was significant (p < 0.001), demonstrating
that the independent variables entered in the model were related
to children's weight status and increased the model's likelihood of
predicting child overweight and obesity.

4. Discussion

The present study investigated the relationship between a child
derived food pattern with behaviors linked to the obesity epidemic,
including sleep duration, total screen time, and other eating be-
haviors. Study time, a factor that adds to sedentary time in school
aged children and has not been extensively studied, was also
examined. The result of each on children's weight status, in uni-
variate and multivariate analysis was examined, accounting for
residual confounding by these already known obesogenic variables.

The dietary pattern-cdFI is a food pattern that incorporates
‘unhealthy’ food items along with healthy foods, and was derived to
predict children at risk for overweight and obesity [11]. Results
from this study suggest a relationship between total cdFI score,
sleep, screen, frequency of family meals, frequency of eating out,
and frequency of eating while watching TV with the cdFI score
being inversely associated with total screen time and positively
associated with sleep duration and total study hours. Child derived
FI dietary pattern decreased by 0.33 for every hour increase in

Table 3

Crude and Adjusted Odds Ratios of overweight and obese children compared to their
healthy weight peers as per total dietary pattern-cdFI score achieved and other
behavioral factors.

BMI (kg/m?) OR? 95% CI OR" 95% CI
Dietary pattern-cdFI 0.98 0.97, 0.99 0.98 0.97, 0.99

total score
Total sleep time (h/d) 0.91 0.88,0.95 0.92 0.88, 0.96
Total screen time® (h/d) 1.05 1.01, 1.1 1.04 0.99, 1.08
Total study hours® (h/d)  1.05 1.01,1.1 1.06 1.01, 1.12
Meals per day®

1-3 meals/day Reference Reference

4—6 meals/day 0.84 0.74,095 0.86 0.75, 0.97
Family meals per week'

1-3 f. meals/wk Reference Reference

4—6 f. meals/wk 0.83 0.73, 0.94 0.84 0.74, 0.95

LR test for model p < 0.001

OR, Odds Ratio; CI, Confidence Interval; BMI, Body Mass Index; cdFI, child derived
Food Index; LR test: Likelihood Ratio test.

2 Crude odds ratios per variable; Reference baseline category: healthy weight
children.

b Adjusted Odds ratios for all variables in the model as shown in the table
including age and gender.

¢ Measured as total screen time, in h/day, including TV-viewing, pc and video
games.

d Measured as total studying, in h/day; used as a proxy for other sedentary times.

€ Meals per day in two categories.

f Family meals per week in two categories.

screen time, whereas with every extra hour children slept or
studied the total cdFI score increased by 0.15 and 0.21 respectively.
Other researchers have also found sleep and food intake relations
with Hart et al. (2013) reporting lower food intake among children
that increased sleep duration [22], and Kjeldsen et al. (2014)
reporting that short sleep duration may be associated with poor-
obesity promoting diet in children upon adjusting for screen time
and physical activity [16]. Other studies have also found an inverse
association of specific dietary patterns and TV-viewing [23] or total
screen time [24]. Researchers have also related screen time or “TV-
viewing” with elements of a less healthy diet supported by this
study which associates total screen time with a lower cdFI dietary
pattern. In more detail, children with greater TV or screen time
were found to consume less fruit and vegetables [17,25—27], more
fast food [25,27,28], more energy dense food, drink more sodas, and
have a higher energy intake [5,29,30]; foods that are all included in
the cdFI-dietary pattern. This is further supported by Olafsdottir
et al. (2014) that found that the likelihood of consuming sweetened
beverages increased with TV total hours but also by commercial
exposure [31].

This study also found that the greater the mean frequency of
eating while on some screen and eating out the lower the cdFI
score, whereas more frequent family meals resulted to a signifi-
cantly higher dietary pattern-cdFI score. Total meals per day did not
affect the score. Some associations differed between genders, with
cdFI score being significantly lower among overweight and obese
girls but not boys, and higher in boys that reported to sleep and
study more, but not in girls. This may partly be explained by sig-
nificant waist circumference differences observed between genders
and by the higher mean sleep duration reported by girls, whereas
the range on total sleep hours was larger among boys as seen in the
distribution plots.

Overall the expected dietary pattern-cdFI score was 0.45 units
lower among overweight and obese children compared to 0.057
when the model contained only age and sedentary factors [11], in
relation to their normal weight peers. This suggests that including
these factors in the analysis increased the index's potential pre-
dictive ability. This association was significant in the total sample
and for females, whereas not in males. The model was not altered
when physical activity was included (data not shown) hence was
not accounted for, to decrease risk of over-adjusting, and in order to
maintain the model simple.

In view of these associations, the odds of being overweight or
obese among school aged children was examined, by dichoto-
mizing the BMI variable. The likelihood of children being over-
weight or obese, was lower for children achieving a higher dietary
pattern-cdFI, score slept more, studied less, had more frequently
family meals and consumed more meals per day. More specif-
ically, for each hour increase in total study hour, the likelihood of
a child being overweight or obese increased by 6%, while with
each hour of sleep duration the likelihood decreased by 8%. Meals
per day, frequency of family meals were also significant to BMI
status. The obesogenic effect of total screen time was nulled when
entered in a multiple logistic regression model as has also been
shown by others [5,17,28,32,33]. Pérez-Farinds et al. (2017),
however, found that high screen time and short sleep duration
were associated with increased BMI [17], but these were sepa-
rately examined. These findings may suggest that the types and
quantity of food, and the frequency that children eat while
watching TV, and not total screen time, may be the factors leading
to overweight and obesity.

The outcome of total study time, was significant in the model
and was inversely associated with an increased likelihood of chil-
dren being overweight or obese. Study hours were negatively
associated with children's BMI status [10], but positively with total
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cdFI score, as the current study showed. The mechanism behind
this association is not clear since to date study time has not been
well studied, although it seems that study time greatly increases
total inactivity time. More studies evaluating similar child age
populations may increase the understanding behind this ‘new’
potential obesogenic factor.

It must be underlined that in contrast to our study that exam-
ined total screen time, most studies have assessed TV-viewing in
relation to the child overweight epidemic [28,32,33]. This along
with the incorporation of total study time as an extra inactivity
variable that children accommodate in their daily lives may explain
the different results obtained in relation to other researchers. By
assessing total screen time other media types are accounted for,
including gaming, tablets and computer use, therefore strength-
ening the results of the study. Another strength is the use of a
previously validated dietary pattern for children, that includes
healthy and potentially obesogenic foods. The relationship of
behavioral risk factors was therefore viewed on the diet as a whole,
accounting for diet heterogeneity as well.

Although no causal associations can be drawn due to the cross-
sectional nature of the study, the study's large sample size enables
inferences to be drawn. Behavioral data were self-reported, but
potential misreporting was random considering the large sample
size. Selection bias was minimized by obtaining randomly sampled,
from the whole region of Greece. Measurement error was reduced
through personnel training.

Health professionals can use this information to add to their
research strategies and implementations, since food intake, screen
time, sleep and study time are all modifiable risk factors. Changing
habits in childhood can prevent and reduce overweight and obesity
epidemic. Although life changes may have occurred the past years
in Greece the results of this study should not be disregarded.

5. Future research

The results of this study may form the basis for implementing
public health policies but most importantly for designing inter-
vention studies addressing children's dietary habits (either school
oriented or specific overweight group targeted), most of which to
date have no or very small effect. It must be recognized that in
order to prevent or decrease childhood obesity interventions may
need to target behavioral factors, specific dietary patterns and
eating habits, in a reasonable time span.

Statement of authorship

The GRECO study started and was conducted from the Agricul-
tural University of Athens. Responsibilities of A.Z., D.B.P, G.R. and
PF. included study design and field work supervision. Statistical
analysis was performed and overall write up was performed by
E.M., and D.B.P, E.M.,, and A.Z. interpreted the data. Data manage-
ment and database preparation was performed by all authors, All
authors participated in writing the final version of the submitted
paper. The authors have no competing interests.

Sources of funding

The study was funded by the General Secretariat of Consumers-
Greek Ministry of Development, Hellenic Association of Food and
Beverage Companies, FAGE S.A., Coca Cola Hellas, Coca Cola Hel-
lenic Bottling Company, Cereal Partners Hellas, Unilever Hellas,
Nestle Hellas, Kraft Foods Hellas. The European Union (European
Social Fund — ESF) has co-financed the research as well as the Greek
national funds through the Operational Program “Education and
Lifelong Learning” of the National Strategic Reference Framework

(NSRF) — Research Funding Program: Heraclitus II. Investing in
knowledge society through the European Social Fund.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Compliance with ethical standards

Ethical Standards The Agricultural University of Athens
research committee approved procedures as well as the Hellenic
Ministry of Education (Department of Primary Education) as the
law provides in Greece for any studies conducted at school during
formal working hours. Data protection regulations were observed
in the survey. Signed informed consent was obtained from main
caregiver prior to enrolling the children in the study.

References

[1] Birch LL, Fisher JO. Development of eating behaviors among children and

adolescents. Pediatrics 1998;101(S2):539—49.

Birch LL, Davison KK. Family environmental factors influencing the developing

behavioral controls of food intake and childhood overweight. Pediatr Clin

North Am 2001;48(4):893—907.

Cappuccio FP, Taggart FM, Kandala N, Currie A, Peile E, Stranges S, et al. Meta-

analysis of short sleep duration and obesity in children and adults. Sleep-New

York then Westchester 2008;31(5):619. https://doi.org/10.1038/sj.ijo.0803266.

Chen X, Beydoun MA, Wang Y. Is sleep duration associated with childhood

obesity? A systematic review and meta-analysis. Obesity 2008;16(2):265—74.

https://doi.org/10.1038/oby.2007.63.

Dubois L, Farmer A, Girard M, Peterson K. Social factors and television use

during meals and snacks is associated with higher BMI among pre-school

children. Public Health Nutr 2008;11(12):1267—79. https://doi.org/10.1017/
$1368980008002887.

Gable S, Chang Y, Krull JL. Television watching and frequency of family meals

are predictive of overweight onset and persistence in a national sample of

school-aged children. ] Am Diet Assoc 2007;107(1):53—61.

Martinez-Gomez D, Tucker J, Heelan KA, Welk GJ, Eisenmann JC. Associa-

tions between sedentary behavior and blood pressure in young children.

Arch Pediatr Adolesc Med 2009;163(8):724—30. https://doi.org/10.1001/

archpediatrics.2009.90.

Grentved A, Ried-Larsen M, Meller NC, Kristensen PL, Wedderkopp N,

Froberg K, et al. Youth screen-time behaviour is associated with cardiovas-

cular risk in young adulthood: the European Youth Heart Study. Eur ] Prev

Cardiol 2014;21(1):49—56. https://doi.org/10.1177/2047487312454760.

Falbe J, Rosner B, Willett WC, Sonneville KR, Hu FB. Adiposity and different

types of screen time. Pediatrics 2013;132(6):e1497—505. https://doi.org/

10.1542/peds.2013-0887.

[10] Farajian P, Panagiotakos DB, Risvas G, Malisova O, Zampelas A. Hierarchical
analysis of dietary, lifestyle and family environment risk factors for childhood
obesity: the GRECO study. Eur J Clin Nutr 2014;68(10):1107—12. https://
doi.org/10.1038/ejcn.2014.89.

[11] Magriplis E, Farajian P, Risvas G, Panagiotakos DB, Zampelas A. Newly derived
children-based food index. An index that may detect childhood overweight
and obesity. Int J Food Sci Nutr 2015;66(6):623—32. https://doi.org/10.3109/
09637486.2015.1056109.

[12] Kleiser C, Mesink GB, Scheidt-Nave C, Kurth BM. HuSKY: a healthy nutrition
score based on food intake of children and adolescents in Germany. Br ] Nutr
2009;102(04):610—8. https://doi.org/10.1017/S0007114509222689.

[13] Nedeltcheva AV, Kilkus JM, Imperial ], Kasza K, Schoeller DA, Penev PD. Sleep
curtailment is accompanied by increased intake of calories from snacks. Am ]
Clin Nutr 2009;89(1):126—33. https://doi.org/10.3945/ajcn.2008.26574.

[14] Lazarou C, Soteriades ES. Children's physical activity, TV watching and obesity
in Cyprus: the CYKIDS study. Eur ]J Public Health 2010;20(1):70—7. https://
doi.org/10.1093/eurpub/ckp093.

[15] Golley RK, Maher CA, Matricciani L, Olds TS. Sleep duration or bedtime?
Exploring the association between sleep timing behaviour, diet and BMI in
children and adolescents. Int ] Obes 2013;37(4):546—51. https://doi.org/
10.1038/ij0.2012.212.

[16] Kjeldsen ]S, Hjorth MF, Andersen R, Michaelsen KF, Tetens I, Astrup A, et al.
Short sleep duration and large variability in sleep duration are independently
associated with dietary risk factors for obesity in Danish school children. Int J
Obes 2014;38(1):32—9. https://doi.org/10.1038/ijo.2013.147.

[17] Pérez-Farinés N, Villar-Villalba C, Sobaler AM, Saavedra MA, Aparicio A,
Sanz SS, et al. The relationship between hours of sleep, screen time and fre-
quency of food and drink consumption in Spain in the 2011 and 2013 ALA-
DINO: a cross-sectional study. BMC Public Health Jan 6 2017;17(1):33. https://
doi.org/10.1186/s12889-016-3962-4.

2

3

[4

[5

(6

(7

[8

[9


http://refhub.elsevier.com/S0261-5614(18)30016-5/sref1
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref1
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref1
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref2
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref2
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref2
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref2
https://doi.org/10.1038/sj.ijo.0803266
https://doi.org/10.1038/oby.2007.63
https://doi.org/10.1017/S1368980008002887
https://doi.org/10.1017/S1368980008002887
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref6
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref6
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref6
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref6
https://doi.org/10.1001/archpediatrics.2009.90
https://doi.org/10.1001/archpediatrics.2009.90
https://doi.org/10.1177/2047487312454760
https://doi.org/10.1542/peds.2013-0887
https://doi.org/10.1542/peds.2013-0887
https://doi.org/10.1038/ejcn.2014.89
https://doi.org/10.1038/ejcn.2014.89
https://doi.org/10.3109/09637486.2015.1056109
https://doi.org/10.3109/09637486.2015.1056109
https://doi.org/10.1017/S0007114509222689
https://doi.org/10.3945/ajcn.2008.26574
https://doi.org/10.1093/eurpub/ckp093
https://doi.org/10.1093/eurpub/ckp093
https://doi.org/10.1038/ijo.2012.212
https://doi.org/10.1038/ijo.2012.212
https://doi.org/10.1038/ijo.2013.147
https://doi.org/10.1186/s12889-016-3962-4
https://doi.org/10.1186/s12889-016-3962-4

316

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

E. Magriplis et al. / Clinical Nutrition 38 (2019) 310—316

Te Velde SJ, Van Nassau F, Uijtdewilligen L, Van Stralen MM, Cardon G, De
Craemer M, et al. Energy balance-related behaviours associated with over-
weight and obesity in preschool children: a systematic review of prospective
studies. Obes Rev 2012;13(s1):56—74. https://doi.org/10.1111/j.1467-
789X.2011.00960.x.

Farajian P, Panagiotakos DB, Risvas G, Karasouli K, Bountziouka V,
Voutzourakis N, et al. Socio-economic and demographic determinants of
childhood obesity prevalence in Greece: the GRECO (Greek Childhood
Obesity) study. Publ Health Nutr 2013;16(02):240—7. https://doi.org/10.1017/
$1368980012002625.

Farajian P, Karasouli K, Risvas G, Panagiotakos DB, Zampelas A. Repeatability
and validity of a food frequency and dietary habits questionnaire in children.
Circulation 2009;119:e288.

Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for
thinness, overweight and obesity. Pediatr Obes 2012;7(4):284—94. https://
doi.org/10.1111/j.2047-6310.2012.00064.X.

Hart CN, Carskadon MA, Considine RV. Changes in children's sleep duration on
food intake, weight, and leptin. Pediatrics 2013;132(6):e1473—80. https://
doi.org/10.1542/peds.2013-1274.

Sisson SB, Broyles ST, Robledo C, Boeckman L, Leyva M. Television viewing and
variations in energy intake in adults and children in the USA. Public Health
Nutr 2012;15(04):609—17. https://doi.org/10.1017/S1368980011002916.
Lazarou C, Panagiotakos DB, Spanoudis G, Matalas AL. E-KINDEX: a dietary
screening tool to assess children's obesogenic dietary habits. ] Am Coll Nutr
2011;30(2):100—12.

Lipsky LM, lannotti R]. Associations of television viewing with eating behaviors in
the 2009 health behaviour in school-aged children study. Arch Pediatr Adolesc
Med 2012;166(5):465—72. https://doi.org/10.1001/archpediatrics.2011.1407.
Gebremariam MK, Bergh IH, Andersen LF, Ommundsen Y, Totland TH,
Bjelland M, et al. Are screen-based sedentary behaviors longitudinally

[27]

(28]

[29]

[30]

[31]

[32]

(33]

associated with dietary behaviors and leisure-time physical activity in the
transition into adolescence? Int ] Behav Nutr Phys Activ 2013;10(1):1. https://
doi.org/10.1016/j.jada.2006.10.010.

Pearson N, Biddle SJ, Williams L, Worsley A, Crawford D, Ball K. Adolescent
television viewing and unhealthy snack food consumption: the mediating role
of home availability of unhealthy snack foods. Public Health Nutr
2014;17(02):317—23. https://doi.org/10.1017/S1368980012005204.
Borghese MM, Tremblay MS, Leduc G, Boyer C, Bélanger P, LeBlanc AG, et al.
Independent and combined associations of total sedentary time and television
viewing time with food intake patterns of 9-to 11-year-old Canadian children.
Appl Physiol Nutr Metabol 2014;39(8):937—43. https://doi.org/10.1139/
apnm-2013-0551.

Campbell K], Crawford DA, Ball K. Family food environment and dietary be-
haviors likely to promote fatness in 5—6 year-old children. Int ] Obes
2006;30(8):1272—80.

Utter ], Scragg R, Schaaf D. Associations between television viewing and
consumption of commonly advertised foods among New Zealand children
and young adolescents. Public Health Nutr 2006;9(05):606—12.

Olafsdottir S, Eiben G, Prell H, Hense S, Lissner L, Marild S, et al. Young chil-
dren's screen habits are associated with consumption of sweetened beverages
independently of parental norms. Int ] Publ Health 2014;59(1):67—75. https://
doi.org/10.1007/s00038-013-0473-2.

Mitchell JA, Rodriguez D, Schmitz KH, Audrain-McGovern ]. Greater screen
time is associated with adolescent obesity: a longitudinal study of the BMI
distribution from ages 14 to 18. Obesity 2013;21(3):572—5. https://doi.org/
10.1002/0by.20157.

Fuller-Tyszkiewicz M, Skouteris H, Hardy LL, Halse C. The associations be-
tween TV viewing, food intake, and BMI A prospective analysis of data from
the Longitudinal Study of Australian Children. Appetite 2012;59(3):945—8.
https://doi.org/10.1016/j.appet.2012.09.009.


https://doi.org/10.1111/j.1467-789X.2011.00960.x
https://doi.org/10.1111/j.1467-789X.2011.00960.x
https://doi.org/10.1017/S1368980012002625
https://doi.org/10.1017/S1368980012002625
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref20
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref20
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref20
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://doi.org/10.1542/peds.2013-1274
https://doi.org/10.1542/peds.2013-1274
https://doi.org/10.1017/S1368980011002916
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref24
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref24
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref24
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref24
https://doi.org/10.1001/archpediatrics.2011.1407
https://doi.org/10.1016/j.jada.2006.10.010
https://doi.org/10.1016/j.jada.2006.10.010
https://doi.org/10.1017/S1368980012005204
https://doi.org/10.1139/apnm-2013-0551
https://doi.org/10.1139/apnm-2013-0551
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref29
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref29
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref29
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref29
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref29
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref30
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref30
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref30
http://refhub.elsevier.com/S0261-5614(18)30016-5/sref30
https://doi.org/10.1007/s00038-013-0473-2
https://doi.org/10.1007/s00038-013-0473-2
https://doi.org/10.1002/oby.20157
https://doi.org/10.1002/oby.20157
https://doi.org/10.1016/j.appet.2012.09.009

	The relationship between behavioral factors, weight status and a dietary pattern in primary school aged children: The GRECO ...
	1. Introduction
	2. Materials & methods
	2.1. Procedure
	2.2. Assessment of predictors
	2.2.1. Dietary and behavioral factors (Questionnaire)
	2.2.2. Eating behavior

	2.3. Assessment of outcomes
	2.3.1. Anthropometric measurements
	2.3.2. Dietary pattern-cdFI

	2.4. Statistical analysis

	3. Results
	3.1. Distribution
	3.1.1. Results in total population
	3.1.2. Results by gender

	3.2. Multiple linear and logistic regression
	3.2.1. Results in total population


	4. Discussion
	5. Future research
	Statement of authorship
	Sources of funding
	Conflicts of interest
	Compliance with ethical standards
	References


