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1 | INTRODUCTION

Over the last four decades, the prevalence of overweight and obesity
has increased in all age groups and is expected to continue increasing
over the coming decades.! In Europe, 7.9% of preschool children and
one in three school-aged children have overweight or obesity.? The
health consequences of overweight and obesity extend from child-
hood to adulthood, making it increasingly difficult to prevent excess
weight successfully in the long term® as children with excess weight
in adolescence are more likely to have obesity as adults.* It is widely
recommended that obesity prevention strategies focus on early
childhood,” since those focusing on late childhood and adolescence
are less effective given that lifestyle behaviours, such as eating and
activity, are formed and established during the early years of life.>”
Obesity is a multifactorial disease,® shaped by individual, sociocul-
tural, community and other factors and follows a social gradient.
Regarding lifestyle factors, evidence points to the synergetic effect of
multiple lifestyle behaviours related to diet, physical activity (PA) and
sedentary behaviours, collectively referred to as energy balance-related
behaviours (EBRBs), associated with increased risk of overweight and
obesity.” Previous studies in young population groups have examined

10-12 3nd cardiovas-

patterns of EBRB and their association with obesity
cular disease risk*® in groups with unhealthy patterns. However, avail-
able literature in preschool children is scarce.

Previous results from the European multicentre ToyBox-study in
preschool children indicated that low socioeconomic status was asso-
ciated with consumption of high energy-dense foods, increased
screen time (ST), and low levels of PA, but it did not address associa-
tions with obesity risk.1*> Low PA levels and high ST were also asso-
ciated with energy-dense foods (sweets, desserts and salty snacks)
and beverage consumption (fizzy drinks).1¢”

The development of effective obesity prevention interventions is
even more relevant in the post-COVID-19 era as scientific evidence
from young population groups indicate changes in dietary-lifestyle
behaviours accompanied by a reduction in PA levels and lower energy
expenditure that negatively affect body composition.*®? Evaluating
the synergetic effect of EBRB instead of individual lifestyle

Results: Longitudinal results indicate that participants having a low Diet Quality
Index (DQI), not meeting ST and step recommendations at TO and T1 had higher odds
of having overweight/obesity at T1 (odds ratio [OR] = 1.116; 95% confidence inter-
val [Cl] = 1.104-2.562) than those children having a high DQI and meeting ST and
step recommendations at TO and T1. Similarly, participants having a high DQI, but
not meeting ST and step recommendations at TO and T1 had increased odds of hav-
ing overweight/obesity (OR = 2.515; 95% Cl = 1.171-3.021).

Conclusions: The proportion of participants having a low DQI, not adhering to both
step and ST recommendations was very high, and it was associated with a higher

probability of having overweight and obesity.

dietary quality; physical activity; preschoolers; sedentary behaviours, childhood obesity

determinants might prove to be more effective in identifying and pro-
moting a healthy lifestyle as well as more informative to assist in the
development of successful childhood obesity prevention programs.
Therefore, the objective of this study is to examine the cross-sectional
and longitudinal associations (baseline, TO and follow-up, T1) between
diet, ST and step recommendations and risk of overweight and obesity
in European preschoolers participating in the ToyBox-study.

2 | METHODOLOGY

21 | Study protocol

The ToyBox-study (www.toybox-study.eu) is a cluster-randomized
controlled trial aiming to prevent obesity in preschool children. It was
conducted in six European countries, namely Belgium, Bulgaria,
Germany, Greece, Poland and Spain. The detailed study protocol is
described elsewhere.?® The ToyBox-study is registered in Clinical.
trials.gov (ID: NCT02116296) and adhered to the Declaration of Hel-
sinki and the conventions of the Council of Europe on human rights
and biomedicine. In all countries, ethical approval was obtained from
their respective ethical committees and local authorities. Parents/
caregivers were asked for written informed consent for the participa-
tion of their child in the study.

2.2 | Sampling

In total, 309 kindergarteners and 7056 children aged 3.5-6 years
were recruited at TO and 5529 children at T1 to participate in the
Toybox-study. Data collection was carried out between May and June
2012 (TO) and between May and June 2013 (T1). ToyBox is a
kindergarten-based, family-involved intervention during 24 weeks,
which targets key behaviours related to early childhood obesity, that
is, drinking, eating and snacking, PA and sedentary behaviour and their
determinants, in preschool children.?° For the purpose of this study,
718 preschool children, from the control group of the ToyBox-study,
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with complete information on the food frequency questionnaire (FFQ)

and pedometer outputs at TO and T1 were included.

2.3 | Anthropometric measures

Trained researchers visited the kindergartens and measured children's
body weight and height according to standardized protocols.2 Body
weight was measured in underwear and without shoes using an elec-
tronic scale (Type SECA 861 or SECA 813) to the nearest 0.1 kg, and
body height was measured with a telescopic height instrument (Type
SECA 225 or SECA 214) to the nearest 0.1 cm. Body mass index
(BMI) was calculated as weight (kg) divided by squared height (m?).
Weight status (normal weight, overweight and obese) was categorized

based on the Cole et al. criteria.??

24 | Physical activity

Preschool children wore a motion sensor both at baseline and follow-
up to objectively measure their steps per day. The devices were worn
on the right hip (secured by an elastic waistband) for six consecutive
days, including two weekend days.?® The pedometer Omron Walking
Style Pro pedometer (HJ-720IT-E2) was chosen to assess the number
of steps per day, except in Belgium, where Actigraph accelerometers
(type GT1M and GT3X(+)) were used. Step counts from the pedome-
ter and the accelerometer were comparable and the evidence of valid-
ity in the ToyBox preschool children indicated high correlations (daily,
r = 0.89) suggesting that the Omron Walking Style Pro pedometer is
a valid and accurate measure to assess preschooler's steps per hour.?*
For the purposes of this analysis, the number of steps was further cat-
egorized into two categories, including 211 500 steps per day
(if children followed the steps recommendations) and <11 500 steps
per day (if children did not follow the steps recommendations). The

selected step count cut-offs were based on De Craemer et al.?®

2.5 | Screen time

Data on children's sedentary behaviours were collected via parentally
reported questionnaire. Behaviours assessed included watching TV and/
or DVDs and personal computer use. Parents reported frequency both
for weekdays and weekend days. The frequency categories included:
‘never’, ‘less than 30 min/day’, ‘30 min to 1 h/day’, ‘1-2 h/day’, ‘3-4 h/
day’, ‘5-6 h/day’, ‘7-8 h/day’, ‘8 h/day’ and ‘more than 8 h/day’. Aver-
age hours per day of TV/video viewing and personal computer use (sepa-
rately for weekdays and weekend days) were summed up to obtain the
ST. For the purposes of this analysis and to obtain daily ST, average
minutes per day were summed up and divided by 7 days, both for week-
and weekend days. Data were further aggregated into two categories,
including <1 h per day (if the children followed the recommendations) and
>1 h per day (if the children did not follow the recommendations). Recom-
mendations are based on the World Health Organization recommenda-
tions for preschool children including <1 h per day and >1 h per day.?®

OBESITY

2.6 | DietQuality Index

Parents reported the food and beverage consumption of their children
using a validated 37-item semi-quantitative FFQ.?” Based on this data,
the Diet Quality Index (DQI) was calculated. The DQI is an index
largely used in studies with similar characteristics to assess the overall
quality of the diet?®?? and consists of three components: (a) dietary
quality, (b) dietary diversity and (c) dietary equilibrium. Dietary quality
expresses whether the children made the optimal food quality choices
within a food group. Dietary diversity expresses the degree of varia-
tion in the diet. The diversity component was obtained by giving
points ranging from O to 9 when at least one serving of food from a
recommended food group was consumed. Dietary equilibrium refers
to the difference between the adequacy of the diet and the excess of
the intake in the diet. To compute the overall DQI, scores from the
three components were summed up and divided by 3, resulting in
scores ranging from —33% to 100%. The DQI score was categorized
based on quartiles, indicating that those participants with the score
<35 points (below median) were considered with a low DQI score and

>36 points (above median) were considered with a high DQI.

2.7 | Statistical analysis

All statistical analyses were performed using the Predictive Analyt-
ics Software (IBM SPSS Statistics for Windows) Version 20. The
analysis was done for the control group of the participants and no
differences by sex were detected when using a t test for continuous
variables and x? test for categorical variables. Initially and to evalu-
ate changes to the adherence of EBRBs between TO and T1, six
groups were established, reflecting differential combinations of
meeting or not meeting DQI, ST and/or PA recommendations. After
establishing the potential combinations of the EBRBs patterns, a
logistic regression model analysis was performed to examine the
associations between the EBRBs patterns and the risk of over-
weight and obesity. The reference group for the analysis referred to
participants having a high DQI and meeting ST and step recommen-
dations at TO or T1 (at cross-sectional and longitudinally, respec-
tively). The model was adjusted for sex, country and maternal
education. All statistical tests and corresponding p values lower than

0.05 were considered statistically significant.

3 | RESULTS

Table 1 presents the descriptive information of the sample included in
the analysis. There were significant differences between TO and T1
regarding age and BMI categories. Significant differences between TO
and T1 were also found for the number of steps per day and ST
recommendations.

Table 2 presents the results of the logistic regression analysis
(BMI as categorical variable) between patterns of EBRBs and risk of
overweight and obesity for the sample at TO and T1. Participants that
had a high DQI score, met step recommendations but did not meet ST
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TABLE 1 Descriptive characteristics of European preschool
children participating in the ToyBox-study at baseline (TO) and
follow-up (T1) (n = 718).

TO T1 p Value
Mean (SD) Mean (SD)
Age (years) 474 (0.4) 5.71(0.3) 0.003
N (%)
Sex
Boys 364 (51.4) 0.152
Girls 354 (48.6)
Maternal education (years)
<7-12 98 (13.5) 0.104
13-16 288 (40.1)
>16 327 (45.6)
BMI categories®
Normal weight 611 (85.2) 615 (85.7) <0.001
Overweight 85 (11.6) 75(10.1)
Obesity 21(2.5) 31(3.6)
Steps/day 718
<11.500 656 (91.4) 682 (95.0) 0.004
211.500 62 (8.6) 36 (5.0)
Screen time
<1 h/day 211 (29.4) 187 (26.0) 0.037
>1 h/day 507 (70.6) 531(72.3)
DQI score
Low score (£35) 544 (75.8) 554 (77.2) 0.480
High score (>36) 174 (24.2) 164 (22.8)

Abbreviations: BMI, body mass index; DQI, Diet Quality Index; TO, baseline
period; T1, follow-up period. Statistically significant values are in bold.
3BMI according to Cole's cut-off.?2

Baseline (TO)

Follow-up (T1)

recommendations had lower odds of having overweight/obesity (odds
ratio [OR] = 0.946; 95% confidence interval [Cl] = 0.345-0.989) to
those children having a high DQI and meeting ST and step recommen-
dations. Furthermore, those participants that had a low DQI score, did
not meet ST recommendations but met step recommendations had
decreased odds of having overweight/obesity (OR = 0.401; 95%
Cl = 0.134-0.898). On the other hand, participants that had a low
DQI score and did not meet ST and step recommendations had
increased odds of having overweight/obesity (OR = 2.03; 95%
Cl = 1.034-3.616) as compared to children that had a high DQI and
met ST and step recommendations at TO. In the same table, but in the
follow-up, participants that had a low DQI score, did not meet ST and
step recommendations or the participants had a high DQI score
and did not meet ST and step recommendations had increased odds
of having overweight/obesity (OR = 1.062; 95% Cl = 1.010-2.221
and OR = 2.483; 95% Cl = 1.085-2.189; respectively) compared to
those participants that had a high DQI and met ST and step recom-
mendations at T1. In the same line, participants that had a low DQI
score, meet ST recommendations but did not meet step recommenda-
tions also had increased odds of having overweight/obesity
(OR = 1.496; 95% Cl = 1.211-3.323) compared to those participants
that had a high DQI and met ST and step recommendations at T1.
Table 3 presents the findings of the longitudinal analysis as
derived from the logistic regression analysis examining EBRBs pat-
terns and risk of having overweight/obesity. Participants that had a
low DQI, did not meet ST and step recommendations, both at TO and
T1 was very high (55%) and had increased odds of having over-
weight/obesity (OR = 1.766; 95% Cl = 1.104-2.562) as compared to
participants that had a high DQI and met ST and step recommenda-
tions both at TO and T1. Similarly, participants that had a high DQI,
did not meet ST and step recommendations both at TO and T1 had
increased odds of having overweight/obesity (OR = 2.515; 95%

TABLE 2 Logistic regression analysis
assessing cross-sectional associations

N OR Cl N
DQI+ ST+ Steps+ 39 Ref Ref 25
DQI—- ST— Steps— 340 2.03 1.034-3.616 364
DQI+ ST— Steps— 115 0.691 0.143-3.341 118
DQI+ ST— Steps+ 22 0.946 0.345-0.989 12
DQI+ ST+ Steps— 53 1.341 0.815-1.932 47
DQI— ST+ Steps— 113 0.608 0.300-2.335 123
DQI- ST— Steps+ 26 0.401 0.134-0.898 6
DQI- ST+ Steps+ 10 0.333 0.184-1.545 17

OR Cl

Ref Ref

1.062 1.010-2.221
2483 1.085-2.189
3.578 0.564-1.898
0.977 0.873-2.299
1.496 1.211-3.323
0.781 0.490-1.247
0.317 0.076-0.969

between patterns of energy balance-
related behaviours and risk of overweight
and obesity at baseline (TO) and follow-
up (T1).

Note: DQI+: participants with a high Diet Quality Index score. DQI—: participants with a low Diet Quality
Index score. ST+: participants met screen time recommendations. ST—: participants did not meet screen
time recommendations. Steps-+: participants met step recommendations. Steps—: participants did not
meet step recommendations. Odds ratios (ORs) and 95% confidence intervals (Cls). Reference group:
participants with high DQI and meeting screen time and step recommendations at TO or T1. Analysis
adjusted for sex, country and maternal education. Statistically significant values are in bold.
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TABLE 3 Logistic regression analysis

- oo T Baseline
assessing longitudinal associations
between patterns of energy balance- DQI+ ST+ Steps+
related behaviours at baseline and DQI— ST— Steps—

follow-up and risk of overweight
and obesity at baseline (TO) and
follow-up (T1).

DQIl— ST— Steps+
DQl+ ST— Steps—
DQI— ST— Steps+
DQIl+ ST— Steps—

OBESITY

Follow-up N OR Cl

DQI+ ST+ Steps—+ 33 Ref Ref

DQI- ST— Steps— 389 1.766 1.104-2.562
DQI- ST Steps+ 6 1.644 0.021-2.767
DQIl+ ST— Steps— 115 2515 1.171-3.021
DQI+ ST— Steps— 35 0.767 0.017-0.956
DQI- ST Steps+ 51 1.003 0.333-1.443

Note: DQI+: participants with a high Diet Quality Index score. DQI—: participants with a low Diet Quality
Index score. ST+: participants met screen time recommendations. ST—: participants did not meet screen
time recommendations. Steps-+: participants met step recommendations. Steps—: participants did not
meet step recommendations. Odds ratios (ORs) and 95% confidence intervals (Cls). Reference group:
participants with high DQI and meeting screen time and step recommendations at TO and T1. Analysis
adjusted for sex, country and maternal education. Statistically significant values are in bold

Cl = 1.171-3.021). On the other hand, participants that had a low
DQl, did not meet ST recommendations but met step recommenda-
tions at TO and T1 had a high DQI score, did not meet ST and step
recommendations, had decreased odds of having overweight/obesity
(OR =0.767; 95% Cl =0.017-0.956) as compared to participants
that had a high DQI and met ST and step recommendations in both
times.

4 | DISCUSSION

The current study examined determinants of childhood overweight/
obesity based on three patterns of EBRB, that is, diet quality, ST and
PA, in the European preschool-aged children participating in the
ToyBox-study. The novelty of this study includes the examination of
adherence to PA and ST recommendations and dietary quality in two
time points and their synergetic effect on risk of overweight and obe-
sity in preschoolers adding to the scarce literature on this topic. Evalu-
ating the synergetic effect of EBRBs instead of individual lifestyle
behaviours might prove to be more effective in identifying and pro-
moting a healthy lifestyle as well as more informative to assist in the
development of successful childhood obesity prevention programs.

In this study, almost half of the sample of preschool children had
a low DQI and did not meet ST and step recommendations or had a
high DQI but did not meet ST and step recommendations cross-
sectionally or longitudinally. The results of observational studies
examining the association between diet and overweight/obesity
showed that low-quality diet is associated with increased risk of obe-
sity and metabolic syndrome.°~32 A systematic review showed a pos-
itive association between poor dietary quality and high body fat
indices.®33% The results of this study are in line with other studies. A
study that included Pakistani children (5-12 years of age) found that
children with eating habits characterized, for example, eating fast food
and snacks and having a sedentary lifestyle were significantly more
likely to have overweight and obesity.>>

In our study, sedentary lifestyle that included television viewing
and personal computer game use showed a significant positive associ-

ation with the risk of having overweight/obesity, and is consistent

with previous studies.>4~%® One explanation could be that increased
television viewing has been associated with a higher energy intake.>’
In another study carried out with the ToyBox sample, it was found
that sedentary behaviours were associated with the consumption of
energy-dense foods and fizzy drinks.3?

Regarding PA, the results indicated that compliance with the
steps recommendations in preschool children appears to be a protec-
tive factor against obesity. Studies that have used objective PA
assessment methods continue to report low step counts and levels of
PA in children with obesity.*® Walking, as part of regular activities
of daily living, is an ideal activity for increasing energy expenditure
and therefore a way to prevent childhood obesity; therefore more PA
interventions are needed in this population.*?

When EBRBs behaviours were combined and analyzed longitudi-
nally, the results showed that almost 43% of the preschool children
with a low DQI and low adherence to step recommendations and ST
in TO and T1 were at increased risk of having overweight and obesity.
The probability of having overweight and/or obesity was stronger
when the behaviours were studied in a synergistic; for this reason, the
authors consider that the potential synergy between EBRBs should be
examined in obesity prevention interventions, by addressing multiple
behaviours simultaneously.

In this population, in those children with a low DQI, meeting steps
recommendations seem to be related to decreased risk of overweight
and obesity and hence, its protective role should be examined in other
population groups not having an optimal diet. In fact, lifestyle inter-
ventions are more likely to be successful if they emphasize reduction
increasing participation in addition to improving diet quality.*?*3

This study has several strengths including a longitudinal design
with random selection of schools and objective measures of weight
and height. The sample is large and consists of a culturally and socio-
economically diverse population of preschool children from six differ-
ent countries across Europe. Information through questionnaires was
assessed via standardized and harmonized procedures.?®

This study has some limitations as well. Information on dietary
intake should be interpreted with caution so that it was collected via
parental self-reported questionnaires, which are prone to over- or

underreporting. Future studies should be complemented using
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biomarkers of intake. Pedometers were used to assess PA; however,
pedometers are not the gold standard in measuring preschool child
PA. In the ToyBox-study, however, a good agreement between the
pedometer and accelerometer measures was observed (r= 0.89).
The used categories of BMI to define overweight and obesity are mainly
based on statistical criteria; however, several studies observed an asso-

ciation between weight status and obesity-related complications.

5 | CONCLUSION

This study examined the relationship between diet quality and adher-
ence to step and ST recommendations with the probability to have
overweight/obesity. In this sample of preschool children, it was found
that adherence to EBRBs recommendations was associated with
decreased odds of having overweight/obesity. Preschool children and
their parents should try to increase family time spent at activities pro-
moting PA and to minimize the time spent on ST or being sedentary.
The findings indicate that public health obesity prevention efforts
should apply an integrated approach to PA and dietary intake from
early childhood. In conclusion, in European preschool children, the
proportion of participants having a low DQI, not adhering to both step
and ST recommendations was very high, and it was associated with a
high probability of developing overweight and obesity.

ACKNOWLEDGEMENTS

The ToyBox-study was funded by the Seventh Framework Pro-
gramme (CORDIS FP7) of the European Commission under grant
agreement number 245200. The content of this article reflects only
the authors' views, and the European Community is not liable for any
use that may be made of the information contained herein. BK is the
Else Kroner Senior Professor of Paediatrics at LMU—University of
Munich, financially supported by Else Kroner-Fresenius-Foundation,
LMU Medical Faculty and LMU University Hospitals.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

ORCID
Maria L. Miguel-Berges "= https://orcid.org/0000-0002-2411-9538

Luis A. Moreno "> https://orcid.org/0000-0003-0454-653X

REFERENCES

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975 to
2016: a pooled analysis of 2416 population-based measurement stud-
ies in 128-9 million children, adolescents, and adults. Lancet. 2017,
390(10113):2627-2642. doi:10.1016/50140-6736(17)32129-3

2. WHO European Regional Obesity Report 2022. 2022. https://www.
ncbi.nlm.nih.gov/pubmed/

3. Kelly A, Barlow S, Rao G, et al. Severe obesity in children and ado-
lescents: identification, associated health risks, and treatment
approaches: a scientific statement from the American Heart
Association. Circulation. 2013;128(15):1689-1712. doi:10.1161/
CIR.0b013e3182a5cfb3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Simmonds M, Llewellyn A, Owen C, Woolacott N. Predicting adult
obesity from childhood obesity: a systematic review and meta-
analysis. Obes Rev. 2016;17(2):95-107. doi:10.1111/0br.12334

De Miguel-Etayo P, Bueno G, Garagorri J, Moreno L. Interventions for
treating obesity in children. World Rev Nutr Diet. 2013;108:98-106.
doi:10.1159/000351493

Birch LVAK. Preventing childhood obesity: what works. Int J Obes.
2009;33(Suppl 1):574-581. doi:10.1038/ij0.2009.22

Dalal M, Cazorla-Lancaster Y, Chu C, Agarwal N. Healthy from the
start-lifestyle interventions in early childhood. Am J Lifestyle Med.
2022;16(5):562-569. doi:10.1177/15598276221087672

Kumar S, Kaufman T. Childhood obesity. Panminerva Med. 2018;60(4):
200-212. doi:10.23736/s0031-0808.18.03557-7

De Craemer M, De Decker E, De Bourdeaudhuij I, et al. Correlates of
energy balance-related behaviours inpreschool children: a systematic
review. Obes Rev. 2012;13(Suppl 1):513-528.

Sanchez-Oliva D, Grao-Cruces A, Carbonell-Baeza A, Cabanas-
Sanchez V, Veiga O, Castro-Pifiero J. Lifestyle clusters in school-aged
youth and longitudinal associations with fatness: the UP&DOWN
study. J Pediatr. 2018;203:317-324.e1. doi:10.1016/j.jpeds.2018.
07.092

Santaliestra-Pasias A, Mouratidou T, Reisch L, et al. Clustering of life-
style behaviours and relation to body composition in European chil-
dren. The IDEFICS study. Eur J Clin Nutr. 2015;69(7):811-816. doi:10.
1038/€jcn.2015.76

Dumuid D, Olds T, Lewis L, et al. The adiposity of children is associ-
ated with their lifestyle behaviours: a cluster analysis of school-aged
children from 12 nations. Pediatr Obes. 2018;13(2):111-119. doi:10.
1111/ijpo.12196

Bel-Serrat S, Mouratidou T, Santaliestra-Pasias A, et al. Clustering of
multiple lifestyle behaviours and its association to cardiovascular risk
factors in children: the IDEFICS study. Eur J Clin Nutr. 2013;67(8):
848-854. doi:10.1038/€jcn.2013.84

Miguel-Berges ML, Zachari K, Santaliestra-Pasias AM, et al. Clustering
of energy balance-related behaviours and parental education in
European preschool children: the ToyBox study. Br J Nutr. 2017;118:
1089-1096. doi:10.1017/s0007114517003129

Cardon G, De Bourdeaudhuij I, lotova V, et al. Health related behav-
jours in normal weight and overweight preschoolers of a large
Pan-European sample: the ToyBox-study. PLoS One. 2016;11(3):
e€0150580. doi:10.1371/journal.pone.0150580

Miguel-Berges ML, Santaliestra-Pasias AM, Mouratidou T, et al.
Combined longitudinal effect of physical activity and screen time
on food and beverage consumption in European preschool children:
the ToyBox-study. Nutrients. 2019;11(5):1048. doi:10.3390/
nu11051048

Decraene M, Verbestel V, Cardon G, et al. Compliance with the
24-hour movement behavior guidelines and associations with adiposity
in European preschoolers: results from the ToyBox-study. Int J Environ
Res Public Health. 2021;18(14):7499. doi:10.3390/ijerph18147499
Jenssen B, Kelly M, Powell M, Bouchelle Z, Mayne S, Fiks A. COVID-
19 and changes in child obesity. Pediatrics. 2021;147(5):
€2021050123. doi:10.1542/peds.2021-050123

Guerrero M, Vanderloo L, Rhodes R, Faulkner G, Moore S,
Tremblay M. Canadian children's and youth's adherence to the 24-h
movement guidelines during the COVID-19 pandemic: a decision tree
analysis. J Sport Health Sci. 2020;9(4):313-321. doi:10.1016/j.jshs.
2020.06.005

Manios Y, Androutsos O, Katsarou C, et al. Designing and implement-
ing a kindergarten-based, family-involved intervention to prevent
obesity in early childhood: the ToyBox-study. Obes Rev. 2014;15-
(Suppl 3):55-513. doi:10.1111/0br.12175

De Miguel-Etayo P, Mesana M, Cardon G, et al. Reliability of anthro-
pometric measurements in European preschool children: the ToyBox-
study. Obes Rev. 2014;15(Suppl 3):567-573. doi:10.1111/0br.12181

85U80|7 SUOWIWOD 8A1Te81D 3|dedl|dde aus Aq peueAob afe Saolle YO ‘8Sn JO S3INJ Joj A%l 8UlUO A1 UO (SUORIPUOD-PUB-SWBIW0D A8 | 1M AleIq | Ul UO//:SdNY) SUORIPUOD pue swie | 8 88S *[£20Z/0T/6T] Uo ARiqiauliuo A8|1M ezoberez @a pepsieAlun Aq 890£T 0d(I/TTTT 0T/I0pA00 A8 imAreIq1 Ul UO//:SANY WO.j pepeojumod ‘0T ‘€202 ‘0TE9LY0Z


https://orcid.org/0000-0002-2411-9538
https://orcid.org/0000-0002-2411-9538
https://orcid.org/0000-0003-0454-653X
https://orcid.org/0000-0003-0454-653X
info:doi/10.1016/S0140-6736(17)32129-3
https://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/
info:doi/10.1161/CIR.0b013e3182a5cfb3
info:doi/10.1161/CIR.0b013e3182a5cfb3
info:doi/10.1111/obr.12334
info:doi/10.1159/000351493
info:doi/10.1038/ijo.2009.22
info:doi/10.1177/15598276221087672
info:doi/10.23736/s0031-0808.18.03557-7
info:doi/10.1016/j.jpeds.2018.07.092
info:doi/10.1016/j.jpeds.2018.07.092
info:doi/10.1038/ejcn.2015.76
info:doi/10.1038/ejcn.2015.76
info:doi/10.1111/ijpo.12196
info:doi/10.1111/ijpo.12196
info:doi/10.1038/ejcn.2013.84
info:doi/10.1017/s0007114517003129
info:doi/10.1371/journal.pone.0150580
info:doi/10.3390/nu11051048
info:doi/10.3390/nu11051048
info:doi/10.3390/ijerph18147499
info:doi/10.1542/peds.2021-050123
info:doi/10.1016/j.jshs.2020.06.005
info:doi/10.1016/j.jshs.2020.06.005
info:doi/10.1111/obr.12175
info:doi/10.1111/obr.12181

MIGUEL-BERGES T AL.

_WILEY_L 7"

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ. 2000;320(7244):1240-1243.

Mouratidou T, Miguel ML, Androutsos O, et al. Tools, harmonization
and standardization procedures of the impact and outcome evalua-
tion indices obtained during a kindergarten-based, family-involved
intervention to prevent obesity in early childhood: the ToyBox-study.
Obes Rev. 2014;15(Suppl 3):553-S60. doi:10.1111/0br.12183

De Craemer M, De Decker E, Santos-Lozano A, et al. Validity of the
Omron pedometer and the actigraph step count function in pre-
schoolers. J Sci Med Sport. 2015;18(3):289-293. doi:10.1016/j.jsams.
2014.06.001

De Craemer M, De Decker E, De Bourdeaudhuij I, Verloigne M,
Manios Y, Cardon G. The translation of preschoolers' physical activity
guidelines into a daily step count target. J Sports Sci. 2014;33(10):
1051-1057. doi:10.1080/02640414.2014.981850

WHO Guidelines on Physical Activity and Sedentary Behaviour.
2020.

Mouratidou T, Mesana Graffe MI, Huybrechts |, et al. Reproducibility
and relative validity of a semiquantitative food frequency question-
naire in European preschoolers: the ToyBox study. Nutrition. 2019;
65:60-67. doi:10.1016/j.nut.2019.03.003

Huybrechts |, Vereecken C, De Bacquer D, et al. Reproducibility and
validity of a diet quality index for children assessed using a FFQ. Br J
Nutr. 2010;104(1):135-144. doi:10.1017/s0007114510000231
Vyncke K, Cruz Fernandez E, Fajo-Pascual M, et al. Validation of the
Diet Quality Index for Adolescents by comparison with biomarkers,
nutrient and food intakes: the HELENA study. Br J Nutr. 2013;
109(11):2067-2078. doi:10.1017/s0007114512004 14x

Martinez Steele E, Popkin BM, Swinburn B, Monteiro CA. The share of
ultra-processed foods and the overall nutritional quality of diets in the
US: evidence from a nationally representative cross-sectional study.
Popul Health Metr. 2017;15(1):6. doi:10.1186/s12963-017-0119-3
Monteiro CA, Levy RB, Claro RM, de Castro IR, Cannon G. Increasing
consumption of ultra-processed foods and likely impact on human
health: evidence from Brazil. Public Health Nutr. 2011;14(1):5-13. doi:
10.1017/s1368980010003241

Moreira P, Santos S, Padrao P, et al. Food patterns according to socio-
demographics, physical activity, sleeping and obesity in Portuguese
children. Int J Environ Res Public Health. 2010;7(3):1121-1138. doi:10.
3390/ijerph7031121

Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight:
systematic review and meta-analyses of randomised controlled trials
and cohort studies. BMJ. 2012;346:€7492. doi:10.1136/bmj.e7492
Asghari G, Mirmiran P, Yuzbashian E, Azizi F. A systematic review of
diet quality indices in relation to obesity. Br J Nutr. 2017;117(8):
1055-1065. doi:10.1017/50007114517000915

35.

36.

37.

38.

39.

40.

41.

42.

43.

OBESITY

Mushtag M, Gull S, Mushtaq K, Shahid U, Shad M, Akram J. Dietary
behaviors, physical activity and sedentary lifestyle associated with
overweight and obesity, and their socio-demographic correlates,
among Pakistani primary school children. Int J Behav Nutr Phys Act.
2011;8:130. doi:10.1186/1479-5868-8-130

Rivera |, Silva M, Silva R, Oliveira B, Carvalho A. Physical inactivity,
TV-watching hours and body composition in children and adoles-
cents. Arq Bras Cardiol. 2010;95(2):159-165. doi:10.1590/s0066-
782x2010005000065

Karki A, Shrestha A, Subedi N. Prevalence and associated factors of
childhood overweight/obesity among primary school children in
urban Nepal. BMC Public Health. 2019;19(1):1055. doi:10.1186/
$12889-019-7406-9

Biddle SJH, Pearson N, Salmon J. Sedentary behaviors and adiposity
in young people: causality and conceptual model. Exerc Sport Sci Rev.
2018;46(1):18-25. doi:10.1249/jes.0000000000000135
Miguel-Berges MLS-PA, Mouratidou T, Androutsos O, et al.
Associations between food and beverage consumption and different
types of sedentary behaviours in European preschoolers: the
ToyBox-study. Eur J Nutr. 2017;56(5):1939-1951. doi:10.1007/
s00394-016-1236-7

Shultz S, Browning R, Schutz Y, Maffeis C, Hills A. Childhood obesity
and walking: guidelines and challenges. Int J Pediatr Obes. 2011,
6(5-6):332-341. doi:10.3109/17477166.2011.590202

Dugan S. Exercise for preventing childhood obesity. Phys Med Rehabil
Clin N Am. 2008;19(2):205-216, vii. doi:10.1016/j.pmr.2007.11.001
Aguilar Cordero MJ, Ortegén Pifiero A, Mur Villar N, Sanchez
Garcia JC, Garcia Garcia |, Sdnchez Lépez AM. Programas de actividad
fisica para reducir sobrepeso y obesidad en nifos y adolescentes:
revisién sistematica. Nutr Hosp. 2014;30(4):727-740. doi:10.3305/nh.
2014.30.4.7680

Ara |, Vicente-Rodriguez G, Moreno LA, Gutin B, Casajus JA. La obesi-
dad infantil se puede reducir mejor mediante actividad fisica vigorosa
que mediante restriccion caldrica. Apunt Medicina de I'Esport. 2009;
44(163):111-118. doi:10.1016/51886-6581(09)70118-5

How to cite this article: Miguel-Berges ML, Mouratidou T,
Santaliestra-Pasias A, et al. Longitudinal associations between
diet quality, sedentary behaviours and physical activity and
risk of overweight and obesity in preschool children: The
ToyBox-study. Pediatric Obesity. 2023;18(10):e13068. doi:10.
1111/ijpo.13068

85U80|7 SUOWIWOD 8A1Te81D 3|dedl|dde aus Aq peueAob afe Saolle YO ‘8Sn JO S3INJ Joj A%l 8UlUO A1 UO (SUORIPUOD-PUB-SWBIW0D A8 | 1M AleIq | Ul UO//:SdNY) SUORIPUOD pue swie | 8 88S *[£20Z/0T/6T] Uo ARiqiauliuo A8|1M ezoberez @a pepsieAlun Aq 890£T 0d(I/TTTT 0T/I0pA00 A8 imAreIq1 Ul UO//:SANY WO.j pepeojumod ‘0T ‘€202 ‘0TE9LY0Z


info:doi/10.1111/obr.12183
info:doi/10.1016/j.jsams.2014.06.001
info:doi/10.1016/j.jsams.2014.06.001
info:doi/10.1080/02640414.2014.981850
info:doi/10.1016/j.nut.2019.03.003
info:doi/10.1017/s0007114510000231
info:doi/10.1017/s000711451200414x
info:doi/10.1186/s12963-017-0119-3
info:doi/10.1017/s1368980010003241
info:doi/10.3390/ijerph7031121
info:doi/10.3390/ijerph7031121
info:doi/10.1136/bmj.e7492
info:doi/10.1017/S0007114517000915
info:doi/10.1186/1479-5868-8-130
info:doi/10.1590/s0066-782x2010005000065
info:doi/10.1590/s0066-782x2010005000065
info:doi/10.1186/s12889-019-7406-9
info:doi/10.1186/s12889-019-7406-9
info:doi/10.1249/jes.0000000000000135
info:doi/10.1007/s00394-016-1236-7
info:doi/10.1007/s00394-016-1236-7
info:doi/10.3109/17477166.2011.590202
info:doi/10.1016/j.pmr.2007.11.001
info:doi/10.3305/nh.2014.30.4.7680
info:doi/10.3305/nh.2014.30.4.7680
info:doi/10.1016/S1886-6581(09)70118-5
info:doi/10.1111/ijpo.13068
info:doi/10.1111/ijpo.13068

	Longitudinal associations between diet quality, sedentary behaviours and physical activity and risk of overweight and obesi...
	1  INTRODUCTION
	2  METHODOLOGY
	2.1  Study protocol
	2.2  Sampling
	2.3  Anthropometric measures
	2.4  Physical activity
	2.5  Screen time
	2.6  Diet Quality Index
	2.7  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


