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Abstract

Objective: Little is known about the cumulative effect of obesogenic behaviours on childhood
obesity risk. We determined the cumulative effect on BMI z-score, waist-to-height ratio
(WHtR), overweight and abdominal obesity of four lifestyle behaviours that have been linked
to obesity. Methods: In this cross-sectional analysis, data were obtained from the EnKid sudy,
a representative sample of Spanish youth. The study included 1,614 boys and girls aged 5-18
years. Weight, height and waist circumference were measured. Physical activity (PA), screen
time, breakfast consumption and meal frequency were self-reported on structured question-
naires. Obesogenic behaviours were defined as <1 h PA/day, >2 h/day screen time, skipping
breakfast and <3 meals/day. BMI z-score was computed using age- and sex-specific reference
values from the World Health Organization (WHO). Overweight including obesity was defined
as a BMI > 1 SD from the mean of the WHO reference population. Abdominal obesity was
defined as a WHtR > 0.5. Results: High screen time was the most prominent obesogenic be-

Helmut Schréder and Rowaedh Ahmed Bawaked contributed equally to the study, and each can be con-
sidered first authors of this article.

Dr. Helmut Schréder

Cardiovascular Risk and Nutrition Research Group (CARIN), Program of Research in
Epidemiology and Public Health

IMIM (Institut Hospital del Mar d'Investigacions Meédiques)

Parc de Recerca Biomeédica de Barcelona Doctor Aiguader, 88, 08003 Barcelona, Spain
hschroeder @ imim.es

KARGER

Karger
pen-access


http://dx.doi.org/10.1159%2F000480403

/ECZCZLS Obes Facts 2017;10:584-596

The European Journal of Obesity DOI: 10,11259/000480403 © 2017 The Author(s). Published by S. Karger GmbH, Freiburg
www.karger.com/ofa

Schréder et al.: Cumulative Effect of Obesogenic Behaviours on Adiposity in Spanish
Children and Adolescents

haviour (49.7%), followed by low physical activity (22.4%), low meal frequency (14.4%), and
skipping breakfast (12.5%). Although 33% of participants were free of all 4 obesogenic behav-
jours, 1, 2, and 3 or 4 behaviours were reported by 44.5%, 19.3%, and 5.0%, respectively. BMI
z-score and WHtR were positively associated (p < 0.001) with increasing numbers of concur-
rent obesogenic behaviours. The odds of presenting with obesogenic behaviours were sig-
nificantly higher in children who were overweight (OR 2.68; 95% CI 1.50; 4.80) or had abdom-
inal obesity (OR 2.12; 95% CI 1.28; 3.52); they reported more than 2 obesogenic behaviours.
High maternal and parental education was inversely associated (p = 0.004 and p < 0.001,
respectively) with increasing presence of obesogenic behaviours. Surrogate markers of adi-
posity increased with numbers of concurrent presence of obesogenic behaviours. The oppo-

site was true for high maternal and paternal education. © 2017 The Author(s)
Published by S. Karger GmbH, Freiburg

Introduction

The childhood obesity epidemic is among the world’s most challenging public health
problems, with an especially high prevalence of overweight and obesity in South European
countries. At present, 38.6% of Spanish children and adolescents are overweight or obese
[1], and 16.5% have abdominal obesity [2]. The high obesity prevalence is of concern
because premature onset of related illnesses such as diabetes, hypercholesterolaemia and
non-alcoholic fatty liver disease is increased among obese children [3, 4]. Therefore, there
is an urgent need to develop effective intervention programmes to curb this troubling
epidemic.

Behaviours such as low physical activity, high screen time, skipping breakfast and low
meal frequency are prevalent in young populations [5-9], and all of them have been linked
to an increased risk of childhood obesity and therefore defined as obesogenic behaviours
[5, 6, 10-12]. Most studies investigated the individual impact of these behaviours on
obesity risk [5, 6, 10-12]. However, clustering of multiple obesity risk behaviours is well
known in young populations [13]. Furthermore, findings indicate that co-occurrence of
obesogenic behaviours is associated with lower parental socio-economic status [14, 15].
Less is known, however, about the cumulative effect of these behaviours on childhood
obesity risk [16].

It is important to determine whether adding a second unhealthy lifestyle behaviour
significantly increases the effect size of the association with weight gain or obesity. The cumu-
lative effect of the concurrent presence of low physical activity, skipping breakfast, high
screen time and low meal frequency would imply a need for multilevel intervention
programmes addressing these modifiable behaviours. In this context it is crucial to know if
the risk of co-occurrence of multiple obesity risk behaviours differs with parental socio-
economic level. We hypothesized an increase in obesity risk estimates with the co-occurrence
of one or more obesogenic behaviours and a relationship between parental socio-economic
status and the presences of more than one of these behaviours.

The aim of this study was to determine the individual and cumulative effect of low
physical activity, skipping breakfast, high screen time and low meal frequency on BMI, waist-
to-height ratio (WHtR), overweight and abdominal obesity in a nationwide representative
sample of Spanish children and adolescents. A secondary objective was to analyse the asso-
ciation between the concurrent presence of these obesity-related behaviours and parental
educational level.
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Material and Methods

Study Design and Subjects

The EnKid study on nutritional status and food habits of Spanish children and young people, which was
conducted between 1998 and 2000, was a cross-sectional survey of the Spanish population aged 2-24 years,
selected by multistage random sampling procedures based on a population census. The objective of the
EnKid study was two-fold: i) to establish the prevalence of micronutrient deficiencies in the population aged
2-24 years and ii) to analyse the association of these micronutrients with group membership (gender and
age groups). The sample size was calculated according to i) the estimated prevalence of most micronutrients
with 95% confidence interval and accuracy of 5% of the average value of the micronutrient and ii) a statis-
tical power of 80% to detect significant differences between two groups > 10% of the mean of the micronu-
trients (setting the alpha error at p = 0.05). The calculated sample size of 3,850 individuals was over-esti-
mated by 30%, resulting in a theoretical sample size of 5,500 individuals. The final sample size of the EnKid
study was 3,534 individuals. The final study sample consisted of 1,614 individuals aged 5-18 years. Data
were collected by trained dietitians during a personal interview with each participant or, for those younger
than 8 years, with the mother or the person responsible for feeding the child. All field workers received
training prior to data collection. Parental written consent was obtained on behalf of each participant under
18 years. The study protocol was approved by the ethics committee of the Spanish Society of Community
Nutrition.

Anthropometric Measurements

For each participant, the following anthropometric measurements were assessed according to standard
protocols: Body weight height, and waist circumference were measured on the day of the interview, with the
subject in underwear without shoes, using an electronic scale (to the nearest 100 g), a portable Kawe stadi-
ometer (to the nearest 1 mm) and a Hoechst metric tape (to the nearest 1 mm). Using a flexible non-stretch
tape measure, waist circumference was measured by trained interviewers in the narrowest zone between
the lower costal rib and iliac crest, in the supine decubitus and horizontal positions. Excessive abdominal fat
was defined as WHtR > 0.50.

BMI z-score was computed using age- and sex-specific reference values from the World Health Organi-
zation (WHO) [17]. Overweight and obesity were defined as BMI > 1 SD < 2 SD and BMI >2 SD, respectively,
from the mean of the WHO reference population.

Physical Activity, Screen Time and Dietary Habits

Physical activity was recorded by a structured questionnaire including one question about frequency
and duration of active games during free time after the school or during the weekend, one question about
frequency and duration of physical education class at school, three questions about frequency and duration
of walking, and six questions about sport activities outside the school. The questions about sports activities
were derived from a validated questionnaire [18]. Physical activity-induced energy expenditure was calcu-
lated using the following algorithm: Physical activity-induced energy expenditure = physical activity (in
min/day) x metabolic equivalent of task (MET) x resting metabolic rate [19] x body weight (in kg). We
assigned the MET value of 4.2 to all participants because detailed data on the intensity of each physical
activity were notavailable. Data on regular breakfast consumption and overall meal frequency were recorded.
Questions on screen time included watching television, DVDs/videos, using a computer for fun and playing
computer or video games.

Obesogenic Behaviour Score

To determine the cumulative effect of obesogenic behaviours, we calculated a composite obesogenic
behaviour score. One point was allocated to low physical activity, defined as <1 h/day, high screen time (>2
h/day of television and computer use), no daily breakfast consumption and low meal frequency (<3 eating
occasions/day). The final score ranged from 0 to 4 points, with higher scores indicating cumulative unhealthy
obesogenic behaviours. We combined participants with 3 and 4 obesogenic behaviours as one group because
only 0.7% presented with all 4 obesity-related behavioural risk factors.

Energy Intake and Misreporting

Energy and macronutrient consumption was assessed from two 24-hour recalls. The 2nd 24-hour recall
was completed in a random sample of 25% of the participants at an independent non-consecutive day. To
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avoid bias brought on by day-to-day intake variability, the questionnaires were administered homoge-
neously from Monday to Sunday. We included this sentence in the method section of the manuscript. The
administration of the 2nd questionnaire allowed for the adjustment of intakes for random intra-individual
variation using the method described by Liu et al. [20].

Information was collected at the home of the participant, using household measures to estimate portion
sizes. Basal metabolic rate (BMR) was estimated using Schofield’s equations based on sex, age, weight and
height [19]. Implausible reporters of energy intake were identified by replacing Goldberg’s single cut-off [21]
with age- and sex-specific cut-offs. The cut-off values were the 95% confidence limits of the agreement
between physical activity level (PAL) and the ratio of energy intake to BMR. The following formula was used:

5
on)
Cutoff = PAL x exp [ +1.96 x ﬂ‘ 1
Vn
where
2
s= J [% + CVigur + ﬂﬁ.] (2)

Intra-individual variations of energy intake (CV2, ) and BMR (CV?,gyr ) and inter-individual variation
in physical activity level (CV?,p) were calculated using sex- and age-specific reference values [22-24]. The
single Goldberg PAL of 1.55 was replaced by sex- and age-dependent PAL for adolescents.

Socio-Economic Status
Determination of socio-economic status was based on maternal and paternal educational level. A high
level of education was defined as studying beyond secondary education.

Statistical Analysis

General linear models were used to define mean values of socio-demographic and lifestyle variables
according to numbers of obesogenic behaviours. To define the p value for linear trends, we used polynomial
contrast for continuous normal distributed variables, chi-square test for categorical variables and Kruskal-
Wallis H test for non-parametric variables.

Additionally, we fitted confounder-adjusted general linear models to determine the association of the
cumulative effect of obesogenic behaviours with BMI z-score and WHtR. A Bonferroni correction was used
to correct for multiple comparisons.

Logistic regression was performed to assess the effect of the cumulative obesogenic behaviours on
obesity, abdominal obesity, and maternal and paternal education educational level adjusted for potential
confounders. Taking the minimum value as the reference (0 obesogenic risk factors), odds ratios (ORs) were
estimated using the spline technique, which gives smoothed estimates when large differences were unlikely
to be observed between OR estimates corresponding to two consecutive exposure values.

Cubic spline analysis was performed using the ‘gam’ package in R version 3.0.2. Statistical analysis was
performed using SPSS version 18.0 (SPSS Inc. Chicago, IL, USA).

Results

Overall, 31% of the children did not report any of the four obesogenic behaviours and
44.5% reported engaging in just one, while 19.3% and 5.0% reported three and all four
behaviours, respectively. The reported behaviours and combinations (<4) were distributed
as follows: 1 behaviour - high screen time (28.4%), low physical activity (8.4%), low meal
frequency (4.3%), and skipping breakfast (3.4%); 2 behaviours - low physical activity + high
screen time (9.1%), high screen time + low meal frequency (4.1%), skipping breakfast + low
meal frequency (1.1%), low physical activity + skipping breakfast (0.7%), and low physical
activity + low meal frequency (0.7%); 3 behaviours - low physical activity+ high screen time+
skipping breakfast (0.8%), low physical activity+ high screen time+ low meal frequency
(1.4%), low physical activity + skipping breakfast + low meal frequency (0.6%) and high
screen time +skipping breakfast + low meal frequency (1.6%). High screen time was the most
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Table 1. Demographic and lifestyle characteristics of participants according to the cumulative effect of obesogenic behaviours®

Obesogenic behaviours

0 1 2 3-4 p value?
(n=502) (n=719) (n=312) (n=81)

Age, years 11.4 (3.68) 12.5 (3.60) 13.4 (3.63) 14.8 (2.80) <0.001
Girls, n (%) 249 (49.6) 346 (48.1) 161 (51.6) 55 (67.9) 0.032
BMI z-score 0.49 (1.12) 0.49 (1.10) 0.65 (1.18) 0.71 (0.99) 0.016
WHtR 0.45 (0.05) 0.45 (0.05) 0.46 (0.06) 0.46 (0.06) 0.047
Overweight, n (%) 143 (28.5) 223 (31.0) 117 (37.5) 27 (66.7) 0.019
Abdominal obesity, n (%) 76 (15.1) 122 (17.0) 64 (20.5) 14 (17.3) 0.102
Maternal education?, n (%) 135 (26.9) 139 (19.3) 46 (14.7) 13 (16.0) <0.001
Paternal education?, n (%) 163 (32.5) 186 (25.9) 65 (20.8) 13 (16.0) <0.001
Physical activity, min/day 144 (96; 204) 132 (7) 54 (24; 144) 40 (16; 77) <0.001
PAEE, kcal/day 542 (355; 814) 520 (280;885) 227 (107; 668) 166 (82;375)  <0.001
Low physical activity® n (%) 0 (0.00) 136 (18.9) 170 (54.5) 55 (67.9) <0.001
High screen time®, n (%) 0 (0.00) 458 (63.7) 272 (87.2) 72 (88.9) <0.001
Skipping breakfast®, n (%) 0 (0.00) 55 (7.65) 87 (27.9) 59 (72.8) <0.001
Low meal frequency7, n (%) 0(0.00) 70 (9.74) 95 (30.4) 68 (84.0) <0.001
Energy, kcal/day 2,158 (730) 2,153 (800) 2,075 (725) 1,744 (632) <0.001
Carbohydrate, % E® 46.0 45.9 46.0 46.0 0.779
Protein, % E® 14.9 15.9 15.4 16.3 0.165
Fat, % E® 39.1 38.2 39.6 38.7 0.317
EI/EEPA 3.7 (2.5;5.7) 3.8(2.2;6.9) 7.3 (2.8; 15.3) 8.7 (3.5;18.9) <0.001
Energy underreporting, n (%) 58 (11.6) 118 (16.4) 49 (15.7) 23 (28.4) 0.001
Community size, n (%) 0.920

<10,000 inhabitants 113 (22.5) 168 (23.4) 77 (24.7) 25(30.9)

10,000-49,999 inhabitants 146 (29.1) 207 (28.8) 66 (21.2) 15 (18.5)

50,000-350,000 inhabitants 126 (25.1) 176 (24.5) 100 (32.1) 19 (23.5)

>350,000 inhabitants 117 (23.3) 168 (23.4) 69 (22.1) 22 (27.2)
Region of Spain, n (%) <0.001

Centre 103 (20.5) 156 (21.7) 66 (21.2) 17 (21.0)

Northeast 151 (30.1) 169 (23.5) 53 (17.0) 16 (19.8)

North 132 (26.3) 166 (23.1) 81 (26.0) 23 (28.4)

South 60 (12.0) 121 (16.8) 52 (16.7) 13 (16.0)

East 47 (9.4) 89 (12.4) 47 (15.1) 5(6.2)

Canary Islands 9(1.8) 18 (2.5) 13 (4.2) 7 (8.6)

EI:PAEE = Energy intake: physical activity energy expenditure; PAEE = physical activity energy expenditure; WHtR = waist-

to-height ratio.

1General linear models were used to determine the association of sociodemographic and lifestyle variables according to
numbers of obesogenic behaviours. Values are expressed as mean (standard deviation), median (interquartile range) and

number (%).

2p values were obtained by ANOVA, Kruskal-Wallis, and Pearson’s chi square for normal continuous, non-normal continuous,
and categorical variables, respectively.

3University degree.

*Physical activity <60 min/day.

SScreen time >2 h/day.
®No daily breakfast.
’Fewer than 4 meals per day.

8Percentage of energy consumption.

KARGER


http://dx.doi.org/10.1159%2F000480403

Obes Facts 2017;10:584-596 589
DOI: 1Q.1159/000480403

Facts

The European Journal of Obesity

© 2017 The Author(s). Published by S. Karger GmbH, Freiburg
www.karger.com/ofa

Schréder et al.: Cumulative Effect of Obesogenic Behaviours on Adiposity in Spanish
Children and Adolescents

Table 2. Adjusted general linear models of the association of obesogenic behaviours (OB) and BMI z-score and waist-to-height

ratio (WHtR) of 1614 boys and girls of the EnKid study

n (%) BMI z-score p value WHtR p value
OB absent OB present OB absent OB present

Individual OB

Low physical activity? 361 0.47 0.74 <0.001 0.449 0.46.3 <0.001
(22.4)  (0.41;0.53) (0.63; 0.85) (0.447;0.452)  (0.458; 0.468)

High screen time3 802 0.49 0.58 0.077  0.451 0.454 0.223
(44.5)  (0.41;0.56) (0.51; 0.65) (0.447;0.454)  (0.451; 0.457)

Skipping breakfast* 201 0.52 0.63 0.100 0.451 0.465 0.001
(12.5)  (0.46;0.57) (0.48; 0.78) (0.448; 0.453)  (0.458; 0.472)

Low meal frequency” 233 0.51 0.67 0.041 0.452 0.453 0.796
(14.4)  (0.45;0.57) (0.56; 0.80) (0.450; 0.455)  (0.447; 0.460)

Cumulative OB

None 502 0.43 0.447
(31.1)  (0.34;0.53) (0.442; 0.451)

10B 719 0.48 0.451
(44.5) (0.41; 0.56) (0.448; 0.455)

20B 312 0.73 0.461
(19.3) (0.61; 0.85) (0.455; 0.466)

3/4 0B 81 0.87 0.467
(5) (0.63; 1.11) (0.457;0.478)

P for linear trend® <0.001 <0.001

alues are expressed as mean (95% confidence interval) and adjusted for sex, age, region, community size, maternal
education, energy, and energy over and underreporting.

ZPhysical activity < 1 h/day.

3Screen time > 2 h/day.

*No daily breakfast.

SLess than 4 meals per day.

5Polynomial contrast. Bonferroni correction was used to correct for multiple comparisons.

prominent obesogenic behaviour (49.7%) followed by low physical activity (22.4%), low
meal frequency (14.4%) and skipping breakfast (12.5%). Low physical activity / high screen
time and high screen time / skipping breakfast / low meal frequency were the most prevalent
combinations within clusters of 2 behaviours and more than 2 behaviours, respectively. Esti-
mation of the effect of different combinations of obesogenic behaviours on the association
with the risk of overweight and abdominal obesity was not possible due to the limited statis-
tical power. The accumulation of obesogenic risk factors was positively associated with age,
BMI z-score, the ratio between energy intake and physical activity-induced energy expen-
diture and WHtR, whereas the opposite was true for physical activity and energy intake
(table 1). The proportion of girls and of children with obesity, abdominal obesity and low/
medium level of parental education increased with co-occurrence of obesogenic behaviours.
A northeast to south gradient was observed for the accumulation of obesogenic behaviours,
with the Canary Island as the region with the highest risk.

Multivariate analysis of the association between the cumulative effects of obesogenic
behaviours and BMI z-score or WHtR revealed a difference of 0.50 SD for BMI z-score and of
0.025 for WHtR between participants with no obesogenic risk behaviours and those with
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Table 3. Adjusted* logistic regression analysis of the association of individual and cumulative obesogenic
behaviours (OB) with overweight and abdominal obesity of 1614 boys and girls of the EnKid study’

N (%) Overweight/obesity Abdominal obesity
OR (95% CI) OR (95% CI)

Individual OB
Low physical activity? 361 (22.4) 1.87 (1.31; 2.68) 1.69 (1.24; 2.32)
High screen time3 802 (44.5) 1.36 (0.99; 1.88) 1.13 (0.85; 1.49)
Skipping breakfast* 201 (12.5) 1.23 (0.77; 1.98) 1.52 (1.02; 2.28)
Low meal frequency® 233 (14.4) 1.05 (0.64; 1.72) 0.86 (0.55;1.33)
Cumulative OB
None 502 (31.1) 1 1
10B 719 (44.5) 1.39 (1.14; 1.69) 1.28 (1.08; 1.52)
20B 312 (19.3) 1.93 (1.31; 2.85) 1.65 (1.18; 2.31)
3/4 0B 81 (5) 2.68 (1.50; 4.80) 212 (1.28; 3.52)
Linear trend <0.001 0.004

ILogistic regression models adjusted for sex, age, region, community size, maternal education, energy,
and energy over and underreporting. Individual OB were mutually adjusted.

ZPhysical activity < 1 h/day.

3Screen time > 2 h/day.

*No daily breakfast.

5Less than 4 meals per day.

three or more (table 2). At the individual level, all obesogenic behaviours, with the exception
of high screen time, were significantly related to increased levels of at least one surrogate
marker of adiposity (table 2). All models were adjusted for age, sex, region, community size,
maternal education, energy intake and energy under- and over-reporting.

Multivariate logistic models adjusted for sex, age, region, community size, energy intake
and energy under- and over-reporting showed higher odds of overweight and abdominal
obesity for children with increasing numbers of obesogenic behaviours, compared to those
having none of the risk behaviours (table 3). In participants with at least 3 obesogenic behav-
iours, the odds of being overweight and having abdominal obesity increased by 168% and
112% respectively, compared to those with none. Low physical activity was associated with
significantly higher odds of overweight and abdominal obesity, whereas skipping breakfast
increased the odds for abdominal obesity.

The odds of parents having higher education levels decreased as the number of obeso-
genic behaviours increased (fig. 1). Participants with 3 or more obesogenic behaviours had
52.0% and 59.0% higher odds oflow maternal and paternal education, respectively, compared
to their peers without obesogenic behaviours (fig. 1).

To determine the robustness of our data, we performed sensitivity analysis, fitting multi-
variate models of the association between two main outcomes (BMI z-score and WHtR) and
categories of obesogenic behaviours stratified by sex and age group (children aged 5-12
years vs. adolescents aged 13-17 years) (table 4). The effect sizes of the associations were
similar in boys and girls but stronger in adolescents.
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1.2

OR A

p for linear trend = 0.001

0.8

0.6

0.4

0.2

None GB

10B

20B

3/4 OB

1.2

OR B

p for linear trend <0.001

0.8

0.6

0.4

0.2

MNone GB

108

208

3/4 OB

Fig. 1. Odds ratio (OR) of the association between cumulative obesogenic behaviours (OB) and high maternal
(A) and paternal (B) education adjusted for sex, age, region, community size, energy and energy under- and

over-reporting.
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z-score and WHtR stratified by sex and age!

n (%) None 10B 2 OB 3/40B p for trend?

BMI z-score

Boys 803 0.56 0.60 0.96 1.30 <0.001
(49.8) (0.42; 0.71) (0.48; 0.72) (0.77; 1.14) (0.85;1.74)

Girls 811 0.30 0.38 0.50 0.56 0.049
(50.2) (0.18; 0.42) (0.28; 0.48) (0.35; 0.65) (0.30; 0.83)

WHtR

Boys 803 0.458 0.461 0.476 0.486 0.003
(49.8) (0.452; 0.465)  (0.456; 0.466) (0.467;0.484) (0.467;0.51)

Girls 811 0.435 0.442 0.447 0.453 0.007
(50.2) (0.429; 0.440)  (0.437;0.446) (0.440;0.454) (0.440; 0.465)

BMI z-score

Children 662 0.68 0.72 1.02 1.17 0.076
(41.0) (0.52; 0.80) (0.58; 0.85) (0.51; 1.82) (0.51; 1.82)

Adolescents 952 0.28 0.32 0.54 0.70 0.001
(59.0)  (0.15;0.41) (0.22;0.41)  (0.41;0.67) (0.46; 0.94)

WHtR

Children 662 0.461 0.468 0.475 0.468 0.500
(41.0)  (0.456;0.467) (0.462;0.473) (0.466;0.485)  (0.442; 0.495)

Adolescents 952 0.437 0.440 0.450 0.459 <0.001
(59.0)  (0.431;0.444) (0.435; 0.444) (0.443;0.457) (0.447; 0.471)

WHtR = Waist-to-height ratio.

Values are expressed as mean (95% confidence interval). Adjusted for sex, age, region, community size,
maternal education, energy, and energy over and underreporting.

2polynomial contrast. Bonferroni correction was used to correct for multiple comparisons.

Discussion

The risk of overweight and abdominal obesity in Spanish children and adolescents
increased with the number of concurrent obesogenic behaviours analysed - including low
physical activity, high screen time, skipping breakfast, and low meal frequency. Additionally,
BMI z-score and WHtR increased with number of these obesogenic behaviours. Higher parental
educational level was less prevalent in the group reporting multiple obesogenic behaviours.
In the present study, we observed the highest risk for obesogenic behaviours in the Canary
[slands, which corresponds to a report of 2000 [25] that Gran Canary (the largest island) had
the highest prevalence of childhood obesity in Spain. Further research is needed to establish
the cause for the high prevalence of obesogenic behaviours, especially considering that cardio-
vascular mortality in the Canary Islands was among the highest in Spain at the same time [26],
an unfortunate distinction with an increasing trend according to a 2009 white paper for the
2015-2017 Health Plan for the Canary Islands [27]. The report emphasised that the community
had the highest mortality rates related to ischaemic heart disease and diabetes in Spain and
presented the highest rates of obesity, both overall and in children and youth, making actions
to combat sedentary lifestyles and overweight a public health priority. A strong positive asso-
ciation has been established between obesity and fatal coronary heart disease [28].

Individual lifestyle behaviours identified as a potential cause of the obesity epidemic in
children and adolescents, i.e. obesogenic behaviours, are highly prevalent in European coun-
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tries [5-9]. The East of England Healthy Hearts study revealed that 36% of English children
aged 10-15 years spent more than 2 h daily in screen time [7]. Not meeting the recommended
screen time limit was reported in half of all Spanish children aged 5-14 years [8]. Two-thirds
and four-fifths of European boys and girls, respectively, were engaged in less than 60
min/day of moderate to vigorous physical activity [29]. Skipping breakfast and low meal
frequency were somewhat less prevalent [5, 6].

In the present study, the high proportion of children and adolescents with obesogenic
behaviours wasin line with these previous reports. We also found that not meeting the recom-
mended physical activity level, skipping breakfast and high screen time were associated with
atleast one surrogate marker of adiposity, as already shown in previous studies [5, 6, 11, 12].
In contrast to a recently published meta-analysis [10], however, we did not found any signif-
icant relationship between low meal frequency and BMI z-score, WHtR, obesity or abdominal
obesity. It must be noted that individual reports included in this meta-analysis showed
controversial results; when stratified by sex, the significance of the association persisted only
in boys. In the most recent contribution to the debate about the impact of meal timing and
frequency on cardiovascular disease risk factors, the American Heart Association concluded
that the current evidence of impact is more consistent for obesity than it is for diabetes [30].

Overlapping obesity risk behaviours is frequent in young populations [31]. It has been
suggested that obesogenic behaviours interact and exert a cumulative effect on weight gain
[15], although the underlying mechanisms are poorly understood. A recent review by Leech and
collaborators [31] summarised the current evidence on the association of diet, physical activity
and sedentary behaviour with overweight and obesity. The authors considered only articles
which determined clustering patterns of these behaviours by data-driven methodologies. Based
on these data, they postulated that evidence is inconclusive to postulate an association between
clustering of these behaviours and excess weight. Another approach is to define a priori clusters
based on the number of risk behaviours. This methodology has shown that unhealthy lifestyle
behaviours cumulatively increase the risk of cardiovascular disease, cancer and premature
death in adult populations [32-34]. Sanchez and collaborators [15] observed a cumulative
effect of low physical activity, high television viewing, high fat intake and low fruit and vege-
table consumption on the risk of overweight in adolescents. The AVENA (Alimentacién y Valor-
acion del Estado Nutricional de los Adolescentes) study [16] analysed the combined impact of
physically inactivity, low sleep duration, high television viewing and low meal frequency on
total and abdominal body fat and the risk of overweight in Spanish adolescents. Total fat and
abdominal fat significantly increased with the number of obesogenic behaviours, and the odds
of overweight increased with the number of groups of risk behaviours reported [16].

The findings present here are in line with these previous reports. BMI z-score and WHtR
- surrogate markers of general and abdominal adiposity - increased with the number of
obesogenic behaviours. These findings indicate a synergistic impact of these behaviours,
showing a more detrimental impact of combinations of risk behaviours on adiposity in
comparison to the sole presence of only one of these risk behaviours. Furthermore, the
observed difference of 0.42 standard deviations in BMI z-score between children with no
obesity risk behaviours and those with more than 2 is important. Decreasing the BMI z-score
by at least 0.25 standard deviations improved insulin sensitivity, the total to high-density
cholesterol ratio and blood pressure in children [35, 36]. Abdominal obesity also increased
as numbers of obesogenic behaviours increased. This is of particular concern given the detri-
mental effect of abdominal obesity on health in young populations [37].

Parental socio-economic status is a crucial determinant for childhood obesity [38].
Previous studies indicated that the percentage of high parental education decreases with the
number of obesity risk behaviours [15]. In the present study, children of families with high
maternal and/or paternal educational level were less vulnerable to co-occurrence of obeso-
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genic behaviours. The increasing number of obesogenic behaviours was also positively asso-
ciated with age. Driskel and collaborators [39] reported that 9.1% and 20.8% of elementary
schoolers present 0 and 3 risk behaviours, respectively. In contrast, only 4.7% of high
schoolers present no risk behaviour and 30.6% reported 3 risk behaviours. Age is a critical
factor in the adoption of obesogenic risk behaviours.

A limitation of this study is the cross-sectional study design, which precludes drawing
causal relationships.

It should be noted that the EnKid study data are now 17 years old, which could raise ques-
tions about their current relevance in young people. Obesogenic behaviours remain highly
prevalent in Spanish children and adolescents, who are increasingly sedentary. For example,
average screen time has increased from the 1.6 h/day reported in the EnKid data (2000) to
2.5 h/day in 2013 [40], and Spain’s 2016 report card on physical activity for children and
youth showed that recommended physical activity levels are not being met [41]. In this
context, our findings based on the EnKid data remain timely, although the effect size of the
associations might have changed. Two further limitations were that exposure was self-
reported (and therefore prone to recall bias) and cardiovascular risk factors were not
measured (so the relationship between cardiometabolic health and obesogenic behaviours
could not be addressed). Physical activity was calculated by a questionnaire including vali-
dated and non-validated questions. This might increase the risk of measurement error.

The study also has important strengths, including a nationwide population-based sample
and measured anthropometric variables.

Conclusion

The cumulative effect of low physical activity, high screen time, skipping breakfast and
low meal frequency increased the risk of higher BMI z-scores, higher WHtR and higher odds
of overweight and abdominal obesity in a representative population of Spanish children and
adolescents. Parental educational level was strongly related to the concurrent presence of
these obesogenic behaviours. Multilevel behaviour modifications in early life can be a prom-
ising strategy to reduce the subsequent obesity risk.
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