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The adventure of life is to learn.
The purpose of life is to grow.
The nature of life is to change.

The challenge of life is to overcome.
The essence of life is to care.
The opportunity of life is to serve.
The secret of life is to dare.

The spice of life is to befriend.

The beauty of life is to give".

- William Ward
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Abstract

English

Childhood obesity is one of the major concerns of Public Health,
mainly due to its potential detrimental effects not only in this life
stage but also in adulthood, the risk of which has been suggested to
increase the earliest is the onset. In Spain, around 41% of children
aged 6-9 years had overweight or obesity in 2019 and, at present, is
one of the European countries with higher prevalence. Childhood
obesity has been related to several comorbidities including
cardiometabolic disorders. Etiology of obesity comprises a wide
network of factors, which is mainly extended to diet, physical
activity, sleep and sedentary behaviors however, other potential
causal factors have been suggested recently, such as eating speed,
eating frequency and adherence to the Mediterranean diet
(MedDiet). Nevertheless, evidence on children is limited, especially

regarding associations with cardiometabolic risk factors.

In overall, the present thesis aimed to summarize evidence on the
associations between certain eating behaviors such as eating speed
and eating frequency, and adiposity, cardiometabolic risk factors, as
well as diet quality in children and adults. In addition, the association
between eating speed and cardiometabolic risk as well as adherence
to the MedDiet was assessed. Additionally, another objective was to
create a composite score which assessed the concomitant

associations of certain lifestyle behaviors, including adherence to

Diet quality, eating behaviors, other lifestyle factors and cardiometabolic risk in
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Abstract

the MedDiet, eating speed, breastfeeding, sleep duration, physical
activity and sedentary behaviors with adiposity and several
cardiometabolic risk factors in children. The individual contribution
of each lifestyle behavior on the associations between the
composite score and cardiometabolic outcomes was also assessed

for the purposes of the present thesis.

The results of this thesis show that eating speed and adherence to
the MedDiet are related to adiposity and the levels of certain
cardiometabolic risk factors. Furthermore, although the co-
occurrence of the lifestyle behaviors assessed was associated with
adiposity and cardiometabolic risk, the individual contribution of
each of them shown not to be equal so that eating speed contributes
greatly to a beneficial cardiometabolic health, especially for fasting
plasma glucose concentration. Meanwhile, adherence to the
MedDiet shown to be a great contributor to serum triglycerides
levels. Nevertheless, further research is warranted in order to
confirm these associations observed, which if confirmed, eating
speed, in tandem with adherence to MedDiet, could be considered
modifiable eating behaviors with a relevant role in alleviating the

consequences of this challenging Public Health issue.
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Castellano

La obesidad infantil es uno de los mayores problemas de Salud
Publica, principalmente por su potencial riesgo a la salud en la
infancia y la edad adulta, cuyo riesgo se ha sugerido que aumenta
cuanto mas precoz es su aparicion. En Espana, alrededor del 41% de
los nifios de 6 a 9 afios presentaron sobrepeso u obesidad en 2019.
La obesidad infantil se ha relacionado con algunas comorbilidades,
incluyendo los trastornos cardiometabdlicos. La etiologia de la
obesidad comprende una amplia red de factores que incluye la
dieta, la actividad fisica, el suefio y las conductas sedentarias; sin
embargo, recientemente se han sugerido otros posibles factores
causales como la velocidad de ingesta alimentaria, la frecuencia de
las comidas y la adherencia a la dieta Mediterranea. No obstante, la
evidencia en nifios es limitada, especialmente en lo que respecta a

las asociaciones con factores de riesgo cardiometabdlico.

El objetivo de la presente tesis fue la de resumir la evidencia que
existe sobre las asociaciones entre algunos comportamientos
alimentarios, tales como la velocidad y frecuencia de ingesta, y la
adiposidad, el riesgo cardiometabdlico y la calidad de la dieta en
nifios y adultos. También se evalud la asociacién entre la velocidad
de ingesta alimentaria y adiposidad, factores de riesgo
cardiometabdlico y la adherencia a la dieta Mediterranea. Ademas,

otro objetivo fue el de crear un sistema de puntuacidn para explorar
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las asociaciones conjuntas de la adherencia a la MedDiet, la
velocidad de ingesta alimentaria, la lactancia materna, la duracién
del suefio, la actividad fisica y las conductas sedentarias con la
adiposidad y los factores de riesgo cardiometabdlico en nifios. La
contribucién individual de cada uno de estos comportamientos de
estilo de vida en estas asociaciones también fue evaluada para los

objetivos de la presente tesis.

Los resultados de esta tesis muestran que la velocidad de ingesta
alimentaria y la adherencia a la MedDiet estan relacionadas con la
adiposidad y con algunos factores de riesgo cardiometabdlico.
Ademas, aunque la co-ocurrencia de los comportamientos de estilo
de vida explorados se asocié con la adiposidad y el riesgo
cardiometabdlico, la contribucién individual de cada uno de ellos
mostré no ser igual, de modo que la velocidad de alimentacién
contribuyé en gran medida a una mejor salud cardiometabdlica,
especialmente con respecto a la concentracion de glucosa
plasmatica en ayunas. Mientras tanto, la adherencia a la MedDiet
mostré ser un gran contribuyente en los niveles séricos de
triglicéridos. No obstante, es necesario seguir investigando para
confirmar las asociaciones observadas, que de confirmarse, la
velocidad de ingesta alimentaria asi como la adherencia a la dieta
Mediterrdnea podrian considerarse factores potencialmente
modificables con un papel relevante en la disminucién de las

consecuencias de este dificil problema de salud publica.
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Catala

L'obesitat infantil és un important problema de Salut Publica,
principalment pels seus potencials efectes perjudicials no sols en Ia
infancia siné també en I'edat adulta, el risc de la qual ha augmentat
com més precog és la seva aparicié. A Espanya, al voltant del 41%
dels nens de 6 a 9 anys presentaven sobrepés o obesitat I'any 2019.
L'obesitat infantil s'ha relacionat amb algunes comorbiditats, entre
les quals s'inclouen els trastorns cardiometabolics. L'etiologia de
I'obesitat compren una amplia xarxa de factors com la dieta,
I'activitat fisica, el temps de son i les conductes sedentaries. Malgrat
aixo, recentment s'han suggerit altres potencials factors causals de
I'obesitat, com la velocitat d'ingesta, la freqliencia dels apats i
I'adherencia a la dieta mediterrania. Malgrat tot, I'evidéncia en
poblacions de nens és limitada, especialment pel que fa a les
associacions amb factors de risc cardiometabolic. Un dels objectius
de la present tesi és la de resumir I'evidéncia que existeix sobre les
associacions entre alguns comportaments alimentaris, com ara la
velocitat i freqliencia d'ingesta, i I'adipositat, el risc cardiometabolic
i la qualitat de la dieta en nens i adults. També, es pretén avaluar
I'associacid entre la velocitat d'ingesta i adipositat, factors de risc
cardiometabolic i I'adheréncia a la dieta Mediterrania. A més, un
altre dels objectius ha estat el d'explorar les associacions individuals

i conjuntes entre |I'adheréncia a la dieta mediterrania, la velocitat de
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la ingesta, els antecedents de lactancia materna, el tems de son,
I'activitat fisica i les conductes sedentaries, i I'adipositat o diferents

factors de risc cardiometabolic en nens.

Els resultats d'aquesta tesi mostren que la velocitat d'ingesta i
I'adherencia a la dieta mediterrania estan relacionades amb
I'adipositat i els nivells d'alguns factors de risc cardiometabolic. A
més, encara que la co-ocurrencia dels comportaments d'estil de vida
avaluats s'associen amb l'adipositat i el risc cardiometabolic, la
contribucid individual de cadascun d'ells ha mostrat no ser igual. De
manera que la velocitat en el menjar contribueix en gran manera a
una bona salut cardiometabolica, especialment relacionada amb les
concentracions plasmatiques de glucosa en deju. D'altra part,
I'adherencia a la dieta mediterrania va mostrar ser una gran
predictora dels nivells sérics de triglicerids. Malgrat tot, és necessari
continuar investigant per a poder confirmar aquestes associacions.
En cas de confirmar-se, la velocitat d'ingesta conjuntament amb
I'adherencia a la dieta Mediterrania, podrien considerar-se
comportaments potencialment modificables amb un paper
rellevant per pal-liar les conseqiiéncies d'aquest dificil problema de

salut publica.
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AHA
ANOVA
BMI
CEBQ
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SD
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Abbreviations

American Heart Association

Analysis of variance
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Child healthy lifestyle score
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Childhood Obesity Risk Assessment Longitudinal Study
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Odds ratio

Standard deviation

World Health Organization
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1. Human growth and development

Human growth and development usually require about 21 years to
be completed?, during which time future health is established?.
Although, the growth velocity varies according to the different
stages of life3, growth is a constant process and corresponds to one
of the most important health indicators in childhood, any

disturbance in it may be a sign of disease®.
Human growth and development stages comprise:

o Embryonic: human body systems and structures are
originated in this prenatal stage®.

o Fetal: prenatal stage that greatly promotes the success in
postnatal growth and development3.

o Postnatal: corresponds to life after birth and is categorized
in infancy (neonate to <1 year-old), toddler (1-5 year-old),
early childhood (3-8 year-old), middle childhood (9-11
year-old), adolescence (12-18 year-old), adulthood (>18

year-old)3.

A healthy growth and development begin with parental health,
including their genetic characteristics, and continue with
conception, prenatal and postnatal stages®. Several factors have also
been associated to human growth and development, such as
nutrition, diseases, parenting factors, environment exposures,

among other risk factors’.
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1.1. The preschool-aged children

At the end of the second year of life the growth slow down, children
become more active, participate longer at playgrounds and daily
sleep duration declines*. Additionally, the nutritional requirements
and appetite decrease, and food fussiness appears however, in
normal conditions children can regulate food intake and adapt it to

their nutritional requirements, according to appetite and satiety “.

Certain growth and development disorders may impact health at
this age and may track into adolescence and adulthood®. For
example, in early childhood, the onset of adiposity rebound, a
premature increase in BMI®, has the potential to increase the risk of
obesity in adulthood and, at the same time, it could lead to the
development of several comorbidities*andit also might predict

cardiometabolic risk at older stages of life °1°,

2. Obesity and cardiometabolic risk in childhood:
definitions, epidemiology and clinical issues

2.1. Obesity

Obesity has existed since prehistoric times. Hippocrates, the “father
of modern medicine”, first discussed the clinical problem of obesity
and described it as an excess of fluids!. Over centuries, perception
of obesity has changed from a symbol of wealth and prosperity to
the called “epidemic of the 21 century”!!. The World Health

Organization (WHO) defines obesity as an anomalous or excessive
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collection of body fat mass'? however, it has also been defined as a
status of low-grade systematic inflammation?>!4. At present, it
represents a major global public health concern mainly due to a
rapid increase in prevalence since 19752, In Europe, around 13% of
children aged 5-9 year-old had obesity in 2020° and highest rates
were reported in Mediterranean and eastern European countries?®.
In Spain, according to the ALADINO study'’, near to 41% of children
aged 6-9 year-old had overweight or obesity in 2019. It is expected
that around 9 million of children aged 5-9-year-old will have obesity

for 2030 in European countries®>.

Idiopathic obesity is a multisystemic disease which could lead to
short and long-term health consequences that may affect the
cardiometabolic, cardiovascular, endocrine, renal, pulmonary,
gastrointestinal, musculoskeletal, dermatologic, neurologic and

18-20

psychosocial systems or dimensions Potential comorbidity of

obesity in children includes, among others 1921.22;

o Psychosocial: depression, eating disorders, scarce self-
esteem.

o Cardiovascular: dyslipidemia, hypertension, coagulopathy,
chronic inflammation, endothelial dysfunction.

o Gastrointestinal: gallstones, non-alcoholic fatty liver disease,
non-alcoholic steatohepatitis.

o Endocrine: type 2 diabetes, precocious puberty, polycystic

ovary syndrome, male hypogonadism.
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o Neurologic: pseudotumor cerebri.

o Pulmonary: sleep apnea, asthma, obesity hypoventilation
syndrome.

o Renal: glomerulopathy.

o Musculoskeletal: forearm fracture, slipped capital femoral

epiphysis, flat feet, genu valgo.

Additionally, obesity may track into adulthood, including the
associated risk for certain comorbidities such as cardiometabolic

disorders?®>=2° and other chronic diseases, including cancer®°.

2.2. Cardiometabolic risk

In children, cardiometabolic risk has been a continuous concern3! as
well as the role of obesity32. In this life stage, it has been reported
that cardiometabolic disorders could be favor by increased

33735 especially central body fat accumulation3®. In the last

adiposity
years, cardiometabolic risk has begun to be analyzed deeper at this
stage of life3”and certain scores have been created for this purpose,
which are usually comprised of waist circumference, triglycerides,
HDL-c, glucose, and systolic blood pressure3®3°, However, waist-to-
height ratio has also been reported as a potential predictor of
cardiometabolic risk?. According to a Canadian Health Measures
Survey conducted from 2007 to 2011%, the most prevalent

cardiometabolic risk factors in children and adolescents were

abdominal obesity, low HDL-c or elevated triglycerides and the
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combination of these three components accounted for 61.5% of the
population. In this sense, there is increased evidence on the
association between childhood obesity and cardiometabolic risk and
the prevalence or incidence of cardiometabolic disorders in
adulthood.?6-28:30,42

Metabolic syndrome (MetS) is a complex interrelated network of
cardiometabolic risk factors including central obesity, impaired
plasma glucose, hypertension and dyslipidemia that has been
defined in adults*? but not in children**. Nevertheless, the American
Heart Association (AHA) has suggested that MetS in children may
also include abdominal obesity, abnormal lipid profile, high blood
pressure and glucose**. In this sense, a recent systematic review and
modelling analysis showed that global prevalence of MetS in 2020
was about 7.6% (about 61.3 million) in children and adolescents, of
which 1.4% of children aged under 13 years were living in
northwestern Europe and Spain ranked third as the country with the

highest prevalence of MetS in adolescents (9.9%)%.

3. Obesity and cardiometabolic risk in childhood:
pathophysiology

Adipose tissue is mainly comprised by adipose cells or adipocytes?*®

and is divided in white and brown adipose tissue'®. White adipose

tissue has an important role in the storage of energy in the form of

triglycerides®® and in the production of biologically active molecules

(adipokines) involved in metabolic homeostasis*’/, including leptin,
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interleukin 6, adiponectin and necrosis tumor alpha factor #. In
terms of pathophysiology, obesity is characterized by a hypertrophy
(increase of volume) in adipocytes*® which produce an imbalance in
adipokines®Y, increase their levels*® and lead to a proinflammatory
state, insulin resistance?!, all of which increase the risk of metabolic
disorders®C. Furthermore, hypertrophy of white adipose tissue could
lead to restriction of oxygen diffusion from capillaries to adipocytes,
causing hypoxia, altering the expression of several genes, and
leading to insulin resistance and disturbances in adrenergic signaling
that increase inflammation and cellular damage®®. Moreover, due to
endocrine function *° and the extensive capillarity network on white
adipose tissue®? and its connection with the rest of the body,
dysregulation of adipokines may be related to effects on bone
metabolism, reproduction, immunity, growth, among many other
biological processes®3, which may explain the comorbidities of

obesity.

4. Obesity and cardiometabolic risk in childhood:
risk factors

The etiology of obesity is multifactorial®*>®, so that several factors

interact in the called “obesogenic environment”. This term was

initially defined as “the sum of influences that the surroundings,

opportunities, or conditions of life have on promoting obesity in

individuals or populations” and include biological, behavioral, and

environmental factors>. In overall, the main factors that have been
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associated with obesity and its comorbidities are genetics®’, early
life factors®®, lifestyle behaviors>® and environment®®, among many

others.

4.1. Genetics

At the end of the last century, several authors suggested the obesity
as a hereditary disorder®®2, In 2007, fat mass and BMI were
observed in association with the obesity-associated gene region®.
Since then, BMI has been associated with about 97 specific sites of
certain genes which may be overlapped with biological pathways
that respond to changes in dietary habits®. Certain cardiometabolic
risk factors have also been associated with several variants in
genes® and epigenetic changes®®. Studies in twins have shown that
genetics may play an important role in BMI based on exposition to
an obesogenic environment®”%8, Recent evidence has shown that
race/ethnicity may influence on several risk factors which are
associated with higher likelihood of childhood obesity®°. Moreover,
the contribution of genetics to weight gain’® as well as the impact of
certain risk factors on adiposity’! and cardiometabolic risk’?> could
be different according to sex (established by sexual chromosomes).
On the other hand, it has recently been reported that genetics may
influence the success of obesity treatment based on lifestyle

intervention’3.

Diet quality, eating behaviors, other lifestyle factors and cardiometabolic risk in
children

33



UNIVERSITAT ROVIRA I VIRGILI
EATING BEHAVIORS, OTHER LIFESTYLE FACTORS AND CARDIOMETABOLIC RISK IN CHILDREN
Tany Elizabeth Garciduefias Fimbres

DIET QUALITY,

Introduction

4.2. Family and early life

The WHO?® has recently described early life as “one of the greatest
promises for breaking intergenerational cycle of obesity”. In this
sense, several family and early life factors, including the in-utero
environment have been suggested in association with childhood
obesity’* and cardiometabolic risk’>. In this sense, maternal weight
status’® (after or during pregnancy’’), lifestyle while pregnant’é-%0
(including diet, consumption of alcohol, physical activity, weight
gain and smoking status), parenting styles®!, parental BMI%?, feeding
practices®3, and lifestyle®* have been related to adiposity and/or
cardiometabolic risk in offspring. Moreover, exposure to gestational
diabetes mellitus during pregnancy® has been associated with
certain cardiometabolic risk factors such as systolic blood pressure,
BMI z-score and glucose. Furthermore, a higher adherence to
MedDiet in pregnant women has been reported in association with
favorable outcomes in offspring such as decreased waist
circumference®, lower risk of accelerated BMI z-score trajectory
and larger birth size®’. Kanellopopoulou et al®® suggested that family
structure could act as a mediator between adherence to MedDiet
and the likelihood of overweight or obesity in children. Recently, it
has been suggested that size and weight at birth may favor the
future onset of obesity®>*° and increased cardiometabolic risk®>°* in
childhood and adolescence. A mechanism in energy balance and

regulation of food intake has been suggested for breastfeeding,
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which is rich in hormones such as adiponectin, ghrelin, resistin and
obestatin that may play a role on adiposity®>2* and levels of certain
cardiometabolic risk factors®>. Besides, breastfeeding duration
could lead to different cardiometabolic outcomes in early life””:>
and may be related to the development of certain dietary habits .
On the other hand, other factors related to early life such as and
timing of introduction to solid foods®’, may increase the risk of
adiposity and cardiometabolic disorders in children. Additionally,
the delayed introduction of sugar and juice has been suggested in
association with increased diet quality in childhood °8, which has the

potential to impact on cardiometabolic profile.

4.3. Environment

Regarding environment, a wide range of factors have been
suggested in relation with cardiometabolic health which may
comprise family, community, school, politics, culture and
economy®®, among many others. It is considered that obesity has a
especial social predisposition so that, it has been frequently
observed in association with socioeconomic status'®%%!, which may
be a mediator on the association between obesity and other risk

102 or food insecurity%3104 Other

factors such as lifestyle behaviors
environmental determinants, such as geographical school area®,
migration background®, neighborhood features 1°71% childhood
abuse®® and repeated exposure to broad-spectrum antibiotics!®®

have also been suggested in association with cardiometabolic risk.
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4.4. Lifestyle

In children, several lifestyle behaviors have started to be assess in
association with cardiometabolic risk since past years'%113, which
may be independent of some intrinsic factors''* and include diet!!?,
other eating behaviors!®>, physical activity!!®, sedentary
behaviors'’, sleep duration!®, among others. Interestingly,

different patterns of lifestyle behaviors have been observed

according to sex0?,

4.5. Diet quality, eating speed and eating frequency
4.5.1. First article

“Eating Speed, Eating Frequency, and Their Relationships with Diet

Quality, Adiposity, and Metabolic Syndrome, or Its Components”

Tany E. Garciduenas-Fimbres, Indira Paz-Graniel, Stephanie K. Nishi,

Jordi Salas-Salvadd and Nancy Babio.

o Publication phase: published.

o Doctoral student’s position: first author.
o Journal: Nutrients.

o Category: Nutrition & Dietetics.

o Range position: 17/89 — Q1.

o Impact factor: 5.717.

o Doi: 10.3390/nu13051687

Summary of results
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In this review, 223 studies were identified but only 52 studies met

the inclusion criteria and were included.

In children, observational and experimental studies reported mainly
significant positive associations between fast-eating speed and
adiposity and only a few reported inverse associations between
slow eating and adiposity. A higher eating frequency was mostly
observed in significant association with lower adiposity and
cardiometabolic risk factors. Significant positive but also negative
associations were observed between eating frequency and diet

quality, including those for meal and snack frequency.

In adults, observational studies reported a significant association
between fast-eating category and higher adiposity, levels of
cardiometabolic risk factors and risk for developing MetS.
Associations between eating frequency and cardiometabolic
outcomes were inversely and also positively significant in
observational studies and clinical trials but, only positive
associations were observed for diet quality in cross-sectional

studies.
Conclusion

Fast-eating speed could be associated with increased adiposity and
MetS or its components. Furthermore, a greater eating frequency
may be mainly associated with diet quality and lower risk of

adiposity and MetS or its component
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Abstract: Excess body weight is a major global health concern, particularly due to its associated
increased health risks. Several strategies have been proposed to prevent overweight and obesity
onset. In the past decade, it has been suggested that eating speed/rate and eating frequency might
be related to obesity. The main aim of this narrative review was to summarize existing evidence
regarding the impact of eating speed/rate and eating frequency on adiposity, metabolic syndrome
(MetS), or diet quality (DQ). For this purpose, a literature search of observational and interventional
trials was conducted between June and September 2020 in PubMed and Web of Sciences databases,
without any data filters and no limitations for publication date. Results suggest that children and
adults with a faster eating speed/rate may be associated with a higher risk of developing adiposity,
MetS or its components. Furthermore, a higher eating frequency could be associated with diet
quality improvement, lower adiposity, and lower risk of developing MetS or its components. Further
interventional trials are warranted to clarify the mechanism by which these eating behaviors might
have a potential impact on health.

Keywords: eating speed; eating rate; eating frequency; adiposity; BMI; eating behaviors; metabolic
syndrome; MetS

1. Introduction

Weight disorders, such as overweight (OW) and obesity (OB), are prevalent globally,
mainly because of unhealthy diets and sedentary behaviors [1]. In accordance with data
from the World Health Organization, global obesity has nearly tripled since 1975 [1].
By 2016, more than 1.9 billion adults were overweight, of these over 650 million were
obese and 340 million children and adolescents aged 5 to 19 years were overweight or
obese. Meanwhile by 2019, over 38 million children under 5 years-old were overweight
or obese [1]. Obesity is defined as a health problem that consists mainly of body fat
accumulation, with a multifactorial etiology [2]. It is related to an immense variety of short
and long-term consequences, which may affect quality of life [3]. Excess body weight (BW)
has been associated with metabolic syndrome (abdominal obesity, elevated fasting plasma
glucose, low level of high-density lipoprotein cholesterol (HDL-c), hypertriglyceridemia,
and hypertension) [4], a complex interrelated network of metabolic risk factors [5], which
increases the risk of diabetes and premature death [6].

Childhood obesity is a risk factor for overweight and obesity in adulthood [7]; there-
fore, its prevention and early treatment are major concerns for public health. Several
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strategies have been proposed to prevent overweight and obesity onset, where the vast
majority are based on avoiding sedentary behaviors and a western high energy density
dietary pattern, rich in refined food, sugary beverage consumption, red and processed
meat, and low in vegetables, fruits, whole grains, and legumes [8].

In the last decade, several authors have queried [9-11] if certain dietary behaviors,
such as eating speed/rate, defined as the time required to eat an amount of food [12,13],
and eating frequency, the number of eating occasions per day either reported as a meal
or a snack [10,11,14-17], may be related to obesity, MetS, and dietary quality. It was also
suggested that these eating behaviors may have a potential influence in the development
of chronic diseases, such as diabetes and cardiovascular disease [18]. For example, in Asian
populations, eating speed/rate has been associated with adiposity [19,20], but this has
not been shown in Europeans [21]. In Europe, a study conducted in Spanish participants
found a higher risk for hypertriglyceridemia in individuals with a fast-eating speed [21].
Moreover, significant associations have been observed between eating frequency and diet
frequency, adiposity, or cardiovascular risk [22,23]. In children, the evidence is scarce,
but it is suggested that these eating behaviors may play an important role in their health
maintenance [24,25]. Along these lines, evidence is quite controversial because a frame
of reference for adequate values and universal definitions for these behaviors have not
been settled [17]. In view of the impact of eating frequency and eating speed/rate may
have on health, the aim of this review was to summarize all the available evidence (with
no limitation for publication date) of these eating behaviors in relation to body mass index
(BMI), body weight, waist circumference (WC), diet quality, and other MetS components in
children, adolescents, and adults.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

A literature search was performed in PubMed and Web of Science from June to
September 2020 without any data filters, identifying observational and interventional trials
examining possible associations between certain eating behaviors (e.g., eating speed /rate
and eating frequency), diet quality, cardiometabolic biomarkers and adiposity measures in
adults (>19 years) and children (<19 years).

For this narrative review, the following terms were used to define the exposure: eating
speed, eating rate, eating frequency, meal frequency and snack frequency. For outcomes,
keywords related to adiposity and cardiometabolic biomarkers were searched, such as
glucose, cholesterol, blood pressure, adiposity, body weight, BMI, body mass index, WC,
as well as diet quality. Furthermore, the search was complemented with a manual search
of the reference lists of included articles.

2.2. Inclusion and Exclusion Criteria

To be included, articles had to meet the following inclusion criteria: full-text available,
observational study, clinical study, clinical trial, journal article, randomized controlled trial,
and involving humans, written in the English or Spanish language. A search was performed
in the MEDLINE database (PubMed and Web of Science) until September 2020 and all
available articles that met inclusion criteria were included. Exclusion criteria included
letters to editors, abstracts only, case reports, registered protocols, and ongoing trials.

2.3. Study Selection

Two researchers conducted the article review and selection, with any disagreement
being settled by consensus. A specific spreadsheet program (Excel, Microsoft Windows
10 Pro) was used for data collection and summarizing descriptive information and results
from the included studies. Relevant data comprised of first author’s surname, year of
publication, population, study design, exposure, outcome variables and relevant results.
The tables were drafted and classified by study design (cross-sectional, longitudinal, or



UNIVERSITAT ROVIRA I VIRGILI
DIET QUALITY, EATING BEHAVIORS, OTHER LIFESTYLE FACTORS AND CARDIOMETABOLIC RISK IN CHILDREN
Tany Elizabeth Garciduefias Fimbres

Nutrients 2021, 13, 1687

30f28

interventional) and age group (children or adult); their eligibility was widely discussed
by consensus.

2.4. Exposures

Definitions for eating speed, eating rate, and eating frequency display great variability
among studies. Below will describe the definitions used in the present review.

According to the literature, eating speed and eating rate are frequently used as syn-
onyms, being mainly defined, as the time required to eat an amount of food. The most
frequent assessment method used was based on self-reporting (subjective), but timers,
videotapes, and direct observation were occasionally used to objectively assess eating
speed or eating rate.

Eating frequency corresponds to the number of eating occasions per day [12], moreover
some authors reported meal and/or snack frequency. Eating frequency is often assessed by
self-report, but a few authors evaluated frequency and whether it was considered a meal
or snack according to the energy percentage contribution (% energy) or based on the hour
(clock time) [13-16].

2.5. Outcomes

In the present review, overweight and obesity in adults was defined asa BMI > 25 kg / m?
and a BMI > 30 kg/m?, respectively. Meanwhile in children, excess body weight was evalu-
ated with BMI in kg/m? (according to IOTF criteria [26-29], British Growth reference crite-
ria [14] or Central for Disease Control and Prevention criteria [12]) or percentiles (according to
CDC criteria [30,31] or WHO criteria [32]), as well as BMI z-scores [4,10,12,14,17,24,25,27,31].
Abdominal obesity, in adults, was defined by WC cut-offs according to ethnicity. In Asian
populations, cut-off points were established by having a waist circumference >85 cm
in men, and >80 cm in women [33,34]. For European populations the cut-off point for
abdominal obesity was considered as WC > 102 cm in men and >88 cm in women [33].
In children, only one study [32] evaluated abdominal obesity, which was defined as a
waist-hip ratio >0.5 [35].

In adults, MetS was defined [33,36-39] when 3 or more of the following factors were
present: (1) abdominal obesity: defined in Asian population as a waist circumference >85
in men, and >80 cm in women and in a European population as a WC > 102 cm in men and
>88 cm in women; (2) high blood pressure: systolic blood pressure >130 mmHg or diastolic
blood pressure >85 mmHg or taking an antihypertensive drug treatment; (3) high fasting
plasma glucose: >5.6 mmol/L (100 mg/dL) or on a drug treatment for type 2 diabetes; (4)
hypertriglyceridemia: >1.7 mmol/L (150 mg/dL) or on a drug treatment for high plasma
triglycerides; (5) reduced HDL-c: < 1.04 mmol/L (40 mg/dL) for men or <1.3 mmol/L
(50 mg/dL) for women.

In children, MetS was considered when there was central obesity (WC >90th percentile
or using the adult cut-offs if lower) along with the presence of >2 additional factors: (1)
high serum triglycerides: >1.7 mmol/L; (2) high fasting plasma glucose: >5.6 mmol/L;
(3) reduced HDL-c: <1.03 mmol/L; (4) high blood pressure: systolic blood pressure
>130 mmHg or diastolic blood pressure >85 mmHg [40]. In the case of Kelishadi et al. [32],
elevated blood pressure cut-offs were based on the 90th percentile of systolic and diastolic
blood pressure according to gender, age, and height [41].

Diet quality was assessed by distinct methods, such as the following indexes or scores:
healthy eating index [42,43], Mediterranean diet score [44,45], mean adequacy ratio [46,47],
healthy diet indicator [45,48], dietary guidelines index [49] or dietary quality score [50].

3. Results
3.1. Study Inclusion

The search identified 223 articles, 133 from PubMed and 90 from Web of Science.
Additionally, five articles meeting inclusion criteria were identified from the manual search.
Following an initial review of title and abstract, 176 articles were excluded: 33 duplicates,
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121 did not present relevant outcomes, and 18 were reviews. Based on review of full
manuscripts, an additional four articles were excluded by consensus due to irrelevant
exposure or outcome. Therefore, 52 articles were included in this review (Figure 1).

. Articles identified in Articles identified in
Articles identified by PubMed database Web of Science data-
manual search (n=5) (n=133) base

(n=190)

Articles after duplicates re-
moved (n=195)

Articles excluded based on Title/abstract:
> | = Study design (n=18)
= Irrelevant outcomes (n=121)

| » | Articles excluded. by consensus based on full-
text review:
* Inadequate exposures and/or outcomes (n=4)

V.

Articles included (n=152)

Figure 1. Flow diagram of the literature search and selection process.

3.2. Study Characteristic

Of the 52 studies, 18 were conducted in Asia, 14 in Europe, 18 in America, 1 in
Oceania, and 1 in America and Europe. The year of publication spanned from 1964 to
2020. Nine studies (one study explored both eating speed/rate and eating frequency)
included only children [4,12,14,24,26-28,30,31] one was based on children and adolescents
(<19 years-old) [51], two articles involved only adolescents [25,29], four articles recruited
children, adolescents and young adults [10,15,17,32] and finally, 36 articles included only
adults [2,5,9,11,13,16,18-23,52-75]. In total, 157,034 adults and 37,119 children and ado-
lescents in the cross-sectional studies were included. Longitudinal studies incorporated
64,583 adults and 5610 children, and interventional trials were conducted in 357 adults and
24 children.

3.3. Cross-Sectional Studies
3.3.1. Eating Speed /Rate
Table 1 shows the main characteristics and results from cross-sectional studies ex-

amining the associations between eating speed /rate with adiposity measures, metabolic
syndrome, and diet quality.
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Children

Regarding adipose measurements, fast eating speed /rate was significantly associated
with greater risk of overweight (odds ratio (OR) = 2.71; 95% CI: 2.10, 3.48) and over-
weight/obesity ( = 0.70; 95% CI: 0.33, 1.08) [27,28], waist circumference [24] and higher
BMI z-score [27]. Whereas, slowness in eating showed significantly inverse associations
with overweight (OR = 0.61; 95%CI: 0.41, 0.92) and waist circumference [26]. No studies
exploring dietary quality or metabolic risk biomarkers were found that met the inclusion
criteria of this review.

Adults

From the total number of included articles exploring the association between eating
speed and adiposity measures, four of them also examined MetS biomarkers, but none
explored an association with dietary quality. Seven articles examined BMI, six looked
at WC, and one assessed body weight. Hamada et al. [53] studied the speed of eating,
subjectively (self-reported) and objectively (total number of chews, number of chews per
bite, total meal duration, number of bites, chewing rate). They observed significant inverse
correlations between total number of chews and total meal duration with body weight,
BMI, waist circumference and abdominal obesity [53]. Moreover, several authors reported
significant associations between self-reported fast eating speed /rate and increased risk for
abdominal obesity prevalence [19,53,55], BMI [13,18,20,52,54], and larger WC [52,54]. No
significant associations between eating speed and adiposity were reported in a study of a
Spanish population conducted by Paz-Graniel et al. [21].

Regarding components of MetS, four studies explored associations between eating
speed/rate and fasting plasma glucose, HDL-c, triglycerides, and blood pressure, and
two studies assessed the risk of MetS prevalence. Paz-Graniel et al. [21] observed a
59% higher risk of hypertriglyceridemia in the fastest eating speed group compared to
the slowest (HR = 1.59; 95% CI: 1.16-2.17). Similar results were reported in two addi-
tional studies [19,55], where fast-eating speed was associated with 7-69% greater risk of
higher triglycerides. Fast eating speed/rate was also significantly associated with higher
prevalence of low HDL-c [19,55] fasting plasma glucose [19], blood pressure [19], and
MetS [19,55]. Nonetheless, not all cross-sectional studies in adults found significant associ-
ations between eating speed/rate and prevalence of high fasting plasma glucose [18,21,55]
low HDL-c [18,21], high blood pressure [18,21,55], or MetS [21].

3.3.2. Eating Frequency

Table 2 shows the description and relevant results from cross-sectional studies examining
the associations between eating frequency with adiposity measures, MetS, and diet quality.

Children

The association between eating frequency and adiposity measures was explored in
seven cross-sectional studies, four of these examined associations with BMI and waist
circumference, three explored associations with BMI z-score, and two with total body
weight. Significant inverse associations were reported between eating frequency and
BMI [14,26,29,32], BMI z-score [14,25], body weight (3 = —0.78) [14], WC [14,25,26], and
abdominal obesity (OR = 0.73; 95% CI: 0.63, 0.85) [32]. In one study [14] an increase in
eating frequency was significantly associated with higher BMI z-score in children with
central obesity. In British and American adolescents, for every additional daily eating
occasion or meal frequency, a significant increase in BMI z-score was observed [10,17].
No additional associations between eating frequency and anthropometric measures were
reported in children [25,29,32].
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MetS components as outcomes were examined in four cross-sectional studies. Ameri-
can and Finnish boys with higher eating frequency had significantly lower serum triglyc-
erides concentrations (OR = 0.48; 95% CI: 0.26, 0.89) [29]. No additional associations with
MetS components were found [10,25,29,32].

Evidence relating to diet quality in children and adolescents showed significant
positive associations among eating frequency, meal frequency, or snack frequency and
diet quality [15,51]. Other authors found significant negative associations with eating
frequency [17], meal frequency [17], and snack frequency [17,51].

Adults

In total, 11 cross-sectional studies examined associations between eating frequency and
adiposity in adults. A greater eating frequency was significantly associated with lower body
weight [61], lower BMI [23,62,63,65] and lower waist circumference compared to a lower eating
frequency [23,65]. Research conducted in British and Saudi participants [16,59,64] reported
significant positive associations between snack frequency [16,59] or meal frequency [16] and
the prevalence of overweight or obesity. In a study conducted by Fabry et al. [75], lower
meal frequency was significant associated with higher overweight prevalence.

Individuals with high meal frequency [16] or snack frequency [16,64] have been
reported to present with larger WC. In stratified analyses by weight status, men with
BMI < 25 kg/m? were reported to have a negative association between snack frequency
and WC ( = —0.52, 95% CI: —0.90, —0.14) [64]. This was not observed in women, however,
in women with a BMI > 25 kg/m? a higher snack frequency was positively associated with
WC (B =0.80, 95% CI: 0.34, 1.26). In this study, women with waist circumference >88 cm
showed a significantly greater snack frequency during the evening [64]. In South Korean
participants, higher total eating frequency, but not the frequency of eating snacks, was
significantly associated with lower BMI in participants with higher diet quality [23]. House
et al. [63] reported that a significantly higher BMI z-score was observed in participants
eating three or less meals per day compared to those eating four daily meals. Other
authors [60,61,63] have reported no significant associations between eating frequency and
BMI, body weight or WC. Kim et al. [22] reported that South Korean participants with a
high frequency of eating and snacking and abdominal obesity had a 50% lower risk of
having hypertension (OR = 0.5; 95% CI: 0.31, 0.82). Participants with high snack frequency
and low diet quality also showed 50% lower risk of hypertension (OR = 0.5; 95% CI: 0.23,
0.89) compared to those with no snack consumption.

Seven cross-sectional studies assessed associations between meal or snaking frequency
and diet quality. Significant positive associations were observed between eating frequency,
meal frequency or snack frequency and diet quality in six studies [11,16,57,58,65,66]. A
significant but negative association between diet quality and distinct assessment methods
for snack frequency have also been reported [16]. In one study, no associations between
these exposures and diet quality were found [60].

3.4. Longitudinal Studies
3.4.1. Eating Speed /Rate

Table 3 shows longitudinal studies exploring the associations between eating speed /rate
and adiposity outcomes.
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Children

Only one longitudinal study met inclusion criteria. After 1 year of follow-up, Okubo et al. [28]
reported a positive association between rate of eating at 30 months of age and overweight
or obesity at 42 months of age ( = 0.67; 95% CI: 0.24-1.10).

Adults

All of the longitudinal studies included explored adiposity measures but only one
examined MetS components. Tanihara et al. [9] and Yamane et al. [2] observed that a fast
eating speed /rate was associated with a significantly increased risk of being overweight,
however in another study conducted in New Zealand [56] no significant associations
were reported. Fast eating speed/rate was also associated with a 35% increased risk of
developing increased WC (hazard ratio (HR) = 1.35; 95% CI: 1.10-1.66) [5], a 37% higher
risk for developing low HDL-c (HR = 1.37; 95% CI: 1.12-1.67) and were 30% more likely to
experience MetS incidence (HR = 1.30; 95% CI: 1.05-1.60) in a Japanese population [5].

3.4.2. Eating Frequency

Table 4 shows the characteristics of the longitudinal studies included examining the
associations between eating frequency and adiposity, MetS or diet quality.

Children

Three longitudinal studies explored the association between eating frequency and
anthropometric measures. In two studies, each with a 10-year follow-up, eating frequency
was shown to be significantly inversely associated with WC [30], BMI z-score [31] and
BMI [30]. Ritchie et al. [30], reported that greater meal frequency was associated with
higher BMI in American female adolescents. Additional associations for BMI z-score and
overweight were not observed [4,31].

Adults

Two longitudinal articles exploring the association of eating frequency with adiposity
met inclusion criteria. Kahleova et al. [67] conducted a 7-year follow-up study, reporting
a positive association between eating frequency and changes in BMI (3 = 0.04; 95% CI:
0.02-0.06). Whereas, Larsen et al. [74] observed that higher baseline meal frequency was
associated with a decrease in BMI (3 = —0.14; 95% CI: —0.27-0.00) and waist circumference
(B = —0.49; 95% CI: —0.99-0.00) during a 6-year follow-up [74].

3.5. Interventional Trials
3.5.1. Eating Speed /Rate

Table 5 summarizes the details of the intervention trials that met inclusion criteria assessing
the effect of eating speed /rate on adiposity measures, metabolic syndrome, and diet quality.

Children

Only one intervention trial met inclusion criteria. Faith et al. [12] conducted an 8-week
parallel study in 24 American children aged 4 to 8 years old. The participants in the
intervention group attended interactive sessions focused on decelerate eating speed and
were encouraged to eat slower through the use of timers and the performance of interactive
activities with their families during eating occasions. The eating speed decreased in the
intervention group and was associated with significantly lower BMI and BMI z-score.

Adults

No intervention trials met inclusion criteria assessing eating speed /rate in adults.

3.5.2. Eating Frequency

Table 6 shows the characteristics and relevant results from intervention articles inves-
tigating the effect of eating frequency on adiposity measures, MetS, and diet quality.
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Children

No intervention trials article met inclusion criteria assessing eating frequency in children.

Adults

Three intervention trials investigated the effect of eating frequency on measures of
adiposity. Stote et al. [72] conducted a crossover study in Americans, where the intervention
consisted of either one or three daily meals for two 8-week periods. Compared with one
daily meal, the group consuming the three daily meals pattern had a significantly higher
body weight. In a Turkish study, different dietary patterns showed no effects for WC or
BMI [73]. Similarly, an American trial studying meal frequency also did not observe a
significant effect on body weight, WC or BMI [71]. Diet quality was not examined in any
intervention trial that met inclusion criteria for adults.

The impact of eating frequency on MetS components was examined in seven interven-
tion trials. Stote et al. [72] reported that greater meal frequency resulted in a significantly
lower blood pressure and HDL-c. An American study [69], comparing consumption of two
or six daily meals for a total of 6 weeks reported that low-eating frequency induced higher
HDL-c levels. In an American population, compared with one daily meal, three meals per
day led to a significantly lower fasting plasma glucose in a study that lasted 18 weeks [70].
Kanaley et al. [68] conducted a study in Americans in which the main interventions were
a dietary pattern consisting of three meals, six meals or six high protein meals per day.
Compared to the dietary patterns involving three meals or six meals, eating six high protein
daily meals led to lower levels of fasting plasma glucose [68]. Other studies [72,73] reported
no significant effects of different eating frequency patterns on MetS components.

4. Discussion

The findings of this review suggest that a faster eating speed/rate could be associated
with an increased risk of adiposity and MetS or its components. Furthermore, a greater
eating frequency may be mainly associated with diet quality and lower risk of adiposity
and MetS or its components.

Regarding eating speed/rate in children, some cross-sectional studies concluded that
eating speed was positively associated with overweight [26,27] and positively correlated
to WC [24]. Similar results were also reported in a longitudinal [28] and in an interven-
tional trial [12]. Associations between eating frequency and adiposity (BMI, BMI z-score,
waist circumference and body weight) in children were mainly inversely associated in
cross-sectional [25,26,29] and longitudinal studies [30,31]. However, some authors reported
positive associations between eating frequency and BMI z-score in adolescents [10,17]
and in children with central obesity [14]. In adults self-reported faster eating speed was
frequently associated with higher risk of overweight or obesity and larger WC [13,20] in
cross-sectional studies but only overweight was associated with faster eating speed/rate in
longitudinal studies [2,9]. However, an observational study reported positive partial corre-
lations between objective eating speed with BMI, body weight, and WC [53]. Regarding
eating frequency, inverse associations were reported in cross-sectional and longitudinal
studies with adiposity indicators [74,75], except for a few observational and interventional
studies that otherwise reported positive associations [16,64,72]. Differences in the find-
ings among studies could be partly explained by gender-specific lifestyle factors such as
body composition, physical activity, hormone function, and dietary habits [76]. Moreover,
cardiovascular risk factors may coexist simultaneously, increasing the risk of developing
additional related metabolic alterations as a result of synergic effects [19]. In childhood,
it has been proposed by some authors that higher parenthood control [77,78] and conse-
quently feeding restriction, as well as an improvement in energy compensation, which
declines with age [14] may contribute to disparities in adiposity, BMI z-score, or body
weight for age until 5 years old [79].

With regard to diet quality, few cross-sectional studies reported that higher eating
frequency, snack frequency and meal frequency improved diet quality in American children
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and adolescents [15,51]. On the contrary, inverse associations between snack frequency
and diet quality were reported mainly in teenagers [17,51]. Similar to in adulthood, more
autonomy in food choices prevail in adolescence, and this may play an important role in the
quality of the diet, especially in regard to snacking. [51]. In adults, higher diet quality was
mainly positively associated with the number of eating occasions [16,57,58,65]. However,
one author reported inverse results specifically for snack frequency [16]. It should be noted
that snack frequency was usually defined as the number of eating occasions outside of
main meals [16] and that differed from meals based on the amount of energy contributed.
Nowadays a harmonized, globally accepted criterion for diet quality has not been defined,
perhaps due to differences in culture and traditions. However, several organizations have
published dietary guidelines that describe specific indicators, groups of food or even
healthy dietary patterns, which may be used to fit a priori diet quality indexes as were
described in the articles included in this review.

With reference to MetS and its components, observational studies conducted in adults
showed that eating speed/rate was significantly associated with MetS onset [5,19,55], high
fasting plasma glucose, triglycerides, blood pressure [18,19,21], and low HDL-c [18,55]. In
contrast, distinct assessment methods of eating frequency were inversely associated with
lower risk of hypertension in adults with abdominal obesity or with lower diet quality [22].
Furthermore, in interventional trials, a greater eating frequency was associated with lower
fasting plasma glucose [68,70].

The potential mechanism by which eating behaviors (eating speed/rate or eating
frequency) are linked to adiposity and cardiometabolic risk factors remain unclear. Eating
is a complex physiological act influenced by multiple endogenous and exogenous factors.
Previous studies highlight mastication [27], bite frequency [80,81], oral sensory exposure
to meals and food texture as potential determinants for feeding regulation, chiefly by
inducing gastrointestinal hormonal secretion [82,83]. In this process, numerous gastroin-
testinal hormones are involved but mainly ghrelin, peptide YY, leptin and insulin [82], are
noted to play a key role in energy intake, [84] adiposity and metabolism [85]. Leptin and
insulin are classified as long-acting adiposity signals due to their role in lipid and glucose
metabolism [86], with an important influence on adiposity regulation [82]. While ghrelin
determines meal initiation and peptide YY induces a decrease in appetite [87]. In fact, an
increase in peptide YY has been reported with slowing eating speed [83]. Additionally, it
has been suggested that longer oro-sensory exposure may promote greater satiation and
therefore, a protective effect on overfeeding [24]. Moreover, eating frequency has been
related to satiety [88] and thermic effect of food, which has the potential to impact metabolic
rate [63]. Additionally, a lower eating frequency has been associated with reduced insulin
sensitivity caused by a higher insulin response to meals in irregular eaters [22]. This is
related to overactivation of the sympathetic nervous system, excess of angiotensinogen
secretion and renal sodium retention with evident effects in blood pressure.

Despite the potential effects of eating behaviors (eating speed and eating frequency),
it is already known that the onset of overweight, obesity, and MetS is the result of a
multifactorial etiology [89], such as gene—environment factors [3] (including weight gained
during pregnancy [29] or parental BMI [28]), type of population [32], sleep duration [29],
ethnicity [90], parental income [26] and physical activity [30]. Furthermore, we cannot
disregard the influence of differences in methodology (follow-up periods, intervention
group, age, socioeconomic status, total energy intake, cultural differences in dietary habits,
etc.) among studies that might explained the discrepancies observed in the present findings.

In the present review we sought to synthetize the available evidence regarding eating
behaviors in relation to adiposity, MetS components and diet quality. However, this review
is not without limitations. First, due to its design, cause—effect associations in cross-sectional
and longitudinal studies are not possible to discern and we cannot disregard that relevant
articles may exist that were not included. Secondly, drawing firm conclusions is difficult
due to the great variability and heterogeneity between articles, the lack of consensus about
eating speed /rate and eating frequency definitions, as well as differences in overweight
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or obesity definitions used for children. Third, eating speed/rate was explored, in the
vast majority of studies, subjectively through self-reported questionnaires, which may not
reflect true eating speed /rate [53]. Moreover, BMI was used frequently to assess adiposity
despite its several limitations [91]. Similarly, it is important to highlight that one study
used an out-of-date definition of overweight [75]. A special consideration about the criteria
used to define metabolic syndrome is that is has undergone several variations since 1999.
However, all of the articles included in the present review used the harmonized criteria
established by Alberti et al., in 2009 except for one study which used the ATPIII criteria.
Likewise, it is necessary to highlight the limited number of studies conducted in children,
and the scarcity of longitudinal and interventional trials exploring associations between
eating speed/rate or meal frequency and diet quality.

5. Conclusions

Limited evidence suggests an association between faster eating speed/rate, adiposity
and increased risk of developing MetS. While a higher eating frequency is associated
with lower adiposity, better diet quality and lower MetS risk. However, more long-term
and interventional trials are warranted in the future to clarify these associations and the
mechanisms by which they affect adiposity and cardiometabolic health. If these associations
were proven, strategies focused on eating behaviors in early life, such as eating speed/rate
and eating frequency may be recommended for the prevention of excess body weight,
cardiovascular risk, and metabolic disease development.
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4.6. Physical activity

In children, this lifestyle behavior has been widely assessed in
relation to obesity since past years''®122, Nevertheless, associations
with cardiometabolic risk factors have started to be especially
inquired until recently!'6123124  Recommendations for physical
activity in childhood varies according to age however, is has been
recognized that younger children required higher levels of physical
activity in order to decrease the risk of disease 12126, Therefore,
compliance with recommendations of moderate-to-vigorous
physical activity has been reported in association with lower
adiposity*?!. Physical activity has also been associated with
improvements of some comorbidities of obesity such as systemic

122 3nd insulin resistance?’, for which a reduction in

inflammation
BMI was observed in parallel*?’. Besides, favorable effects on
several cardiometabolic risk factors were reported by different
types of exercise!'®12812% including aerobic physical activity'?,
resistance physical activity’®® and moderate-to-high intensity
interval training3°. However, differences on these effects have been
observed according to duration, training time, the setting and the
work/rest ratio'3C. Furthermore, physical activity may act as a
mediator in the association between some lifestyle behaviors, such

131 |n addition,

as diet, and levels of cardiometabolic risk factors
concomitant associations between diet, sleep duration and

sedentary behaviors have been reported in relation to the
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cardiometabolic profile according to physical activity levels!3?,
which might contribute to some of the health outcomes associated

with physical activity.

4.7. Sedentary behaviors

At present, digital media devices (e.g., television, computer, newer
mobile devices, etc.) are ubiquitous and an important part of our
daily lives, so their impact on childhood health have become a Public
Health concern!®3. The current screentime recommendation is

limited to 2 hours per day®**

and it has been suggested that non-
compliance could contribute to certain health disorders in children.
Regarding its consequences on cardiometabolic profile, higher
screentime has been associated with adiposity!333> and other
cardiometabolic disorders!'”13¢ in children. Some differences in
these outcomes have been observed according to sex'3”138, weight
status'3’, mealtime digital media use!36139140 or type of digital
media device used'®’. At the same time, digital media use during
mealtimes has been observed in association with variations on
cardiometabolic outcomes according to age and the specific
mealtime36, With respect to obesity-related health disorders, a
higher risk to develop some of them such as insulin resistance have
been observed in association with the increased number of digital
media devices in children’s bedroom'?’. At the same time, digital
media use!33!41 and eating whilst watching TV3? has been reported

in association with decreased intake of plant-based foods'*® but
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increased consumption of food in overall**!, especially unhealthy
food®33142 such as high-fat and/or high-sugar foods'?, including
sugar-sweetened beverages, pizza, fried foods, sweets, and
snacks!®®. Some authors have suggested that these associations
could be potentially related to digital media content!*? and/or food
advertising promotions!4144, Additionally, there is evidence of a
potential indirect association between screentime and physical

activity that may contribute to health outcomes 7.

4.8. Sleep duration

Sleep is a vital part of human’s life and is especially essential for
children’s health!4>%46, Therefore, certain sleep characteristics such
as duration, timing and variability have been continually assessed,
objectively and subjectively, in association with health'*’. According
to the National Sleep Foundation!*®, sleep duration requirements
are consistent with the life stage and tend to decrease over the
years. Also, there is a consensus on sleep quality recommendations
that can be summarized in shorter sleep latencies, fewer
awakenings, reduce wake after sleep onset, regardless of agel®.
Compliance with recommendations has been reported in
association with extrinsic and intrinsic factors such as bedtime°9151
child age, temperament, digital media use, parenting style and

151 among others. Sleep duration has been

socioeconomic status
widely assessed so that longer sleep duration has been associated
with lower adiposity'>!>2 and shorter sleep duration with higher
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adiposity 1>371%6, Stronger associations between short sleep duration
and increased risk of obesity have been reported in children aged 3-
13 year-old®>’. With regard to other cardiometabolic risk factors,
shorter sleep duration in early childhood was associated with higher
HDL-c concentrations **8 , higher blood pressure®>%6% (which could
be independent of BMI**®) as well as insulin resistance®®3%% and
consequently decreased insulin sensitivity®*3. However, at present,
evidence on the associations between sleep duration and
systematic inflammation or cardiometabolic risk is inconsistent*®,
On the other hand, the sleeping pattern has also been observed in
association with other lifestyle behaviors so that short sleepers may
be more sedentary®®3, have greater dietary energy intake'! and

lower diet quality*3'6! , while long sleepers could spend more time

physically active!>3162,

4.9. Lifestyle behaviors scores

Traditionally, individual lifestyle behaviors have been assessed to
measure the impact of lifestyle on cardiometabolic health.
However, in recent years, some evidence in children has emerged
on the concomitant assessment of certain lifestyle behaviors,

including physical activity, diet, sleep duration and sedentary

behavior5111,163—165

Bawaked et al.!'! created the Child healthy lifestyle score (CHLS)

comprised of either favorable (extracurricular physical activity,
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sleep duration and plant-based foods consumption) or unfavorable
(screentime and consumption of ultra-processed food) lifestyle
behaviors which were divided into tertiles and given a score
according to their beneficial or detrimental potential effects so
higher scores corresponded to greater adherence to healthy
lifestyles''?, On the other hand, in a population of European children
from 8 countries, other composite adherence score was
estimated'®* according to the compliance with key targets of some
lifestyle behaviors such as water-sweetened beverages,
vegetables/fruits consumption, screentime, physical activity, sleep
duration and stress-related behaviors, in which adhering to four or
more of these key targets was regarded as a healthier lifestyle!®4,

163 \was created to assess its

The Preschoolers Diet-Lifestyle Index
association with obesity in preschool children by scoring dietary
intake (fruits, vegetables, red meat, meat products, white meat,
fish, seafood, legumes, dairy products, sweets, grains and
unsaturated fats), moderate-to-vigorous physical activity and
screentime, for which the total score was summed and divided into
tertiles. Greater adherence to healthy lifestyle behaviors in all these
scores!!1163,164 was observed in association with lower adiposity, at
baseline'%163.164 and/or in long-term?!'!. The combined detrimental
impact of lifestyle behaviors has also been assessed in children'®, in

short and long-term. In this scoring system %>, the lifestyle factors

assessed were certain children’s factors (weight status, physical
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inactivity, outdoors time, breakfast consumption, digital media use)
but also parental factors (weight status, physical inactivity and
smoking habit). According to the sum of all negative lifestyle factors,
a higher number was associated to higher risk for cardiometabolic
disorders'®. Similarly, to the Preschoolers Diet-Lifestyle Index!®3,
the concomitant associations between some lifestyle behaviors and
certain obesity comorbidities, such as insulin resistance, were
explored by another lifestyle-diet quality index'®®, for which the
likelihood of showing insulin resistance was lower in those

schoolchildren with higher adherence to healthy lifestyle profiles'®®.

5. Obesity and cardiometabolic risk in childhood:
prevention
There is no single prevention measure that could halt the growing
obesity epidemic'®’. To address obesity requires to considerate its
etiology context’4, since it is multi-causal, and a whole-of-
government approach®®®1 |t has been suggested that prevention
of childhood obesity and its comorbidities should comprise care for
women before conception and in pregnancy as well as children’s
health, which must involve a wide range of lifestyle interventions’%-
173 such as diet, physical activity and many other factors®174,
Greater benefits in the prevention of obesity and cardiometabolic
disorders in childhood has been observed by the supervision of a

multidisciplinary team that includes dietitians and physicians *’>

, as
well as the participation of parents’®'’7 and family'’817°,
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Across the world, obesity is a widely extended Public Health major
concern. It represents one of the most prevalent non-communicable
diseases which is linked to a considerable number of comorbidities,
including cardiometabolic disorders, and could lead to disability and
death. The early onset of obesity has been associated with higher
risk of related complications in the upcoming life stages. In Europe,
near to 1 in 3 schoolchildren have overweight or obesity and its
tendency is to increase. This is mainly due to its etiology which
comprises an intricated interrelated network of several factors that
coexist with the loss of normal hormone function and other internal
body processes creating an obesogenic vicious cycle that results in a
great challenge to address. At the same time, further potential
obesity risk factors have been suggested however, the evidence in

children is very limited.

The role of diet quality in obesity has been recognized for years.
Evidence highlights the importance of a healthy diet, mainly
abundant in plant-based and minimally processed foods, in the
prevention and treatment of obesity at all ages. However, the
impact of certain specific dietary patterns such as MedDiet, an
extensively consumed dietary pattern in Mediterranean countries,
on obesity and other cardiometabolic disorders has been mainly
assessed in adults and their benefits are well-recognized in this life

stage however, these have yet to be acknowledged in children.
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On the other hand, in recent years there has emerged a growing
interest in additional diet-associated eating behaviors, such as
eating speed, as potential risk factors for obesity and
cardiometabolic disorders. Nevertheless, evidence is still scarce,
especially in children, and is controversial mainly due to the lack of

a universal definition and a frame of reference for adequate values.

In the last years, lifestyle has been determined as a relevant risk
factor for adiposity and its associated cardiometabolic risk. Lifestyle
behaviors have usually been assessed individually albeit in recent
years, they have begun to be assessed concomitantly, mainly those
traditional lifestyle behaviors whose detrimental effects on health
are well-recognized (e.g., physical activity, consumption of plant-
based foods, sleep duration, sedentary behaviors, among others).
To the best of our knowledge, no previous published studies have
assessed the impact on cardiometabolic health by the co-
occurrence of traditional lifestyle behaviors and a few others such

as eating speed and adherence to the MedDiet, in children.

In this sense, given that the foundation of future health is stablished
in childhood and especially in early life, a greater contribution to
scientific evidence in all these fields is key to help addressing the
global obesity pandemic and alleviate its effects on present and

future generations.
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Hypothesis

In a population of healthy Spanish preschool children, fast eating
speed is associated with increased adiposity and higher levels of
cardiometabolic risk factors, as well as lower diet quality. In
addition, greater diet quality, slow eating and compliance with
recommendations for breastfeeding, physical activity, sleep
duration and sedentary behaviors are associated with a lower
prevalence risk of overweight or obesity and decreased levels of
certain cardiometabolic risk factors which could lead to decreased

risk of disease in childhood and adulthood.

Objectives

a. General objective
To assess the association between diet quality, eating speed, eating
frequency and other lifestyle behaviors and cardiometabolic risk
factors (adiposity, blood pressure, fasting plasma glucose and lipids
profile) in a population of healthy Spanish children aged 3-6 years.
b. Specific objectives
i. Tosummarized evidence on the associations of eating speed
and eating frequency with adiposity, cardiometabolic risk
and diet quality in children.
ii. Toassessthe associations between eating speed, diet quality

and cardiometabolic risk factors in CORALS study cohort.
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iii. To analyze the associations between a composite score
comprised of 6 healthy lifestyle behaviors as well as its
individual components (breastfeeding, sleep duration,
physical activity, screentime, adherence to MedDiet and
eating speed) with cardiometabolic disorders in CORALS

study cohort.
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The present doctorate thesis has been performed in the context of
one review and two original articles. This section will describe the
methodology of the original articles, which have been conducted in

the framework of CORALS study.

1. Childhood Obesity Risk Assessment
Longitudinal Study (CORALS)

1.1. Study Design and Obijectives

CORALS is a prospective ongoing multicenter study conducted in
preschool children from 7 Spanish cities (Barcelona, Cérdoba,
Navarra, Reus, Santiago de Compostela, Valencia and Zaragoza) with
a 10-year follow-up. The main aim is to identify the risk factors for
childhood obesity. Secondary objectives include the assessment of
the associations between obesity as well as its comorbidities and: a)
perinatal risk, socioeconomic, cultural and environmental factors; b)
lifestyle patterns (diet, drinks consumption, physical activity,
sedentary behaviors, sleeping pattern) and «c¢) genetic
polymorphisms, metabolomic and metagenomic profiles (assessed
by omics techniques). The Ethics Committee of each recruitment
center approved the study protocol (Reference numbers: 051/2019;
4155/2019; 2019/18; 9/19; 09/2019; 19/27; 2019/131), which was
conducted following the standards of the Declaration of Helsinki. A
written informed consent was signed by parents or caregivers of all

participants recruited.
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1.2. Study population

Eligible participants were children aged 3-6 years whose tutors had
agreed to participate. From March 2019 to July 2023, a total of 1508
participants met inclusion criteria and were included in CORALS
study. The inclusion criteria included to sign the consent form;
attend the inclusion visit and fulfill the questionnaire for leisure-
time physical activity and the 3-days food record. The exclusion
criteria were to belong to a family with difficulty participating;
comprehension or language difficulties or to have unstable

residence.

1.3. Data assessments

1.3.1. Early life and maternal factors

Early life factors and family factors were assessed by questionnaires
including beginning/ending of breastfeeding (months), weight at
birth (kg) and certain maternal characteristics such as weight gain
during pregnancy (kg), weight (kg), height (m), educational level
(primary or lower, secondary, academic-graduate or no reported)
and socio-professional category (homemaker, student, retired,
unemployed or employee). The duration of breastfeeding was
estimated and then classified according to WHO recommendations
(<6 months or =6 months)&. Maternal weight status was estimated
according to BMI and re-categorized in underweight/normal weight

(<25 kg/m?) and overweight/obesity (=25 kg/m?) 81,
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1.3.2. Diet and nutrients

Dietary assessment was performed by semi-quantitative 125-item
food frequency questionnaires which aim was to evaluate the
average daily nutrient intake over the last year. For each item, all
possible answers were transformed into grams or milliliters per day
using the standard portion size of each item. Spanish dietary
databases!®?718* were used to estimate total energy (kcal/day) and
nutrient intake. Dietary assessment included protein intake per
body weight (grams of daily protein intake/body weight) as well as
percentage for daily intake of carbohydrates, proteins, and fatty
acids. The frequency of consumption (g/day) was assessed for dairy
products, vegetables, fruits, nuts, protein foods, cereals and

legumes, pastries, candies, and beverages.

1.3.3. Diet quality

An 18-item MedDiet ad-hoc questionnaire adapted to children was
provided to parents or caregivers. This questionnaire is derived from
a MedDiet score validated in the study population of the PREDIMED-

Plus clinical trial*®>,
The 18-item MedDiet questionnaire assessed the consumption of:

a) Foods included in the MedDiet such as olive oil, fruits,
vegetables, cereals, nuts, seeds, cheese, yogurt, legumes, fish,

seafood, poultry, and rabbit.
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b) Foods not included in the MedDiet such as butter, cream,
carbonated/sugary beverages, junk food, dairy desserts and
pre-cooked/ready to eat food.

c) Certain typical foods consumed by children (e.g., gummy
worms, sweets, petit suisse, etc.) that are not included in the
MedDiet, for which, in some cases, the amount of servings was

adapted.

Fulfilling each item sum 1 point to total score. Therefore, the score
range was from 0 to 18 points in which 0 points meant null

adherence and 18 points meant the highest adherence to MedDiet.

1.3.4. Eating Speed

Parents or caregivers completed the question ‘How long does it
usually take for your child to eat in each meal?’ for breakfast, lunch,
and dinner. Eating speed was estimated by summing the total
minutes reported in the 3 main meals. Then, tertiles were created
in order to classify eating speed in categories (slow, moderate and

fast).

1.3.5. Physical activity

The physical activity was assessed by a questionnaire based on the
Outdoor Playtime Checklist and the Outdoor Playtime Recall
Questions'®. The total length per week (hours) was estimated by
summing the time of participation reported in physical education

classes and extracurricular sports and physical activities.
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The Active Lifestyle score was assessed by a 13-item ad hoc
guestionnaire based on leisure physical activities and sedentary

behaviors so that a higher score represents a more active lifestyle.

1.3.6. Sleep

The duration of nighttime sleep and naps on weekdays and weekend
days/holidays was assessed separately by the questions: ‘how long
does your child sleep at night?’ and ‘how long does your child nap?’.
Daily sleep duration (hours/day) was estimated by summing the
total duration of nighttime sleep and naps and then was divided by

7 (which corresponds to the total number of days of a week).

1.3.7. Screentime

Digital media use (television, computer, cell phone, game console)
was assessed separately for weekdays and weekends days using the
following questions: ‘how long does your child watch television?’
and ‘how long does your child play in the computer/cell

phone/game console?’.

1.3.8. Adiposity

Anthropometric measures were assessed by registered staff,
according to standard procedures and with light clothing but no
shoes. A precision scale (Tanita MC780SMA; Tanita Europe, B.V.)
was used to estimated body weight (kg) and body fat mass (kg; by
bioelectrical impedance). The height (cm) was measured by a

portable stadiometer (seca 213, Escala 20-205 cm; SECA). A
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measuring tape (seca 201) was used to measure waist
circumference, midway between the lowest rib and the iliac crest.
Weight status was estimated 7 according to BMI (kg/m?) and re-
categorized in underweight/normal weight and overweight/obesity.
Fat mass index (FMI) was calculated as body fat mass (kg)/height?,

according to Vanltilleet al. 188

1.3.9. Blood pressure

The blood pressure was measured in triplicate at 5-minutes intervals
with an automatic oscillometer (Omron M3 Intellisense HEM-75051-
EV; IOMRON Healthcare Europe B.V.) and a child-adapted cuff in
the nondominant arm. Systolic and diastolic blood pressure were

reported, separately, as the mean of all determinations in each case.

1.3.10. Lipids and fasting plasma glucose

The collection of blood samples was performed in primary care
centers by Pediatrics expert nurses in fasting conditions (8 hours).
Serum and plasma samples were used to determine fasting plasma
glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-
c), low-density lipoprotein cholesterol (LDL-c), and triglycerides.
Non-high-density lipoprotein cholesterol (non-HDL-c) was

estimated according to the equation suggested by Frost et al%,

1.4. Statistical Analyses

The detailed statistical analyses have been reported in each original

article and therefore, a summary will be described in this
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subsection. In the two original articles, cross-sectional analyses
were conducted using the CORALS database updated to December
2021. Exposure variables were categorized into tertiles so that
differences across tertiles in baseline general characteristics of the
populations studied were reported as mean + standard deviation
(SD) or median [interquartile range (IQR)] for continuous variables
and as percentage (numbers) for categorical variables according to
ANOVA, Kruskal Wallis or chi-square tests, respectively. Logistic
[odds ratio (OR); 95% confidence interval] and multiple linear [B;
95% confidence interval (Cl)] regression models were fitted to
assess the associations between exposure and outcomes variables.
Statistical significance was set at a two-tailed p-value < 0.05 with a
confidence interval of 95% and all the analyses were conducted

using Stata 14 software program (StataCorp).

2. Second article

“Associations between eating speed, diet quality, adiposity, and

cardiometabolic risk factors”

2.1. Selection of participants

From a total of 1371 preschool children recruited since March 2019
and until June 2021, 956 participants were included in the final
analyses. Participants attended the first visit, met eligibility and
inclusion criteria, did not have missing data or implausible reported

energy intake and had available data in the duration of main meals
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(breakfast, lunch and dinner). Children with current diagnosis of
chronic diseases such as diabetes mellitus type 2, hypertension, or

familiar hypercholesterolemia were excluded.

2.2. Specific data assessments

For the purposes of the second article, eating speed was re-
categorized so that the higher tertile corresponded to fast-eating
speed category. Also, additional analyses were conducted using the
Child Eating Behavior Questionnaire (CEBQ) scale “slowness in
eating” which was validated recently!®. The questions included in
this scale are: ‘my child finishes his/her meal quickly’; ‘my child eats
slowly’; ‘my child takes more than 30 minutes to finish a meal’ and
‘my child eats more and more slowly during the course of a meal’.
The CEBQ scale “slowness in eating” was divided into tertiles and
then re-categorized so that the 3™ tertile represented the fast-

eating speed category.

2.2.1. Statistical Analyses
For the purposes of the second article, the following additional
statistical analyses were conducted:

a) The reference category of the exposure variable

corresponded to the slow eating.

3. Third article

“Associations between eating speed, diet quality, adiposity and

cardiometabolic risk factors”
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3.1. Selection of participants

For the purposes of this article 938 participants were included in the
final analyses from the total of 1371 participants recruited until June
2021. Participants attended the first visit in CORALS, met
eligibility/inclusion criteria, had available and plausible values of
reported energy intake, available data in meals duration, physical
activity, breastfeeding, sleeping duration, the 18-item questionnaire
of adherence to the MedDiet and sedentary behaviors and no

current diagnosis for chronic diseases.

3.2. Specific data assessments
For the purposes of the third article, the following additional data

assessments were performed:

a) Weight at birth was categorized in low (<2.5 kg), normal (2.5-
3.9 kg), and high weight at birth (>4 kg), according to the
international cutoffs®l,

b) Participants were classified according to whether they were
exclusively breastfed during the first 6 months of life 8,

c) The highest tertile of eating speed represented slow eating
speed.

d) The total time per week of sports and physical activities was
categorized according to international recommendations!®?:
>120 min/week (compliance) and <120 min/week (non-

compliance).
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e) Sleep duration was categorized according to the National
Sleep Foundation's recommendations'*® in inadequate or
could be adequate (3-5 year-old: <10 or >13 h/day; 6 year-
old: <9 or >11 h/day) and adequate (3-5 year-old: 10-
13h/day; 6 year-old: 9-11h/day).

f) Daily screentime was estimated by summing the time
reported in each question and derived in a quantitative
variable, for which categories were created as follows: <2
h/day (compliance with recommendation) and >2 h/day

(non-compliance with recommendation)3*,

3.2.1. Composite score comprised of 6 healthy lifestyle
behaviors

This composite score was created according to compliance with
recommendations for breastfeeding, sleep duration, sports and
physical activities, screentime, adherence to the MedDiet and
eating speed. For breastfeeding, sleep duration, sports and physical
activities and screentime, non-compliance meant 0 points and
compliance with recommendations was scored with 1 point.
Adherence to the MedDiet and eating speed were classified into
tertiles in which a different scoring system was used (T1=0 points;
T2= 0.5 points; T3= 1 point) and 3™ tertiles corresponded to slow
eating speed and highest adherence to MedDiet, respectively. Total
score (0-6 points) was estimated by summing all the points.

Participants were classified into adherence categories according to
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tertiles in which the 3™ tertile corresponded to the highest

adherence to the 6 healthy lifestyle behaviors.

3.2.2. Statistical Analyses

For the purposes of the third article, Bonferroni’s tests for multiple
comparison were used in those one-factor ANOVA analyses that
were statistically significant. Further logistic or multiple linear
regression models were fitted in order to assess the individual
associations between lifestyle behaviors and cardiometabolic risk
factors. For all models, reference categories corresponded to the 1°

tertile.
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Summary of results

Fast-eating category was associated with higher prevalence risk of

overweight or obesity (OR, 2.9; 95% Cl, 1.8-4.4; P< 0.01); larger waist
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circumference (B, 2.6 cm; 95% Cl, 1.5-3.8; P< 0.01), and greater FMI
(B, 0.3 kg/m?; 95% Cl,0.1-0.5; P< 0.01), systolic blood pressure (B,
2.8 mmHg; 95% ClI, 0.6-4.9; P< 0.05), and fasting plasma glucose
levels (B, 2.7 mg/dL, 95% Cl,1.2-4.2; P< 0.01) but lower adherence
to the Mediterranean diet (B, 0.5 points; 95% Cl, 0.9 to 0.1; P< 0.05).

Conclusion

Eating fast is associated with higher levels of adiposity and certain
cardiometabolic risk factors, as well as lower adherence to the
Mediterranean diet in Spanish children. However, further
longitudinal studies and clinical trials are needed to confirm these

associations.
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Objective To assess the associations between eating speed, adiposity,
cardiometabolic risk factors, and diet quality in a cohort of Spanish pre-
school-children.

Study design A cross-sectional study in 1371 preschool age children
(49% girls; mean age, 4.8 + 1.0 years) from the Childhood Obesity Risk
Assessment Longitudinal Study (CORALS) cohort was conducted. After
exclusions, 956 participants were included in the analyses. The eating
speed was estimated by summing the total minutes used in each of the
3 main meals and then categorized into slow, moderate, or fast. Multiple
linear and logistic regression models were fitted to assess the B-coeffi-
cient, or OR and 95% CI, between eating speed and body mass index,
waist circumference, fat mass index (FMI), blood pressure, fasting
plasma glucose, and lipid profile.

Results Compared with participants in the slow-eating category, those
in the fast-eating category had a higher prevalence risk of overweight/
obesity (OR, 2.9; 95% CI, 1.8-4.4; P < .01); larger waist circumference
(B, 2.6 cm; 95% Cl, 1.5-3.8 cm); and greater FMI (B, 0.3 kg/mz; 95% Cl,
0.1-0.5 kg/m?), systolic blood pressure (B, 2.8 mmHg; 95% Cl, 0.6-
4.9 mmHg), and fasting plasma glucose levels (8, 2.7 mg/dL, 95% Cl,
1.2-4.2 mg/dL) but lower adherence to the Mediterranean diet (3, —0.5
points; 95% CI, —0.9 to —0.1 points).

Conclusions Eating fast is associated with higher adiposity, certain
cardiometabolic risk factors, and lower adherence to a Mediterranean
diet. Further long-term and interventional studies are warranted to
confirm these associations. (J Pediatr 2023;252:31-9).

he vast majority of strategies to prevent or treat overweight and obesity in
children are based on increasing physical activity, decreasing sedentary
behaviors, and promoting adherence to a healthy diet." However, some

BMI Body mass index

CEBQ Child Eating Behaviour Questionnaire

CESNID Centre d’Enseyament Superior de Nutrici6 i Dietetica
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HDL-c High-density lipoprotein cholesterol
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recent studies have reported that greater adiposity and other
cardiometabolic risk factors also can be influenced by certain
behaviors, such as eating speed and eating frequency, among
others, in adults, adolescents, and children.” Eating quickly
has been related to higher dietary energy intake, body mass
index (BMI),” obesity prevalence,” and certain metabolic
disorders.”” In contrast, chewing slowly and increasing the
number of chewing cycles during a meal have been nega-
tively associated with adiposity.® It has been proposed that
a slower eating speed might enhance the development of a
satiety signal, which could limit the total food intake.”

Even though a universal definition for “speed of eating”
has not been settled, a few authors define it as the time that
aperson takes to eat one meal.” Other authors refer to “eating
rate” (as the estimation in grams per minute of food
consumed)’ or “energy intake rate” (energy intake by unit
of time; kcalories per minute),'” which may be considered
more objective measures. Eating rate has been associated
with food textures,'' tastes,'’ and an increased overall en-
ergy.'” Some authors have suggested that a fast eating rate
is associated with high-fat content meals,'’ which usually
have a softer texture and intense taste.'> In addition, the con-
sumption of soft-textured foods may be associated with a
lower number of chewing cycles.'* Meanwhile, a low energy
intake rate has been associated with solid textures and low
water content,'’ whereas a greater energy intake rate has
been related to fat, sweet, and sour taste intensity,'’ as well
as to increased consumption of ultra-processed foods that
may contribute to poor dietary quality.'” A high energy
intake rate also has been associated with a faster eating rate.'

To our knowledge, associations between eating speed and
diet quality have not been explored in children, and their as-
sociations with cardiometabolic risk factors have been rarely
assessed. The present cross-sectional study aimed to assess
the associations between eating speed, diet quality, adiposity,
and cardiometabolic risk factors in a Spanish cohort of chil-
dren aged 3-6 years.

This cross-sectional study is based on the baseline data of the
Childhood Obesity Risk Assessment Longitudinal Study
(CORALS), a prospective ongoing multicenter study conduct-
ed in preschool children that has a 10-year expected follow-up
(https://corals.es/). The main aim of the CORALS project is to
identify potential risk factors for childhood obesity. Briefly,
eligible participants are children aged 3-6 years attending the
selected schools across 7 Spanish cities (Barcelona, Cérdoba,
Pamplona, Reus, Santiago de Compostela, Valencia, and Zar-
agoza) whose tutors had agreed to participate. To be enrolled
in the study, parents or caregivers had to sign a consent form,
attend the inclusion visit, and complete several questionnaires
(eg, leisure time physical activity, 3-day food record, social-
demographic data). The exclusion criteria include belonging
to a family with difficulty participating, comprehension or
language difficulties, and unstable residence.
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The Ethics Committee of each recruitment center
approved the study protocol (reference nos. 051/2019,
4155/2019, 2019/18, 9/19, 09/2019, 19/27, and 2019/131),
which was conducted following the standards of the Declara-
tion of Helsinki.

Children aged 3-6 years recruited between March 2019 and
June 2021 were selected (n = 1371). Participants who at-
tended the baseline visit and completed the provided ques-
tionnaires, as well as those who had available data in the
duration of breakfast, lunch, and dinner, were included in
the present analyses. Children with current diagnosis of
chronic diseases, such as diabetes mellitus type 2, hyperten-
sion, and familiar hypercholesterolemia, were excluded
from these analyses.

Eating speed was assessed through the question “How long
does it usually take for your child to eat in each meal?” Speed
was calculated by summing the total time (in minutes) re-
ported by parents in the 3 main meals (breakfast, lunch,
and dinner). Then categories for slow, moderate, and fast-
eating speed were determined by tertiles. These categories
were recategorized so that the highest tertile represents the
fast-eating category. Additional analyses were performed us-
ing as exposure variable the “slowness in eating” scale from
the validated Child Eating Behaviour Questionnaire
(CEBQ),"” which has been recently validated in Spanish chil-
dren of the same age.'® The possible responses included on
the CEBQ “slowness in eating” scale are “my child finishes
his/her meal quickly,” “my child eats slowly,” “my child takes
more than 30 minutes to finish a meal,” and “my child eats
more and more slowly during the course of a meal.” This
scale was categorized by tertiles that were recategorized,
with the third tertile as the fast-eating category.

Body weight (in kilograms) and body fat mass (in kilo-
grams) were assessed with a precision scale (Tanita
MC780SMA; Tanita Europe, B.V.). Body fat mass was as-
sessed by octopolar multifrequency bioelectrical impedance.
Height (in centimeters) was assessed using a portable stadi-
ometer (seca 213, Escala 20-205 cm; SECA). These assess-
ments were performed with the child in light clothing,
without shoes, and according to standard procedures. BMI
was calculated as weight (in kilograms) divided by height
(in meters squared) and classified as underweight/normal
weight or overweight/obesity using the cutoff points defined
by Cole et al."” Waist circumference was determined with a
measuring tape (seca 201), midway between the lowest rib
and the iliac crest. The fat mass index (FMI) was estimated
as body fat mass (in kilograms)/squared height (in meters).”’

Blood pressure was determined in the nondominant arm
and measured 3 times (with 5-minute intervals between mea-
surements) using an automatic oscillometer (Omron M3 In-
tellisense HEM-75051-EV; IOMRON Healthcare Europe
B.V.) with a child-adapted cuff. Blood pressure was recorded
as the mean of the 3 measurements for both systolic and dia-
stolic blood pressures.

Blood samples were collected after a minimum of 8 hours
of fasting. Serum samples were used to determine levels of
fasting plasma glucose, total cholesterol, high-density
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lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), and triglycerides by standard proced-
ures. Non-HDL-c was calculated with the equation sug-
gested by Frost et al.”’

Diet quality was assessed by an ad hoc questionnaire of 18
items adapted to children from a 14-item Mediterranean diet
questionnaire validated in an elderly population.*” This ques-
tionnaire evaluates the consumption of typical foods in the
Mediterranean diet (eg, olive oil, fruits, vegetables, cereals,
nuts, seeds, cheese, yogurt, legumes, fish, seafood, poultry,
rabbit), as well as additional foods that are not included in
this dietary pattern (ie, butter, cream, carbonated/sugary
beverages, junk food, dairy desserts, and precooked/ready-
to-eat foods). The number of servings has been adapted for
several items, and certain typical foods consumed by children
(eg, gummy worms, sweets, petit suisse) are also included in
this questionnaire (Table I; available at www.jpeds.com).
Compliance with each of the 18 items was scored as 1
point; thus, the total score ranged from 0 to 18, with
0 representing no adherence and 18 representing the
greatest adherence.

A set of self-administered questionnaires completed by
parents or caregivers at home was used to collect information
on early life factors, maternal data (eg, age, BMI, educational
level, socio-professional status), and lifestyle patterns, among
others. Weight at birth (kilograms), mother’s weight gain
during pregnancy (kilograms), and breastfeeding (months
of age) were recorded.

A physical activity questionnaire based on the Outdoor
Playtime Checklist and the Outdoor Playtime Recall Ques-
tions™ was provided. An additional ad hoc questionnaire
with 13 components based on leisure physical activity that in-
cludes sedentary behaviors was used to determine the active
lifestyle score (Table II; available at www.jpeds.com).

Sleep pattern was explored with the questions “how long
does your child sleep at night during weekdays and on week-
end days or holidays?” and “how long does your child nap
during weekdays and on weekend days or holidays?” The to-
tal sleep duration (hours per day) was calculated summing
night sleep hours and nap time on weekdays and weekend
days or holidays divided by 7 (ie, the total days of the week).

Trained dietitians assessed the dietary intake using a semi-
quantitative 125-item food frequency questionnaire adapted
from a food frequency questionnaire validated in adults.”
The 9 possible answers ranged from “never” to “more than
6 times per day” and were transformed into grams or millili-
ters per day using the standard portion size of each item. The
CESNID (Centre d’Enseyament Superior de Nutrici6 i Die-
tetica) database was used to calculate total energy and
nutrient intake.” Total energy intake was estimated accord-
ing to Goldberg cutoffs adapted to children’; participants
with missing data or implausible reported energy intake
were excluded from the analyses.

The present analyses were conducted using the CORALS
database updated to December 2021. To compare general char-
acteristics and dietary variables among categories of eating
speed, one-factor ANOVA, the Kruskal-Wallis test, or X2 test

was used. The data were presented as mean £ SD or median
(IQR) for quantitative variables and as percentage (number)
for qualitative variables. The Kolmogorov—Smirnov test was
used to assess the normal distribution of variables. Missing
data <10% on covariates was imputed to the mean.” Multiple
linear regression models were fitted to assess associations be-
tween eating speed (exposure) and different outcomes—waist
circumference, FMI, systolic blood pressure, diastolic blood
pressure, fasting plasma glucose, total cholesterol, HDL-c,
LDL-c, non-HDL-c, triglycerides, and Mediterranean diet
score—which were reported as B coefficients and 95% Cls. Lo-
gistic regression models were fitted to explore the association
between eating speed and weight status (outcome), expressed
as OR and 95% CIs. All models were adjusted by the following
confounders: center, sex, age, maternal BMI, and mother’s
educational level, total energy intake, breastfeeding, total mi-
nutes of physical activity a week, and total hours of sleep per
day. In our analyses, the slower category of eating speed served
as the reference. Interaction analyses were performed by sex,
maternal factors (BMI and educational level), weight at birth,
and sedentary behaviors.

Sensitivity analyses were performed for FMI excluding
those participants aged 3-4 years owing to a lack of validation
of bioimpedance equations (Tanita MC780SMA) in children
aged <5 years. Correlation analyses were performed between
the variable calculated from the CEBQ “slowness in eating”
scale and the eating speed variable estimated in minutes
per day as well as between the 18-item and the 14-item ques-
tionnaires of adherence to the Mediterranean diet. All ana-
lyses were conducted using Stata 14 (StataCorp), and
statistical significance was set at a 2-tailed P value <.05.

Among the total of 1371 participants who attended the first
visit, 49 were excluded for not meeting the inclusion criteria.
Subsequently, 193 children had missing data for the time
spent at breakfast, lunch, and/or dinner, precluding estima-
tion of eating speed. In addition, 143 participants were
excluded because of missing data or implausible reported en-
ergy intake. Finally, 30 participants with a current diagnosis
of chronic diseases also were excluded from the analyses.
Therefore, a total sample of 956 children (49% girls) were
included in the analyses (Figure). For 88% of the study
sample, the questionnaires were completed by the mother.
The main characteristics of the sample according to cate-
gory of eating speed at baseline are shown in Table III. The
mean age was 4.8 £ 1 years. Compared with participants in
the slow-eating category, children with fast eating speed
were more likely to have overweight or obesity, larger waist
circumference, greater FMI, and higher systolic blood
pressure and fasting plasma glucose concentration
(P < .05). Mothers whose children were categorized as fast-
eaters had higher BMI and weight status, as well as lower
educational level (P < .05), compared with slow eaters. No
other significant between-group differences were observed.
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—
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* Missing data in the estimation of eating
speed (n=193)
- Missing data or implausible data for
energy intake (n=143)
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* Diabetes mellitus diagnosis (n=6)
‘ < Hypertension diagnosis (n=2)
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(n=22)
[ Participants included (n=956) J
Diet Weight Fat mass Waist Blood Blood
quality status index circumference pressure parameters
(n=952) (n=937) (n=844) (n=946) (n=905) (n=801)

Figure. Flow diagram for the CORALS cohort.

Table IV lists the dietary characteristics according to
eating speed categories. The percentage of total daily
energy intake from carbohydrates differed significantly
across the eating speed categories, higher in the fast-
eating category. Participants in the fast-eating category
also were more likely to have lower intakes of total fatty
acids, monounsaturated fatty acids, and protein per body
weight, as well as lower nut consumption and adherence
to the Mediterranean diet.

The associations between eating speed category and
outcome are shown in Table V. Compared with children in
the slow-eating category, in unadjusted models and after
adjusting for potential confounders, participants in the
fast-eating category showed a higher risk for overweight/
obesity (OR, 2.9; 95% CI, 1.8-4.4; P < .01). Compared with
slower eaters, fast eaters had higher values for waist
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circumference, FMI, systolic blood pressure, and fasting
plasma glucose concentration, as well as lower diet quality
(B, —0.5; 95% CI, —0.9 to —0.1; P < .05). When we
excluded those children aged <5 years from the association
with FMI, the results remained significant in the full
adjusted model (B, 0.5; 95% CI, 0.2-0.8; P < .01).
Compared with the slow-eating category, an inverse
association was found between the fast-eating category and
total cholesterol in the full adjusted model. No significant
associations were observed between eating speed and the
other cardiometabolic risk factors.

Data on eating speed measured by the CEBQ “slowness in
eating” scale also showed positive associations between the
fast-eating category and overweight/obesity (OR, 4.2; 95%
CI, 2.7-6.4; P < .01), waist circumference (B, 3.1; 95% CI,
2.1-4.2; P < .01), and EMI (B, 0.7; 95% CI, 0.5-0.9; P < .01).

Garciduenas-Fimbres et al
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Table III. General characteristics of the study population according to eating speed categories
Eating speed categories
Slow (>85 min), Moderate (66-85 min), Fast (<65 min),
Characteristics N =291 N =325 N =340 P value*
Eating speed, total min/day/3 main 108.3 +18.3 762+ 4.9 53.8 £ 9.2 <.001
meals, mean + SD
Age, y, mean + SD 48 +1.1 48 +1.0 49 +1.0 .100
Girls, % (n) 50.5 (147) 48.9 (159) 48.2 (164) .845
Adiposity
Weight status, % (n) <.001
Underweight or normal weight 87.5 (251) 79.2 (251) 70.3 (234)
Overweight or obesity 12.5 (36) 20.8 (66) 29.7 (99)
Waist circumference, cm, mean + SD 503+ 7.5 52.4 + 6.0 53.4 4+ 8.3 <.001
FMI, kg/m?, mean + SD 37+12 38+14 41 +£13 .003
Cardiovascular risk factors
Systolic blood pressure, mmHg, mean + SD 102.0 +12.9 103.1 +13.2 105.2 +12.9 .009
Diastolic blood pressure, mmHg, mean + SD 64.5 + 12.6 63.9 +12.5 66.1 +12.0 .068
Fasting glucose, mg/dL, mean + SD 758 + 8.8 77.8 + 8.7 788 +9.9 <.001
Total cholesterol, mg/dL, median (IQR) 167 (149-186.5) 166 (149-184) 162 (145-179) .055
HDL-c, mg/dL, median (IQR) 56 (48.5-66) 58 (50-67) 56.4 (49-64.7) 495
LDL-c, mg/dL, median (IQR) 96 (83-112) 95 (83-112.6) 92 (78-105.1) .083
Non-HDL-c, mg/dL, median (IQR) 107 (94-123.5) 107 (93-126) 104 (90-119) 215
Triglycerides, mg/dL, median (IQR) 53 (44.5-67.5) 53 (42-65) 52 (43-66) .556
Early life factors
Weight at birth, kg, mean &+ SD 33+05 33+05 32+06 554
Breastfeeding duration, % () 872
<6 mo 40.3 (94) 42.7 (108) 41.6 (106)
>6 mo 59.7 (139) 57.3 (145) 58.4 (149)
Mother’s weight gain during pregnancy, 125+ 4.7 127 £ 4.6 123 +45 .589
kg, mean + SD
Lifestyle factors
Sports and physical activities, min/wk 197.2 £ 117.7 179.0 + 1051 178.7 £ 115.2 .069
Total sleep duration per day, h 104 +0.9 10.4 + 1.1 104 +1.3 .667
Active lifestyle score, 0-13 points 92+16 91+16 91+16 726
Maternal factors
Age, y, mean + SD 40.7 £ 45 MNA4+74 40.6 5.8 162
BMI, kg/m?, mean + SD 243+ 46 251+438 251 +54 .049
Weight status, % (n) .022
Underweight or normal weight 67.7 (197) 56.9 (185) 61.2 (208)
Overweight or obesity 32.3(94) 43.1 (140) 38.8 (132
Educational level, % (n) .021
Primary or lower 7.2 (21) 9.5 (31) 12.1 (41)
Secondary 40.2 (117) 35.1 (114) 43.8 (149)
Academic—graduated or underreported 52.6 (153) 55.4 (180) 441 (150)
Socio-professional category, % (n) 583
Homemaker/student/retired/unemployed 26.5 (77) 30.2 (98) 27.8 (93)
Employee 73.5(214) 69.9 (227) 72.2 (242)
\ v

*Pvalues calculated using the x test for categorical variables and ANOVA for continuous variables. A P value <.05 was considered significant (bold type).

No significant associations were observed for other cardiome-
tabolic risk factors, but the direction of the associations was
the same.

In correlation analyses, both eating speed variables (minutes/
day and the CEBQ “slowness in eating” scale) were positively
correlated (r = 0.43; P < .001), as well as the 2 questionnaires
assessing adherence to the Mediterranean diet (the 18-item
and 14-item questionnaires) (r = 0.39; P < .01).

Interaction analyses between eating speed category, sex,
mother’s BMI and educational level, weight at birth, and
sedentary behaviors were not significant.

Our results on eating speed and adiposity are in line with pre-
vious observational studies reporting that self-reported fast

eating speed is associated with higher weight status and larger
waist circumference in adults***” and Asian children.'””" In
addition, a longitudinal study conducted in Japanese girls re-
ported a positive association between eating speed and body
fat mass percentage, but FMI was not assessed.’’ Moreover,
an 8-week interventional trial in American children that
aimed to decelerate eating speed through nutritional educa-
tion, timers, and interactive activities with families resulted
in a decrease in eating speed in association with lower BMI.*”

The association between eating speed and blood pressure
also has been explored in Asian adults, in which fast eating
was associated with higher blood pressure.”” Similarly in chil-
dren, Yamagishi et al observed higher systolic blood pressure
in boys with continuous fast-eating speed; the association was
not significant in girls, however.”* In line with our results
regarding eating speed and fasting plasma glucose concentra-
tion, Nohara et al reported men, but not women, who

Associations Between Eating Speed, Diet Quality, Adiposity, and Cardiometabolic Risk Factors 35
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Table IV. Dietary characteristics according to eating speed category
Eating speed category
Characteristics Slow (>85 min), N =291  Moderate (66-85 min), N = 325  Fast (<65 min), N = 340 P value*
Dietary intake contribution
Total energy intake, kcal/day, mean & SD 1698 + 340 1688 + 351 1714 + 370 632
Carbohydrates, %, mean + SD 420 +£55 429 +£54 437 £55 <.001
Proteins, %, mean + SD 151 £ 2.1 15.0 +£ 2.2 149 £ 2.0 .505
Total fatty acids, %, mean + SD 429 +59 421 +£57 414 +59 .007
Saturated fatty acids, %, mean + SD 141 +1.9 140+ 2.0 13.8 + 2.1 184
Monounsaturated fatty acids, %, mean + SD 19.6 £ 4.7 189+ 4.4 184 + 44 .006
Polyunsaturated fatty acids, %, mean + SD 62+1.4 6.1 +17 6.2+ 1.8 94
Protein intake per body weight, g/kg/d, mean + SD 35409 33+08 32+10 <.001
Fiber, g/1000 kcal, mean + SD 85+23 85+24 85+23 .985
Source goal, % (n) 674
<14 g/1000 kcal 95.9 (279) 96.9 (315) 97.1 (330)
>14 g/1000 kcal 41 (12 3.1 (10 2.9 (10
Sodium, mg/dL, mean + SD 2308 + 736 2320 + 719 2307 + 684 .967
Diet quality
Mediterranean Diet Score, 0-18 points 11.14+29 10.7 £ 2.8 105425 .015
Dairy products, mean + SD
Milk, g/day 324.9 + 239.1 312.6 + 221.7 320.9 + 2341 795
Yogurt, g/day 105.0 +£79.2 111.2 £ 857 117.6 £ 1109 240
Cheese, g/day 12.5+10.8 123 £129 12.6 £12.3 .959
Derivative dairy products, g/day 80.2 + 82.9 85.5 +93.9 90.4 +£99.5 .389
Protein foods, mean + SD
White meat, g/day 2474+938 23.9+9.0 239+92 492
Unprocessed red meat, g/day 18.8 +11.9 18.9 +13.2 19.0 + 13.3 974
Processed and derivatives meat products, g/day 26.3 +16.6 25.7 £ 144 24,5 +£14.7 319
Egg, g/day 235+ 86 23.2+85 232 +10.2 .889
Fish and seafood, g/day 349 +£17.0 339 +174 325 +£17.9 222
Vegetables and fruits, mean + SD
Vegetables, g/day 76.8 + 52.8 77.4 + 511 75.8 +52.7 921
Tubers, g/day 40.3 +£18.6 39.9 +19.2 41.4 +20.3 576
Fruits, g/day 188.6 + 113.2 190.0 + 1241 181.4 £ 1229 611
Nuts, g/day, mean + SD 42 +57 33+44 35+ 46 .045
Cereals and legumes, mean + SD
Legumes, g/day 140+ 6.4 140 £ 6.2 143 +85 .815
Refined bread, cereals, and pasta, g/day 70.3 +£32.2 72.7 £ 349 745 + 384 333
Brown bread, cereals, pasta and rice, g/day 55+ 135 3.7 +107 45+ 11.2 163
Miscellaneous, mean & SD
0il and fats, g/day 27.7 +16.6 26.4 +15.7 25.4 +15.3 212
Pastries, g/day 38.3 +29.4 40.6 + 28.6 41.2 + 305 454
Sugars and candies, g/day 129 £ 105 13.2 £ 10.6 13.6 +11.0 .696
Beverages, mean + SD
Water, g/day 852.6 + 390.9 859.0 + 371.8 348.9 + 363.2 941
Sugary beverages, g/day 110.5 + 126.9 104.4 +130.8 124.8 +130.5 A1
Tea and infusions, g/day 5.3 4+ 28.3 6.0 = 24.7 8.8 +£329 276
7

*Pvalues calculated by the x? test for categorical variables and ANOVA for continuous variables. P values <.05 were considered significant (bold type).

reported fast-eating speed had higher fasting glucose concen-
trations and blood pressure values.”” Another study of
middle-aged Japanese adults reported an independent and
positive association between fast eating and insulin resistance;
however, the association with blood glucose level was not as-
sessed.” To date, no published studies have explored the as-
sociation between eating speed and fasting plasma glucose
in children. In contrast with a recent review that reported sig-
nificant associations between eating speed and triglyceride
and lower HDL-c levels in adults,” our results did not show
any significant associations in a sample of children. Inconclu-
sive results in these studies may be related to variations in
populations (eg, ethnicity, age, culture), as well as additional
differences in methodology.

In the present study, we observed an inverse association
between eating speed and the adherence to Mediterranean

36

diet. This result could be explained by the main character-
istics of the Mediterranean diet, such as its high content of
plant-based foods (which provide high amounts of dietary
fiber) and fish/seafood and low content of red meat/pro-
cessed meat products.”” Even though there were no signifi-
cant differences in the majority of food groups in our
analyses, the overall beneficial effect of the Mediterranean
diet is greater than the effects of its individual components.
Furthermore, in a meta-analysis’® and a randomized-
crossover study,”” positive effects were observed between
the consumption of fiber or protein and appetite suppres-
sion as well as satiety, which might have an impact on
eating speed.” Additionally, associations between faster
eating,'® sweet-tasting foods,'” and ultra-processed foods"’
have been reported. Ultra-processed foods are characterized
by their high energy, salt, sugar, and fat content,*! which

Garciduenas-Fimbres et al
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Table V. Crude and multivariate B-coefficients (95% CI) or OR (95% CI) of adiposity, diet quality, and
cardiometabolic risk factors according to eating speed categories in the total population

Eating speed category

Moderate
Variables Slow (>85 min) (66-85 min) Fast (<65 min)
Adiposity
Weight status, n 287 317 333
Crude model 1 (ref) 1.8 (1.2-2.9)" 2.9 (1.9-4.5)"
Model 1 1 (ref) 1.8 (1.1-2.8)* 2.8 (1.8-4.4)
Model 2 1 (ref) 1.8 (1.1-2.8)* 2.9 (1.8-4.4)
Waist circumference, n 285 323 338
Crude model 0 (ref) 1.9 (0.7-3.0) 2.9 (1.8-4.0)"
Model 1 0 (ref) 1.7 (0.6-2.7)" 2.5 (1.4-3.6)"
Model 2 0 (ref) 1.7 (0.6-2.8) 2.5 (1.4-3.8)"
FMI, n 258 283 303
Crude model 0 (ref) 0.2 (—0.110 0.4) 0.4 (0.2-0.6)"
Model 1 0 (ref) 0.1 (—0.1100.3) 0.3 (0.1-0.5)"
Model 2 0 (ref) 0.1 (—0.1100.3) 0.3 (0.1-0.5)"
Cardiovascular risk factors
Systolic blood pressure, n 274 304 325
Crude model 0 (ref) 1.0(-1.1103.2) 3.2(1.1-5.3)"
Model 0 (ref) 0.8 (—1.3t02.9) 2.8 (0.7-4.9)"
Model 2 0 (ref) 0.8 (—1.3103.0) 2.8 (0.6-4.9)
Diastolic blood pressure, n 275 305 325
Crude model 0 (ref) —0.6 (—2.6t0 1.4) 1.6 (—0.4 t0 3.6)
Model 1 0 (ref) —0.7 (-2.71t01.3) 1.6 (0.4 t0 3.6)
Model 2 0 (ref) —0.8(—2.8t01.2) 1.5 (—0.5t0 3.5)
Fasting glucose, n 241 270 290
Crude model 0 (ref) 2.0 (0.4-3.6) * 3.0 (1.5-4.6)"
Model 1 0 (ref) 2.2 (0.7-3.7)" 2.8 (1.3-4.3)"
Model 2 0 (ref) 2.1(0.6-3.6)" 2.7 (1.2-4.2)"
Total cholesterol, n 240 271 287
Crude model 0 (ref) —0.5 (—5.41t0 4.4) —4.5(-9.410 0.3)
Model 1 0 (ref) —0.2 (—5.1t0 4.6) —45(—9.4100.3)
Model 2 0 (ref) —0.6 (—5.4t0 4.3) —5.0 (9.8 t0 —0.2)*
HDL-c, n 240 270 286
Crude model 0 (ref) 0.0 (—2.3102.4) ~1.0(-33101.3)
Model 1 0 (ref) 0.2 (—2.2 10 2.5) —09(-3.3t01.4)
Model 2 0 (ref) 0.2 (—2.110 2.6) —09(-3.21t01.5)
LDL-c, n 225 255 273
Crude model 0 (ref) 0.3 (—4.11t04.7) —3.2(-7.4101.0)
Model 1 0 (ref) 0.3 (—4.1 0 4.6) —3.2(-75101.0)
Model 2 0 (ref) 0.1 (—4.2 t0 4.5) —3.7(~7.9100.6)
Non-HDL-c, n 240 270 286
Crude model 0 (ref) —1.0 (-5.4 10 3.4) —35(-7.8100.9)
Model 1 0 (ref) —0.8 (—5.2, 10 3.6) —35(-7.9100.9)
Model 2 0 (ref) —1.2(-5.6103.2) —41(-84100.3)
Triglycerides, n 240 271 286
Crude model 0 (ref) —1.6 (-5.3t02.1) —2.3(—6.01t01.3)
Model 1 0 (ref) —23(-59101.2) —3.4(~7.0100.1)
Model 2 0 (ref) —2.4(—6.0101.2) —35(=7.1100.1)
Diet quality
Mediterranean Diet Score, 289 324 339
points
Crude model 0 (ref) —0.3(-0.81t00.1) —0.6(—1.1t0 —0.2)"
Model 1 0 (ref) —0.3(-0.7 t0 0.1) —0.5(-0.9 to —0.1)*
Model 2 0 (ref) —0.3(—0.7 t0 0.1) —0.5(-0.9 to —0.1)*
\ v

Multiple linear regressions models were fitted and expressed in {3 coefficients (95% Cl). For weight status, logistic regressions models were fitted and expressed in OR (95% CI). The weight status isa

dichotomous outcome (underweight or normal weight -1- and overweight or obesity -2-).

Model 1 adjusted by center, sex, age, maternal BMI, and mother’s educational level.

Model 2 adjusted additionally by total energy intake, breastfeeding, total minutes of physical activity per week, and total hours of sleep per day.

*Associations with P < .05.
tAssociations with P < .01.

may contribute to food reinforcement and a higher overall
energy intake,*' perhaps because of their high palatability.
On the other hand, an unexpected result in our analyses was
the association between fast eating speed and lower total
cholesterol. In this sense, a potential association between

Associations Between Eating Speed, Diet Quality, Adiposity, and Cardiometabolic Risk Factors

lower fat intake and a decrease in total cholesterol and
LDL-c has been reported,”* which could partially explain
this result, as our analyses showed a lower percentage of
total fatty acids in those participants in the fast-
eating category.
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This study has some limitations that merit mention. First,
because it is a cross-sectional study, we cannot draw cause-
and-effect conclusions or discard bidirectional associations.
Second, our study sample included Spanish preschool chil-
dren, and thus our findings cannot be extrapolated to other
populations. Third, we cannot dismiss the possibility that as-
sociations might be related to residual confounding or that
undetected cardiometabolic disorders in our study popula-
tion may exist because of age. Fourth, equations for bioelec-
trical impedance analysis have not been designed for children
aged <5 years; however results from the analyses excluding
children aged 3-4 years remained similar to those in the total
population. Fifth, although eating speed was self-reported, it
was estimated according to the time reported by main care-
givers, not based on self-perception. Moreover, analyses
from the CEBQ “slowness in eating” scale showed similar re-
sults as those observed in the main analyses for adiposity.
Sixth, the 18-item Mediterranean diet questionnaire has
not been validated in children; nevertheless, it was positively
correlated to the validated 14-item Mediterranean diet ques-
tionnaire, and results should be interpreted cautiously.

In conclusion, eating fast is associated with higher levels of
adiposity and certain cardiometabolic risk factors, as well as
lower adherence to the Mediterranean diet in Spanish chil-
dren. However, further long-term studies and clinical trials
are needed to confirm these associations. W
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Table I. The 18-item questionnaire of adherence to the Mediterranean diet in children
Criterion for 1
Questions point
1. Do you use extra-virgin olive oil as the main culinary fat? Yes
2. Do you consume 3 or more tablespoons of olive oil per day (including that used for frying, salads or in meals away from home)? (1 tbsp=10 ml) Yes
3. Do you consume 2 or more servings of vegetables per day? During the week, do you eat any of these servings as raw vegetables or salad? (1 Yes
serving= 50-80 g)
4. Do you consume 3 or more small fruits per day? (small fruit = 100 g) Yes
5. Do you consume whole grains (bread, cereals, pasta, or rice) 3 or more times a week, instead of refined grains? Yes
6. Do you consume at least 1 serving per day of fermented milk, plain yogurt or goat’s or sheep’s cheese? (1 commercial portion of fermented milk or Yes
yogurt or 25 g of cheese)
7. Do you consume 2-3 or more servings a week of legumes? (1 serving = 40 g raw weight) Yes
8. Do you consume 3 or more servings a week of fish/seafood? (1 serving = 40-70 g) Yes
9. Do you consume at least 3 servings a week of nuts? (1 serving = 15-20 g) Yes
10. Do you consume preferably chicken, turkey, or rabbit instead of beef, pork, hamburgers, or sausage? Yes
11. Do you consume 2 or more times a week cooked vegetables, pasta, rice, or other dishes seasoned with tomato, garlic, onion, or leek sauce Yes
simmered with olive oil (sofrito)?
12. Do you eat red meat, hamburgers, sausages, or derivative/processed meat products less than 2 times a week? Yes
13. Do you eat less than 1 serving per day of butter or cream? (1 serving = 12 g) Yes
14. Do you drink less than 2 glasses a week of carbonated and/or sugary beverages (sodas, coke, juices, nectars)? Yes
15. Do you consume chips, gummy worms, sweets less than 1 time a week? Yes
16. Do you consume dairy desserts, such as custard, ice cream, dairy smoothies, petit Suisse, vegetable drinks, etc, less than 1 time a week? Yes
17. Do you consume pastries, stuffed cookies, sweets, or cakes less than 2 times a week? Yes
18. Do you consume precooked or ready-to-eat foods less than 1 time a week? Yes
\ Vv
4 )
Table II. Questionnaire for evaluating an active lifestyle in children
Criterion for 1
Questions point
19. Does she/he walk or cycle to the school at least 3 days a week? Yes
20. Does she/he play outdoors such as in parks or playgrounds, during leisure time, at least 3 days a week? Yes
21. Does she/he participate in extracurricular sports or recreational activities like basketball, soccer, athletics, cycling, swimming, rhythmic Yes
gymnastics, other sports, traditional games, etc, at least 2 days a week?
22. Does she/he do strength and flexibility activities like dancing, yoga, or martial arts at least 4 days a week? Yes
23. Does she/he preferentially use the stairs, such as at home? Yes
24. Does she/he walk every day for at least 30 minutes, even if it is not continuous? Yes
25. Does she/he participate in outdoors activities with the family during weekdays at least 1 time per week? (cycling, playing ball) Yes
26. Does she/he participate in outdoors activities like family excursions during the weekends, at least 2 times per month? Yes
27. During the leisure time, does she/he participate in activities that require more movement such as dancing, running, jumping, instead of activities Yes
like painting, sitting down to play, using the computer, etc?
28. Does she/he like the physical education classes at school? Yes
29. During breaks at school, does she/he prefer activities like running, jumping or other activities instead to nonmoving games (talking, sitting down, Yes
playing with cars or dolls, etc)?
30. During weekdays, does she/he use audiovisual media, such as television, computers, tablets, or cell phones, less than 2 hours a day? Yes
L 31. During weekends, does she/he use audiovisual media, such as television, computers, tablets, or cell phones, less than 2 hours a day? Yes
w
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Summary of results

In the adjusted models, compared with the reference category of
adherence to a healthy lifestyle behavior composite score, those
participants in the 3™ tertile of adherence showed a decreased
prevalence risk of overweight or obesity [OR, 0.4; 95% Cl, 0.2, 0.6;
P< 0.01] as well as lower waist circumference [B, -1.4 cm; 95% ClI, -
2.5, -0.4; P< 0.01), fat mass index [B, -0.3 kg/m2; 95% Cl, -0.5, -0.1;
P< 0.05], systolic blood pressure [B, -3.0 mmHg; 95% Cl; -5.2, -0.9;
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P< 0.01] and fasting plasma glucose concentration [B, -1.9 mg/dL;
95% Cl, -3.5, -0.4; P< 0.05]. Slow eating category was one of the

major contributors in these associations.
Conclusion

Higher adherence to a composite score comprised of the healthy
behaviors of breastfeeding, sleep duration, physical activity,
screentime, adherence to MedDiet and eating speed was
associated with lower adiposity, systolic blood pressure and fasting
plasma glucose concentration in a population of healthy preschool
children. Slow eating speed appeared to be the healthy behavior
with greater contribution to the individual associations with
cardiometabolic risk factors, so it may be beneficial to consider this
modifiable behavior in future strategies for reducing the risk of
childhood obesity and adulthood diseases. Nevertheless, further
long-term and interventional studies are required to confirm these

associations.
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ABSTRACT

Objective: To assess the associations between the adherence to a composite score
comprised of 6 healthy lifestyle behaviors and several cardiometabolic risk factors in

Spanish preschool children.

Methodology: Baseline cross-sectional analyses were conducted in the CORALS study
cohort (n=1,371) aged 3-6 years. Six recognized healthy lifestyle behaviors
(breastfeeding, sleep duration, physical activity, sedentary behaviors, adherence to the
Mediterranean diet (MedDiet) and eating speed) were assessed in a composite score.
Unadjusted and adjusted multiple linear and logistic regression models were fitted to
assess the associations with certain cardiometabolic risk factors (weight status, waist

circumference, fat mass index, blood pressure, fasting plasma glucose and lipid profile).

Results: In the adjusted models, compared with the reference category of adherence to a
healthy lifestyle behavior composite score, those participants in the 3™ tertile of adherence
showed a decreased prevalence risk of overweight or obesity [OR, 0.4; 95% CI, 0.2, 0.6;
P<0.01] as well as lower waist circumference [f, -1.4 cm; 95% CI, -2.5, -0.4; P< 0.01),
fat mass index [B, -0.3 kg/m?; 95% CI, -0.5, -0.1; P< 0.05], systolic blood pressure [P, -
3.0 mmHg; 95% CI; -5.2, -0.9; P< 0.01] and fasting plasma glucose concentration [f, -
1.9 mg/dL; 95% CI, -3.5, -0.4; P< 0.05]. Slow eating category was one of the major

contributors in these associations.

Conclusions: Higher adherence to a healthy lifestyle behavior composite score was
associated with lower adiposity and cardiometabolic risk in preschool children. Further

long-term and interventional studies are required to confirm these associations.

Keywords: lifestyle behaviors, eating speed, childhood obesity, cardiometabolic risk,

CORALS.
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INTRODUCTION

Overweight and obesity in children is a global Public Health concern. The highest
prevalence in Europe is observed in Mediterranean and Eastern European countries (1).
The ALADINO 2019 study (2) reported, in Spanish children aged 6 to 9 years, a
prevalence of overweight and obesity of 23.3% and 17.3% respectively. Furthermore, it
is estimated that in 2030, around 9 million children of 5 to 9 years old will have obesity

in Europe (3).

Obesity is the consequence of a complex bio-socioecological framework in which socio-
political environment, individual factors, lifestyle behaviors, among others, interact (4,5).
Childhood overweight and obesity has been associated with several long-term
cardiometabolic disorders in adulthood (5). In this sense, consistently adiposity status
from childhood to adulthood has been associated with higher risk of diabetes,

hypertension, and lipid profile disorders (5).

Several modifiable lifestyle behaviors have been associated with obesity or
cardiometabolic risk factors such as sedentary behaviors, lower levels of moderate-
vigorous activity, unhealthy dietary patterns (including energy-dense and micronutrient-
poor foods), reduced sleep duration, certain early life factors, among others (4). In recent
decades, evidence has emerged on the associations between adherence to healthy lifestyle
behaviors (e.g., diet, sleep, physical activity, screentime, etc.) and adiposity (6-9) or
certain cardiometabolic disorders (7). However, none of these studies have assessed
breastfeeding, eating speed and adherence to the MedDiet as components of the scores
created. Adherence to the MedDiet (10,11) and eating speed (12,13) have been related
with adiposity and cardiometabolic risk, however, evidence in children is very limited

(18,19). On the other hand, the benefits from breastfeeding have been reported in early



UNIVERSITAT ROVIRA I VIRGILI
DIET QUALITY, EATING BEHAVIORS, OTHER LIFESTYLE FACTORS AND CARDIOMETABOLIC RISK IN CHILDREN
Tany Elizabeth Garciduefias Fimbres

life (14), and its duration was observed to be inversely associated with cardiometabolic

risk (15) and weight gain (16) in childhood.

It is essential to identify other lifestyle behaviors that could be associated with adiposity
and cardiometabolic disorders for a better understanding of the etiopathogenesis of
childhood obesity, which would enable the design of more effective strategies to alleviate
the consequences of this major public health concern. Hence, the aim of the present study
was to assess cross-sectionally the relationships between adherence to a composite score
comprised of 6 healthy lifestyle behaviors (breastfeeding, sleep duration, physical
activity, sedentary behaviors, adherence to the MedDiet and eating speed) and its
individual components with several cardiometabolic risk factors in children aged 3 to 6

years.
METHODS
1. Study design and participants

Cross-sectional analyses were conducted in baseline data from the first 1,371 participants
recruited in the Childhood Obesity Risk Assessment Longitudinal Study (CORALS).
This is a prospective ongoing multicenter study conducted in preschool children from 7
Spanish cities (Barcelona, Cordoba, Navarra, Reus, Santiago de Compostela, Valencia
and Zaragoza) which aim is to identify and assess the risk factors that contribute to the
development of obesity in childhood. Children were recruited between March 2019 and
June 2021. A detailed description of the CORALS study can be found elsewhere (17),

including recruitment details, eligibility and exclusion criteria.

For the present study, the following inclusion criteria were considered: a) having reported
plausible energy intake on food frequency questionnaires, and b) to have available data

on the duration of main meals (breakfast, lunch and dinner), physical activity,
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breastfeeding, sleep duration, the 18-item questionnaire of adherence to the MedDiet and
sedentary behaviors. Participants with current diagnosis of chronic diseases such as
diabetes mellitus type 2, hypertension and familiar hypercholesterolemia were excluded

from analyses.
2. Assessments

Parents or caregivers completed self-administered questionnaires assessing participant
data: sociodemographic, dietary habits, lifestyle behaviors, early life and maternal factors,

among others.
Exposure variables
Breastfeeding

The duration of total breastfeeding (months) and exclusive breastfeeding (yes/no) were
assessed. Participants were categorized according to whether they were exclusively

breastfed during the first 6 months of life (18).
Sleep duration

The sleep duration (hours/day) was evaluated through the question: “how long does your
child sleep at night during weekdays and/on weekend days or holidays? And “how long
does your child nap during weekdays and/on weekend days or holidays? Daily sleep
duration was calculated (17) and categorized for age in “inadequate or could be adequate”
(<10h/day or >13 h/day for children aged 3-5 years and <9 h/day or >11 h/day for children
aged 6 years), or “adequate” (10-13h/day for children aged 3-5 years and 9-11h/day for
children aged 6 years) according to the National Sleep Foundation’s recommendations

(19).

Sports and physical activities
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A physical activity questionnaire was provided to parents or caregivers (17). The total
time (hours) of sports and physical activities per week was estimated by summing the
duration of physical education classes and extracurricular sports or physical activities.
Then, two categories were created [<120 min/week (unhealthy behavior) or >120
min/week (“healthy behavior”)] according to the WHO European Childhood Obesity

Surveillance Initiative (20).
Screentime

Screentime for weekdays and weekend days was assessed by two questions: a) ‘how long
does your child watch television?” and b) ‘how long does your child play in the
computer/cell phone/game console?’ Possible answers were “none”, “0.5-1 h/day”, “1-
2h/day”, “2-3 h/day”, “3-4 h/day” or “more than 4 h/day”. Total screentime was derived

in a quantitative variable and <2 h/day was used as compliance with the recommendation
210).
Adherence to Mediterranean diet

An ad-hoc questionnaire adapted to children and comprised of 18 items (17) was used to
evaluate the consumption of typical foods included in the MedDiet, as well as some foods
not included in this dietary pattern (e.g., butter, cream, carbonated/sugary beverages, junk
food, dairy desserts and pre-cooked/ready to eat food) that extends to certain foods
commonly consumed by children (e.g., sweets, petit Suisse). The total score (0-18 points)
was categorized by tertiles, in which the 3™ tertile represented the highest adherence to

the MedDiet.
Eating speed

The duration of breakfast, lunch and dinner was assessed through the question “How long

does it usually take for your child to eat?” Eating speed was estimated by summing the
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total minutes required for eating the main meals and it was categorized by tertiles in fast,
moderate, and slow eating categories. The slow eating category (3™ tertile) was

considered the healthy lifestyle behavior.
Lifestyle behaviors assessment

Participants were categorized for each lifestyle behavior according to compliance (1
point) or not (0 points) with the following indicators: breastfeeding (<6 months=0 points;
>6 months=1 point), sleep duration for age (inadequate/could be adequate=0 points;
adequate=1 points), sports and physical activities (<2h/week=0 points; >2h/week=1
point) and screentime (<2h/day=1 point; >2h/day=0 points). Eating speed and adherence
to the MedDiet were assessed by tertiles (T1=0 points, T2=0.5 points, T3=1 points) in
which T3 corresponded to the slow eating category and the highest adherence to the
MedDiet, respectively. Afterwards, the total score was calculated for each participant by
summing the points obtained in each of the 6 healthy lifestyle behaviors (0-6 points).
Hereafter, tertiles of combined adherence to these lifestyle behaviors were created

(T1=lowest, T2=moderate and T3=highest).

Outcome variables

Adiposity

Weight and height were measured by trained registered dietitians. A precision scale
(TANITA MS780SMA) was used to measure body weight (kg) and body fat mass (kg),
by octopolar multifrequency bioelectrical impedance. The height and waist circumference
(cm) were also evaluated by a portable stadiometer (SECA 213) and a measuring tape

(SECA 201), respectively. Weight status was estimated according to body mass index

(BMI) and categorized in underweight/normal weight or overweight/obesity according to
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the cutoff points defined by Cole et al (22). The fat mass index (FMI) was calculated as

body fat mass (kg)/squared height (23).
Cardiometabolic risk factors

Blood pressure was measured in non-dominant arm in triplicate at 5-minutes intervals.
Total systolic and diastolic blood pressure values were estimated by the mean of all

available data in both arms, if applicable.

Fasting plasma glucose and lipid profile (total cholesterol, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and triglycerides)
were measured from blood samples collected in fasting conditions. The non-HDL-c was

calculated (24).
Early life factors

Weight gain during pregnancy (kg) and birth weight (kg) were assessed. Birth weight was

categorized in low (<2.5 kg), normal (2.5-3.9 kg), and high birth weight (>4 kg)(25).
Maternal factors

Maternal data was assessed, including educational level (primary or lower, secondary or
academic-graduated or no reported) and  socio-professional  category
(homemaker/student/retired/unemployed or employee). The BMI (kg/m?) was estimated
according to self-reported anthropometric measures and categorized according to WHO
cut-offs (26). Then, it was re-categorized in underweight/normal weight (<25 kg/m?) and

overweight/obesity (>25 kg/m?).
Diet

A trained dietitian completed a semi-quantitative 125-item food frequency questionnaire

(FFQ) for each participant, which was adapted from another FFQ validated in elderly

10
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Spanish population (27). The consumption frequency options were as follows: never; 1-
3 times per month; 1 time per week; 2-4 times per week; 5-6 times/week; 1 time per day;
2-3 times per day; 4-6 times per day and more than 6 times per day. The consumption of
each food item in the FFQ was calculated by multiplying intake frequency by the portion
specified in each case. The total energy and the intake of nutrients were estimated
according to Spanish nutritional composition databases (28-30). Implausible energy
intake was assessed according to Goldberg cut-offs adapted to children (31) and those
participants with missing data or implausible reported energy intake were no included in

final analyses.
3. Statistical analyses

CORALS database updated to December 2021 was used for the present cross-sectional
study. One-factor ANOVA, Kruskal Wallis and chi-square tests were used to describe
differences in baseline characteristics according to tertiles of adherence to the composite
score comprised of 6 healthy lifestyle behaviors, which were reported as mean = SD or
median [interquartile range (IQR)] for continuous variables and as percentage (numbers)
for categorical variables. Bonferroni’s tests for multiple comparison were used in those
statistically significant one-factor ANOVA analyses. Missing data <10% on covariates
data was imputed to the mean (32). Multiple linear regression models [B; 95% confidence
interval (CI)] were fitted to assess associations between tertiles of adherence to the
composite score comprised of 6 healthy lifestyle behaviors (exposure), and outcome
variables (waist circumference in cm, FMI in kg/m?, systolic and diastolic blood pressure
in mmHg, and lipid profile in mg/dL), except for weight status, for which logistic
regression models [odds ratio (OR), 95% confidence interval] were fitted. Models were
adjusted by recruitment center, according to the number of recruited participants in each

center (<130, 130-200, >200), sex, age, mother’s educational level (primary or lower,

11
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secondary, academic-graduate or no reported data), maternal overweight/obesity status
(yes/no) and birth weight category (low, normal, high). Individual associations between
each lifestyle behavior and each outcome were also assessed by logistic or linear
regression models to assess their contribution on the associations between the composite
score comprised of 6 healthy lifestyle behaviors and outcomes. Each of these models were
further adjusted by the other lifestyle behaviors, except for the one of interest. For all
models, the reference category was the 1% tertile. Interaction analyses were conducted by
sex. Due to the lack of validation of bioimpedance equations (TANITA MC780SMA) in
children under 5 year-old, participants aged 3-4 year-old were excluded as sensitivity
analyses for FMI. All statistical analyses were performed using Stata 14 software program

(StataCorp), and statistical significance was set at a two-tailed p-value < 0.05.
RESULTS

A total of 1,371 participants attended the baseline visit at CORALS study, of which 49
participants were excluded from analyses for not meeting eligibility and inclusion criteria
as well as 216 participants for having missing data or implausible reported energy intake.
In addition, 139 participants were no longer included due to missing data on >1 variables
required to estimate eating speed (n=119), adherence to the MedDiet (n=5) as well as
total duration of physical activity (n=6) or daily sleep duration (n=9). Finally, 29
participants with diagnosis of chronic diseases were excluded. Hence, the final analyses
included 938 children of which 49% were girls (Figure 1, online). Questionnaires were

filled out by mothers who were main caregivers in the 88% of participants.

Participants had a mean age + SD of 4.8 + 1 year-old and showed a 14% and 8%
prevalence of overweight and obesity, respectively. The total study population showed a
mean of 6.8 = 9 months of breastfeeding, 10.4 + 1 h/day of sleep duration, 185 £ 115
mins/week of physical activity, 1.8 + 1 h/day of screentime, 11 + 3 points on the 18-item
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MedDiet adherence questionnaire (T1=8 £ 1 points; T2= 11 £ 1 points; T3=14 + 1 points)
and 78.1 £ 25 min/day of eating speed in the 3 main meals (T1= 53.8 min/day + 9; T2=
76.3 =5 min/day; T3=108.3 £ 18 min/day). The general characteristics in the participants
according to the categories of adherence to the composite score comprised of 6 healthy
lifestyle behaviors are shown in Table 1. Mothers whose participants were in the 3™ tertile
of adherence to the composite score comprised of 6 healthy lifestyle behaviors were more
likely to have higher educational level and lower prevalence of overweight or obesity (all
p<0.05). Table 2 shows the lifestyle, adiposity and cardiometabolic risk characteristics
in participants across the categories of adherence to the composite score. Compared to
participants in the low category of adherence, those in the highest tertile of adherence
were more likely to be breastfed for longer, to sleep and exercise more time, to have
higher adherence to the MedDiet and to eat slower. Compared to the reference category
of adherence to the composite score comprised of 6 healthy lifestyle behaviors, those
children in the top category of adherence had a lower prevalence of overweight or obesity

and values for fat mass index, systolic and diastolic blood pressure (all p<0.05).

Table 3 (online) summarizes the dietary characteristics across tertiles of adherence to the
composite score comprised of 6 healthy lifestyle behaviors. Compared to participants in
the reference category of adherence, participants in the 3™ tertile had lower intakes of
total energy, carbohydrates, sodium and lower consumption of other dairy products,
processed and derivatives meat products, tubers, pastries, sugar, candies, and sugary
beverages (all p<0.05). Children in the highest category of adherence to the composite
score comprised of 6 healthy lifestyle behaviors also reported higher intakes of protein,
monounsaturated fatty acids, fiber, cheese, fish, seafood, vegetables, fruits, nuts and

whole grains (all p<0.05).
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The associations between the adherence to the composite score and several
cardiometabolic risk factors are shown in Table 4. In unadjusted models, compared to
children allocated in the lowest adherence category (<3 points), those in the 3™ tertile (>4
points) of adherence to the composite score were associated with a 60% lower risk of
overweight or obesity prevalence, lower waist circumference, FMI and systolic and
diastolic blood pressure. In adjusted models these associations remained, except for
diastolic blood pressure. In addition, an inverse association was also observed between
the highest tertile of adherence to the composite score and fasting plasma glucose
concentration in the adjusted model [ coefficient (95%CI): -1.9 (-3.5, -0.4); p=0.013].
Interaction analyses between categories of adherence to the composite score and sex were
not statistically significant. In sensitivity analyses, for which children aged under 5 years
were excluded, the association between adherence to the composite score and FMI was

not significant, but the negative direction remained.

The individual associations between each of the 6 healthy lifestyle behaviors and each
outcome are shown in Table 5 (online). An adequate sleep duration for age, screentime
for <2 h/day and slow eating (>85 minutes in the 3 main meals) were associated with a
lower prevalence risk of overweight or obesity (Figure 2). Screentime for <2 h/day and
slow eating were associated with lower waist circumference and FMI. Exclusive
breastfeeding to the first 6 months of age and slow eating were associated with lower
systolic blood pressure. Physical activity for >2h/week was associated with decreased
values of diastolic blood pressure and LDL-c levels. Slow eating was associated with
lower fasting plasma glucose concentration. Higher adherence to the MedDiet (> 13
points) was inversely associated with serum triglyceride levels. Children whose parents
or caregivers reported screentime for <2 h/day showed a higher total cholesterol and non-

HDL-c. Slow eating was associated with lower OR for overweight/obesity, and -
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coefficients for FMI and systolic blood pressure, respectively. When these models were
further adjusted by the other lifestyle behaviors except for the one of interest, most of the

associations remained.
DISCUSSION

In the present study, higher adherence to a composite score comprised of the 6 healthy
behaviors (breastfeeding, sleep duration, physical activity, screentime, eating speed and
adherence to the MedDiet) was associated with lower adiposity and reduced levels of
systolic blood pressure and fasting plasma glucose. No significant associations were
observed for the remainder cardiometabolic risk factors. When assessing the individual
associations among each of the healthy lifestyle behaviors and the cardiometabolic risk
factors, eating speed showed to be one of the major contributors associated with lower
adiposity (weight status, waist circumference and FMI) and was the only lifestyle
behavior associated with lower fasting plasma glucose concentration. Additionally, those
participants allocated in the highest tertile of adherence to the composite score comprised
of 6 healthy lifestyle behaviors showed a lower energy intake and a dietary pattern closer
to the MedDiet. Besides, higher educational level, lower BMI and overweight/obesity
status was observed among the mothers of those participants allocated in the 3™ tertile of

adherence to the composite score comprised of 6 healthy lifestyle behaviors.

Some observational studies (6-8) but not all (7,9) are in line with our results, as they
reported associations between higher adherence to a healthy lifestyle pattern and lower
adiposity in children of similar age (7). Discrepancies between studies could be partially
explained by differences in the lifestyle behaviors assessment, although authors mainly
assessed physical activity (7-9), sleep duration (7-9), sedentary behaviors (7-9), dietary
components (6,7) and/or stress-related behaviors (8). Bawaked et al (7) conducted cross-
sectional and longitudinal analyses in Spanish children in which a 5-item score was
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created and categorized assigning a different punctuation to each tertile based on whether
the behavior was favorable (extracurricular physical activity, sleep duration and plant-
based food consumption) or unfavorable (screentime and consumption of ultra-processed
food). In contrast with our results, in this study (7) no significant associations were
reported for blood pressure, HDL-c¢ or serum triglyceride levels, and fasting plasma
glucose concentration was not assessed. Moreover, Bawaked et al (7) did not evaluate
lifestyle behaviors based on their recommendations, which might differ according to age
(e.g., sleep duration) and therefore, using an alternative method to assess these variables
could lead to different results. In addition, a high prevalence of children with overweight
or obesity was reported also in this study (7), which may not enable to discriminate
appropriately the compliance with certain healthy lifestyle behaviors. On the other hand,
some studies assessed components of the diet but not the whole dietary pattern. For
example, Manios et al (6) assessed the eating frequency of certain foods (fruits,
vegetables, total grains, dairy products, red meat, white meat/legumes, fish and seafood,
unsaturated fats and sweets). Similarly, Kovacs et al (8) explored the consumption of
sweetened beverages and fruits/vegetables. However, in contrast with our study, none of
these authors assessed eating speed, adherence to the MedDiet or breastfeeding as
lifestyle behaviors potentially associated with adiposity and/or cardiometabolic risk

factors.

Certain observational studies have also explored associations between physical activity
and adiposity (7,8,33) or cardiometabolic risk factors (7,34,35). In line with our results,
Viisto et al (34) reported, in children of 6-8 years of age, a negative association between
physical activity and diastolic blood pressure and LDL-c. Moreover, additional studies
conducted in European children (7,8,33) also reported significant associations between

increased physical activity and lower adiposity. Additionally, in a Greek population of
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children (35), lower triglyceride levels were observed in those children who exercised
longer than 2 h/week. Nevertheless, only a few authors (8,33) assessed physical activity
according to compliance with recommendations in early life and its association with

certain cardiometabolic risk factors.

The evidence on associations between sleep duration and adiposity or cardiometabolic
disorders in children is inconsistent. Yet, certain observational studies (7,33,36) are in
line with our results as they also observed inverse associations between sleep duration
and adiposity in European children and adolescents. In contrast, no significant
associations with adiposity were reported in children from 8 European countries (8),
while Bawaked et al (7) reported an inverse association between sleep duration at 4 year-
old and systolic blood pressure at 7 years of age. Potential effects from sleep duration on
energy expenditure (37) and nervous system (38) have been suggested, which may act as

mechanisms in the regulation of adiposity and blood pressure, respectively.

The present study showed consistent results with previous observational studies
conducted in preschool (7,8) and school children (8) as they observed inverse associations
between high screentime and adiposity. In contrast, a meta-analysis (39) from
observational and interventional studies reported small to very small evidence between
sedentary behaviors and adiposity in children and adolescents. However, according to a
systematic review (40), longer screen time could limit the time spent on physical
activities, reinforcing sedentary behaviors which may explain adiposity outcomes.
Additional studies with objective assessments of sedentary behaviors and further clinical
trials are required to confirm these relationships. In the present study we also observed
unexpected directions in the associations between healthy behavior for screentime and
total cholesterol or non-HDL-c. In this regard, a cross-sectional study (41) conducted in

Australian school children reported no significant associations between certain sedentary
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behaviors and total cholesterol serum concentration. However, this study was conducted
in a small sample of children, and total screentime was not assessed according to

recommendations.

Regarding associations between eating speed and cardiometabolic risk factors, scarce
studies have been conducted in children (42—46). In the present study we observed inverse
associations between slow eating category and adiposity, systolic blood pressure and
fasting plasma glucose concentration. Similar associations for adiposity were reported in
a Finnish cross-sectional study (42) and an American clinical trial (43) but other
cardiometabolic risk factors were no assessed. However, fast eating speed was recently
positively associated with adiposity, systolic blood pressure and fasting plasma glucose
in Spanish preschool children (17). Similarly, in an Asian population of children,
Yamagishi et al (45) observed a positive association between eating speed and systolic
blood pressure at 12 year-old but only in boys. Regarding the impact of eating speed on
adiposity outcomes, we cannot discard the influence of diet quality since it has been

suggested that dietary energy density and eating speed could regulate energy intake (47).

Although several prospective studies in adults have demonstrated an inverse association
between adherence to the MedDiet and adiposity (48) or cardiometabolic risk factors (49—
52), only few studies have assessed these relationships in children (35,53). In the present
study, MedDiet was inversely related with serum triglyceride levels which is in line with
previous studies (49,54) in adults. Furthermore, this association could be explained by
some characteristics of the MedDiet (49) which is rich in fish, nuts, olive-oil, legumes as

well as other plant-based foods (55) and low in refined cereals and sugar drinks.

Some results of the present article are also in line with a meta-analysis (56) which have
shown that exclusive and long-term breastfeeding are associated with reduced risk of
obesity in children. In contrast, a clinical trial (57) conducted in Belarussian infants,
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aimed to achieve higher rates of exclusive and prolonged breastfeeding and reported that
participants in the intervention group increased the duration and exclusivity of
breastfeeding but showed no inverse effects for either low blood pressure or risk of
obesity at 16 years of age. However, regarding the relationship between exclusive
breastfeeding and overall cardiometabolic risk in children, it exists insufficient solid

evidence (58) and therefore further studies are warranted.

The ‘a priori’ composite score comprised of 6 healthy lifestyle behaviors has been
developed based on current evidence on diet and other lifestyle behaviors. However,
possible interactions among the lifestyle behaviors assessed in the present study cannot
be disregarded. For example, short sleep duration and high screentime or non-compliance
with physical activity recommendations have been observed in association with higher
adiposity in children (33). Additionally, an interaction between diet quality and physical
activity was also reported (33), for which an unhealthy diet showed a significant impact
according to the level of physical activity. Furthermore, additional putative lifestyle

behaviors might have coexisted in participants and partially explain the results observed.

If further research could confirm the associations observed in the present article, this
composite score comprised of 6 healthy lifestyle behaviors could become, in clinical
practice, a useful tool that used as a simple checklist may contribute to the improvement
of the prevention of adiposity and cardiometabolic disorders by early detection of lifestyle
behaviors in childhood. Nevertheless, further research should be focused on more
objective assessments of certain lifestyle behaviors such as direct visualization for eating
speed and accelerometry for physical activity. Also, rigorous long-term and interventional
studies should be conducted in children from different cultural contexts and may be

extended to school children and adolescents.
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The present study has some limitations that deserve to be mentioned: a) this is a cross-
sectional study, so cause-effect conclusions should not be made; b) the studied population
corresponded to Spanish preschool children and therefore the findings cannot be
extrapolated to other populations; ¢) associations with residual confounding or undetected
cardiometabolic disorders due to early age in the studied population cannot be dismissed;
d) equations for bioelectrical bioimpedance have not been validated in children under 5
years of age, however, associations for FMI in sensitivity analyses, although not
significant, showed the same direction that in the total population; e) physical activity
was assessed by questionnaires which are limited in the identification of moderate-
vigorous physical activities and for this reason we have not used the recommendation of
60 min/day but the cutoff reported in the WHO European Childhood Obesity Surveillance
Initiative (20). In addition, some strengths also deserve to be mentioned. First, the studied
population was comprised by a large sample size of the CORALS cohort from 7 Spanish
centers, drew from general population. Second, data for lipids profile and fasting plasma
glucose were available for the total studied population. Third, several measures were used

to assess adiposity and cardiometabolic risk.

CONCLUSIONS

Higher adherence to a composite score comprised of the healthy behaviors for
breastfeeding, sleep duration, physical activity, screentime, adherence to the MedDiet and
eating speed was associated with lower adiposity, systolic blood pressure and fasting
plasma glucose concentration in a population of healthy preschool children. Slow eating
speed appeared to be the healthy behavior with greater contribution in the individual
associations with adiposity and cardiometabolic risk factors, so it may be beneficial to

consider this modifiable behavior in future strategies for reducing the risk of childhood
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obesity and its comorbidities. Nevertheless, further long-term and interventional studies

are required to confirm these associations.
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ABBREVIATIONS

CORALS: Childhood Obesity Risk Assessment Longitudinal Study.
B: Beta coefficient.

CI: Confidence interval.

WHO: World Health Organization.

ALADINO: ALimentacion, Actividad Fisica, Desarrollo INfantil y Obesidad.
MedDiet: Mediterranean diet.

FMI: Fat mass index.

HDL-c: High-density lipoprotein cholesterol.

LDL-c: Low-density lipoprotein cholesterol.

FFQ: Food frequency questionnaire.

CESNID: Centre d’Enseyament Superior de Nutrici6 i Dietética.
IQR: Interquartile ratio.

OR: Odds ratio.

BMI: Body mass index.

ISCIII: Instituto Salud Carlos IIT

CONACYT: Consejo Nacional de Ciencia y Tecnologia

ICREA: Institucion Catalana de Investigacion y Estudios Avanzados

CIBEROBN: Centro de Investigacion Biomédica en Red de Fisiopatologia de la

Obesidad y Nutricion.
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General discussion

In the present thesis, the summary of the main findings is that
several lifestyle behaviors, including MedDiet, eating speed, eating
frequency, breastfeeding, sleep duration, physical activity and
screentime, may play an important role on the onset of obesity and
its associated cardiometabolic risk in children. However, their
contribution to these health outcomes may not be equally
distributed. In this sense, fast-eating speed was observed in
association with increased adiposity, higher levels of systolic blood
pressure and fasting plasma glucose but lower adherence to the
MedDiet. On the other hand, slow eating speed showed a major role
in the concomitant associations observed between healthy
behaviors for breastfeeding, sleep duration, physical activity,
screentime, adherence to MedDiet and eating speed and lower
adiposity as well as cardiometabolic risk, specifically systolic blood
pressure levels and fasting plasma glucose concentration.
Furthermore, in individual associations, slow eating was the lifestyle
behavior associated with lower fasting plasma glucose
concentration and, increased adherence to the MedDiet had a solely

contribution to lowering serum triglycerides levels.

In line with the results of the present thesis, similar associations
have been reported between eating speed and eating frequency and

adiposity®371% and/or cardiometabolic risk ¥*”1°° in children with

Diet quality, eating behaviors, other lifestyle factors and cardiometabolic risk in
children
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different ethnicities. In contrast, positive associations between
eating frequency and adiposity have also been observed % but only
in children with central obesity, who were more likely to show lower
levels of physical activity which may support this finding. On the
other hand, eating speed has been associated to several measures

201 3nd waist-to-

of adiposity, including percentage of body fat mass
height ratio?®? but to our knowledge, no published articles have
considered fat mass index. Regarding evidence on the associations
between fast-eating speed and increased systolic blood pressure or
fasting plasma glucose concentration in children, similar results

have been reported but only for systolic blood pressure?°3,

With respect to slow eating, a Finnish observational study?®* and an
American clinical trial®®® conducted in children, also observed
associations between slow eating and favorable levels of adiposity
however, associations with cardiometabolic risk factors were not

assessed in none of them.

It is important to highlight that evidence on the associations
between eating speed and health outcomes, has been commonly
reported in terms of the fast-eating category, being slow eating
usually the reference category. Additionally, it should be noted that

the process of eating and oral proccessing comprises many other

205-211 212

factors , including satiety signals?!?, all of which may impact
directly or indirectly on adiposity and cardiometabolic risk. In this

sense, eating pace (e.g., eating speed, eating rate or energy intake

Diet quality, eating behaviors, other lifestyle factors and cardiometabolic risk in
children
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rate) have been related to sensory and dietary characteristics such
as certain textures?!32%5, tastes?'6217 and food composition?¢, all of
which could play a role on dietary and eating behaviors?'®21° which
is evidenced by the positive associations that have been reported
between eating speed and sweet-tasting 2® or ultra-processed

foods 22°.

Regarding the observed association between fast-eating category
and decreased adherence to MedDiet, at present no comparisons
can be made due to lack of similar published articles. However, this
result could have received a substantial contribution by certain
characteristics of the MedDiet which is widely recognized by its
benefits on health??122> and comprises plenty plant-based foods,
whole grains, legumes, olive oil, nuts, dairy and fish/seafood,
moderate consumption of wine, poultry, eggs and lower intake of
red and processed meat as well as other processed foods??62?7,
Moreover, the consumption of minimally processed diets, which
may be extended to MedDiet, has been reported in association with

228 which could explain differences in eating speed.

satiety signals
On the other hand, previous studies??>23° have observed greater
adherence to MedDiet associated with lower serum triglyceride
levels which is in line with the results of the present thesis, yet in

contrast with Lampropoulou et al 232,

With regard to the impact of MedDiet on cardiometabolic risk, it is

important to consider that multiple bioactive compounds are higher

Diet quality, eating behaviors, other lifestyle factors and cardiometabolic risk in
children
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in plant-based diets which include fiber dietary, minerals, vitamins,
fatty acids, proteins, some carbohydrates and polyphenols, all of
which have been suggested to play a direct role in obesity through

inflammation and cardiometabolic risk factors?32.

Results of the present thesis are also consistent with several cross-
sectional 111135163164 gnd |ongitudinal’!! studies regarding the
associations between the co-occurrence of healthy lifestyle
behaviors and decreased adiposity in children however, only
Bawaked et al.''! assessed cardiometabolic risk, as measured by
HDL-c, triglycerides and blood pressure, but no significant results
were observed at baseline or in the follow-up. In this sense, it must
be noted that the methodology of the composite score comprised
of 6 healthy lifestyle behaviors, created for the purposes of this
thesis, differs from previously designed lifestyle indexes targeting
populations of children!'1135163,164 Thjs js mainly due to differences
in the assessment of lifestyle behaviors, in which compliance with
recommendations for lifestyle behaviors where mostly disregarded
and adherence to the MedDiet, eating speed or breastfeeding were

not considered as lifestyle behaviors.

On the other hand, regarding the contribution of breastfeeding and
in line with the present thesis, several benefits on adiposity?33 and
cardiometabolic profile®>?3* have been reported in breastfed
children however, evidence on exclusive breastfeeding is

controversial at present®23> mainly due to insufficient long-term
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and interventional studies?3¢. Otherwise, it is worth noting that
sedentary behaviors assessment usually focuses on the screentime,
so additional related factors that might also have health
consequences are rarely assessed, such as the type of digital
media/device and the content to which the children are exposed
(educational, recreational, etc.)?®’, including advertisements'#4, as
well as the setting in which digital media is used (school, home,

mealtimes or others).

Additionally, we cannot discard the existence of interactions
between the lifestyle behaviors assessed for the purposes of the
present thesis, which may explain some of the results. In this sense,
increased adiposity has been observed in relation to the combined
associations of higher screentime but lower sleep duration and
physical activity levels 13° . Similarly, increased screentime as well as
consumption of saturated fats and sugar-sweetened beverages but
lower protein intake have been reported in association with a
detrimental cardiometabolic profile in children 23, Besides, higher
adherence to the MedDiet has been associated with higher physical
activity!32239.240 hyt lower screentime?4%241 which also may lead to

differences on cardiometabolic health.
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Limitations and Strengths

Certain limitations of the present thesis required to be mentioned
in order to avoid misunderstandings about the results. First, this
thesis is not comprised of long-term and/or interventional studies
so it is not possible to draw cause-effect conclussions or to discard
bidirectional associations, especially between eating speed and diet
quality. Second, it might exist residual confounding or undetected
cardiometabolic disorders due to early age in the studied
population. Third, results cannot be extrapolated to other
populations since analyses have been conducted in a population of
Spanish preschool children. Fourth, data has been collected through
guestionnaires however, eating speed was not estimated based on
parents’ self-perception (e.g., low, mild or fast eating speed) but on
the total minutes required to eat each meal. Furthermore, analyses
assessing the associations between eating speed, adiposity and
cardiometabolic risk factors were replicated considering the CEBQ
scale “slowness in eating” as main exposure. Fifth, equations for
bioelectrical bioimpedance are not validated in children aged <5
years and therefore, sensitivity analyses were conducted. Finally,
even though the 18-item MedDiet questionnaire has been adapted
to children according to a questionnaire validated in an elderly
population, the results should be interpreted with caution, since

validation is in progress.
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The present thesis has also strengths that merit to be mentioned.
First, the analyses were conducted on a population comprised of a
large sample size from the 7 CORALS study recruitment centers.
Second, a specific and homogeneous methodology was used across
all participants. Third, data from blood samples collected was
available for the total studied population. Fourth, cardiometabolic
risk was assessed by several adiposity measures and
cardiometabolic risk factors. Fifth, several confounding variables
were considered for the purposes of the present thesis, as well as
sensitivity analyses. Additionally, further adjustment by all those
lifestyle behaviors that were not of interest when assessing the
individual associations between each of the 6 healthy lifestyle

behaviors and cardiometabolic risk outcomes.
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English

In overall, the main conclusion of the present thesis is that eating
speed is cross-sectionally associated with adiposity and levels of
cardiometabolic risk factors in healthy preschool children,
individually and as part of a composite score that also includes other
lifestyle behaviors such as diet quality, exclusive breastfeeding,

physical activity, sleep duration and sedentary behaviors.
Hypothesis n° 1:

Fast-eating speed is associated with increased adiposity and levels
of certain cardiometabolic risk factors as well as with lower diet

quality.

o Compared with slow eating, those participants allocated in
the fast-eating category showed higher levels of adiposity
(overweight or obesity, higher waist circumference, FMI),
and increased levels of certain cardiometabolic risk factors
(systolic blood pressure and fasting plasma glucose) but

lower adherence to the MedDiet.
Hypothesis n° 2:

Higher diet quality, slow eating and the compliance with
recommendations for breastfeeding, physical activity, sleep

duration and sedentary behaviors are associated with lower
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prevalence of overweight or obesity and lower levels of
cardiometabolic risk factors which could lead to decreased risk of

disease in childhood.

o Higher adherence to a composite score comprised of 6
healthy lifestyle behaviors was associated with lower
adiposity, systolic blood pressure levels and fasting plasma
glucose concentration in preschool children.

o Slow eating showed to be a major contributor in the
associations observed with adiposity and cardiometabolic
risk factors and has a sole contribution in lowering fasting
plasma glucose concentration.

o Higher adherence to the MedDiet was negatively associated

with serum triglycerides levels.

The results of the present thesis could favor the design of enhanced
strategies for the prevention and/or treatment of childhood obesity
and its associated comorbidities, contributing to alleviate one of the
greatest concerns of Public Health: childhood obesity and the future
health of the younger generations. From this perspective, the fact
that a simple checklist of relevant lifestyle behaviors enables the
early detection of potential detrimental effects on cardiometabolic
health in children is becoming more feasible. However, further
research is warranted due to the scarce number of longitudinal
studies and rigorous clinical trials as well as a greater number of

under-powered studies in children.
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Castellano

En general, la principal conclusién de la presente tesis es que la
velocidad de la ingesta se asocia transversalmente con la adiposidad
y los niveles de factores de riesgo cardiometabdlico en nifios
preescolares sanos, individualmente y como parte de un sistema de
puntuacion que también incluyd la calidad de la dieta, lactancia
materna exclusiva, actividad fisica, duracién del suefio y conductas

sedentarias.
Hipétesis n° 1:

La velocidad a la que se come rapido se asocia con un aumento de
la adiposidad y de los niveles de determinados factores de riesgo

cardiometabdlico, asi como con una menor calidad de la dieta.

o En comparacién con comer despacio, los participantes
asignados a la categoria de comer rapido presentaron
mayores niveles de adiposidad (sobrepeso u obesidad,
mayor perimetro de cintura, indice de masa grasa) y niveles
de ciertos factores de riesgo cardiometabdlico (presion
arterial sistdlica y glucosa plasmatica en ayunas) pero menor

adherencia a la dieta Mediterranea.

Hipétesis n° 2:
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Una mayor calidad de la dieta, comer lento y cumplir con las
recomendaciones para lactancia materna, actividad fisica, duracion
del suefo y tiempo de pantallas se asocian a una menor prevalencia
de sobrepeso u obesidad y a disminucion de los niveles de algunos
factores de riesgo cardiometabdlico, lo que podria conducir a menor

riesgo de enfermedad en la infancia.

o Una mayor adherencia a una puntuacion compuesta de 6
comportamientos de estilo de vida saludables se asocidé con
una menor adiposidad, presién arterial sistdlica vy
concentracién de glucosa en plasma en ayunas en nifios en
edad preescolar.

o Comer lento mostré una mayor contribucion en las
asociaciones observadas para la adiposidad y los factores
de riesgo cardiometabdlico, y fue el Unico
comportamiento de estilo de vida asociado a una menor
concentracion de glucosa plasmatica en ayunas.

o La mayor adherencia a la MedDiet se asocié negativamente

con los niveles séricos de triglicéridos.

En este sentido, los resultados de la presente tesis podrian favorecer
el disefio de mejores estrategias de prevencion y/o tratamiento de
la obesidad infantil y sus comorbilidades asociadas que puedan
contribuir a paliar una de las mayores preocupaciones de la Salud
Pablica: la obesidad infantil y la salud futura de las nuevas

generaciones. Desde esta perspectiva, el hecho de que una simple
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lista de comprobacion de los comportamientos de estilo de vida
relevantes permita la deteccion precoz de posibles efectos
perjudiciales sobre la salud cardiometabdlica de los nifios es cada
vez mas factible. Sin embargo, son necesario mas estudios debido a
gue existe un escaso numero de estudios longitudinales y ensayos
clinicos rigurosos en nifios y los estudios de poca potencia

estadistica impera.
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At present, childhood obesity can be considered a pandemic due to
its increasing global prevalence and incidence and, regrettably, the
earlier its onset, the greater the risk of comorbidities in childhood
and adulthood. In this sense, prevention and treatment of childhood
obesity is challenging due to the wide network of related etiological
factors and although the present thesis provides evidence on certain
risk factors potentially associated to this pathology, it is still
insufficient for a complete understanding of the mechanisms that
could trigger its onset and/or favor its prevalence. Therefore, some
of the gaps that should be addressed to this purpose can be

summarized as follows:

o Further long-term observational prospective and
interventional studies should be conducted in populations of
children from different cultural contexts assessing the
associations between eating speed, and diet quality with
cardiometabolic risk and including several measures of
adiposity, such as FMI. It is important to highlight the
importance of considering eating speed and diet quality as
well as their possible interactions with other lifestyle
behaviors due to their potential impact on childhood
obesity, especially in early life.

o Evidence on the role of exclusive breastfeeding in certain
health outcomes in children is controversial and very limited,

especially regarding its association with cardiometabolic risk
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factors. In order to confirm our results, further research
assessing the concomitant impact of lifestyle behaviors on
cardiometabolic risk, including adiposity, should consider
exclusive breastfeeding as an exposure rather than as a
confounder, which is the most common analysis conducted.
To the extent possible, additional studies in children should
focus lifestyle behaviors assessment on objective measures
such as direct visualization of the eating pace and
accelerometry for physical activity.

It is important to establish a consensus on the definitions of
eating pace measures, especially for eating speed and eating
rate. Furthermore, research to improve the understanding
of the mechanisms underlying the impact that these eating
behaviors may have on cardiometabolic health is sorely
needed. In this sense, an interesting approach that currently
has scarcely been explored in children is the influence of
sensory properties, as well as food composition, on the
regulation of eating speed.

Future studies should examine the role of eating speed and
oral processing on glucose metabolism in children as well as
their relationship with other related-hormones (e.g., insulin,
GLP-1) since the results of the present thesis are consistent
with evidence in adults however, in children there are no

studies published to date that have assessed this association.
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o Further research is warranted to confirm the association

between eating speed and diet quality, clarify its direction
and assess their roles in the system of central appetite and
energy balance, which could improve the understanding of
the potential mechanisms underlying childhood obesity and
its related cardiometabolic disorders.

In terms of recommendations for lifestyle behaviors in
children, it is key to review current guidelines and update
them, based on actual research, if appropriate. However, it
should be noted that using recommendations rather than
raw variables (e.g., screentime) could lead to misinformation
if strict cutoffs for categorical variables are applied, since the
risk could be unequal across participants in the same
category (e.g., in a child with a reported screentime of 2.5
h/day than in another with 4h/day).

Furthermore, other potential lifestyle-related factors should
be considered for future research. For example, the type of
digital media as well as the setting in which is used, and the
content may lead to differences in health outcomes.

Finally, it would be a major advance in the understanding of
the mechanisms of childhood obesity if further research
could confirm the results of this thesis through Omics

sciences.
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