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Important Notice: Breastfeeding is best for infants and young children and Nutricia strongly recommend and support breastfeeding.
Nutricia supports the World Health Organization’s global public health recommendation for exclusive breastfeeding for the first six
months of life and continued for two years along with the introduction of safe and appropriate complementary foods after the first six
months of life. For advice on breastfeeding and on decisions related to the health and nutrition of your baby, please consult your physi-
cian or other qualified healthcare providers. A well balanced diet, before, during and after delivery, will help sustain an adequate supply
of breast-milk. Frequent feeding is the best way to establish and maintain a good milk supply. The introduction of partial bottle-feeding
and/or other drinks and foods may have a negative effect on breast-feeding. It is very difficult to reverse a decision not to breast-feed.
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EDITOR’S NOTE

The world of Medicine has made great advances since its early days.
In recent years we have had the privilege of witnessing developments
in understanding the pathogenesis of many of the diseases burdening
humankind. It is frustrating, though, to realize that most of this up-to-
date knowledge does not reach its natural recipients, who are specialist
in each specialty working in daily practice. Thus, we believe that the
need for an informative journal is obvious and self-explanatory.

For this reason, CCM fills the gap in continuing medical education to
benefit every day clinical practice, by publishing this innovative series of
Current Views. In every issue, readers will find a review article and several
summary articles. Current Views in Pediatric Nutrition was designed to
solve the problem of information overload for specialist physicians. Each
journal is compiled by the CCM editorial team based on an ongoing
review of the international literature, and articles are selected for review
and citation on the basis of their relevance to clinical practice.

Current Views in Pediatric Nutrition provides specialists with an
attractive means of continuing medical education that demonstrates
the best of critical thinking and is a source of, and a catalyst for, new
ideas and learning. The editors and medical advisors at CCM have made
every effort to search the international literature to present the most
current, interesting and cutting edge articles, in order to make Current
Views in Pediatric Nutrition a respected and useful tool of physicians with
one aim: to provide a good service to their patients. For this issue, we
have retrieved information from several well respected peer reviewed

journals:

Am J Clin Nutr. J Pediatr.

Ann Nutr Metab Neonatology.

Br ] Nutr. Neuroimage.
Foods. Nutrients.

Front Neuroendocrinol Nutrition.

Front Pediatr. Pediatrics.

Gut Microbes. PL0S One.

J Allergy Clin Immunol Pract. Prev Med.

J Pediatr (Rio ]) Trends Microbiol.

J Pediatr Gastroenterol Nutr.

Current Views in Pediatric Nutrition is owned and produced by CCM
Publishing Group.
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A Note from the Regional Editors

Progress in Pediatric Nutrition has continued at a spectacular pace culminating in a rapid surge in the
number of increasingly precise articles on information about the assessment of growth, the nutritional
status assessment and feeding guidelines, biochemical evaluation of nutritional status, infant nutrition,
enteral nutrition, parenteral nutrition, nutritional management in health as well as in disease for
pediatric residents powered by research. The cumulative knowledge of the complexities of Pediatric
Nutrition continues to be the foundation of new advances across the clinical care continuum.

Discoveries in the fields of metabolism, genomics and immunology have been particularly fruitful
and have firmly established two new pillars of clinical care. These exciting fields of research also show
immense promise for the future. Furthermore, Clinical Medical Societies have been updating their
Guidelines of Pediatric Nutrition.

Current Views in Pediatric Nutrition was designed to solve the problem of information overload for
specialist physicians. Each journal is compiled by the Regional Editors based on an ongoing review of the
international literature, and articles are selected and then summatrized for citation and review on the
basis of their relevance to clinical practice.

Current Views in Pediatric Nutrition mainly caters to the needs of the professionals, researchers, clinical
practitioners and medical practitioners in the field of Pediatrics. Our content covers topics that advance
clinical practice, and tackle issues related to global Pediatrics. The Regional Editorial Board'’s aim is to
include the most complete and reliable sources of information and discoveries ongoing in Pediatrics
and Nutrition research and treatment. The Regional Editors work as a distinguished team of experts to
ensure the highest standards of selection. All relevant articles in the international literature are carefully
considered and once selected all materials are promptly processed and published.

The stringency of selecting and voting on state of the art articles was done by our respected Regional
Editorial team members who are listed within the journal. Our fundamental purpose is to advance
clinically-relevant knowledge of Pediatric Nutrition, and improve the outcome of prevention, diagnosis
and treatment of pediatric disease.

In this fourh issue, due to the spectacular developments seen lately, original research articles, early
reports and review articles covering key points, potential pitfalls, and management algorithms which
allow for rapid-reference, and link with the latest evidence, related to infant formula, cow’s milk allergy
and dietary interventions covering the major professional society guidelines and recommendations for
clinical practice have been included.

We believe that the readers will find many topics of interest related to their everyday practice.

The Regional Editorial Board
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Obesity and Metabolic Disorders
in Childhood

Introduction

It has been estimated that 4% to 23% of children world-
wide are overweight or obesity. The prevalence of childhood
obesity has been increasing dramatically during the past 4
decades, both in developed and developing countries.’ ? As
reported by the World Health Organization (WHO), the
number of overweight infants and children in Europe rose
steadily from 1990 to 2008, and the proportion of over-
weight and obesity in childhood increased by 47.1% between
1980 and 2013 worldwide.>*

Childhood obesity leads to short- and long-term prob-
lems of physical, social, and emotional health.* Obese chil-
dren are highly prone to becoming obese in adulthood, and
this long time-span puts subjects at high risk for developing
severe comorbidities such as the metabolic syndrome (MS),
type 2 diabetes mellitus (T2DM), cardiovascular disease, is-
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chemic stroke and several types of cancer in adults; however,
socioeconomic status and unmeasured lifestyle factors may
confound these observational associations.*%¢

The insidious effects of metabolic disease and the limited
treatments to prevent the long-term morbidities of metabol-

ic syndrome on cardiovascular disease (CVD) make obesity

a threat to both child and adult health.”

Prenatal, infant, childhood predictors of

adult obesity

Obesity is simply defined by the extra-accumulation of fat in
the adipose tissues due to either excess caloric intake, reduced
energy expenditure, or both. In mammals, white adipose tis-
sue (WAT) accumulates such extra calories in the form of
triglycerides, while brown adipose tissue (BAT) burns the
fat to produce heat in maintaining body temperature. WAT
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is the major culprit in the pathogenesis of obesity, as it ac-
cumulates fat/triglycerides and keeps expanding; while BAT
consumes fat to produce heat, thus combating obesity.®

Prenatal risk factors are associated with increased risk for
obesity later in life. A relationship has been shown between
maternal BMI, maternal smoking and maternal weight gain
during pregnancy and adult obesity. Maternal obesity affects
peri-conception events such as oocyte and embryo quality.
Intrauterine growth restriction with early catch-up growth
during infancy is related to the development of central adi-
posity and the risk of cardiovascular disease.*

The condition of high BMI in childhood predisposes to
obesity in adulthood and increased risks for obesity-related
morbidities and mortality in adulthood, and this risk rises
with age. In a systematic review including 34 studies, the
effects of childhood obesity on the cardiovascular system is
confirmed by the strong association between obesity (BMI
> 85% or 95™ centiles) and several cardiovascular risk fac-
tors (i.e., dyslipidemia, high blood pressure, abnormalities in
left ventricular mass or function, abnormalities in endothelial
function, hyperinsulinemia, or insulin resistance).*

In the Kaunas cardiovascular risk cohort study with over
35 years of follow-up, an increased childhood BMI and skin-
fold thicknesses is associated with an increased risk of devel-
oping adult obesity, hyperglycemia or T2DM, MS, and an
elevated level of high-sensitivity C reactive protein (CRP).
By contrast, childhood obesity does not influence arterial hy-
pertension and serum levels of triglycerides and high-density
lipoprotein (HDL) cholesterol. Moreover, an increased odds
of the overall mentioned risk factors is observed when BMI
is increased from childhood to adulthood.’

Although it is well recognized that early-onset obesity is as-
sociated with an increased risk for developing metabolic and
cardiovascular disease, there is still debate about the utility of
MS as a cardiovascular predictor in children and adolescents.
Population-based studies highlight that the presence of MS
during adolescence is not predictive of adult MS and T2DM
or increased carotid intima-media thickness (cIMT).»°

While cardiovascular risk associated with childhood BMI
and MS has been shown to be reversible in the case of obesity
and MS recovery, childhood low-density lipoprotein (LDL)
cholesterol, blood pressure and, in particular, a triglyceride/
high-density lipoprotein (HDL) ratio < 3 are associated with
adult cardiovascular risk, irrespective of their tracking into

adulthood.*!
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Among risk factors predisposing to the development of
MS in childhood, genetic factors, low birth weight, and ear-
ly adiposity rebound may all contribute to a child’s future
risk. Several other risk factors have been emerging as poten-
tial predictors of MS at a general population level. Among
lifestyle risk factors, infrequent fruit consumption and low
physical activity in childhood are associated with accelerated

6-year IMT progression in adulthood.*

Metabolic inflammation in childhood

obesity

In the setting of obesity, codependent interactions between
metabolism and inflammation have been observed in the
prenatal environment, infancy, early childhood, and adoles-
cence.’

Emerging evidence indicates that immune cells and adi-
pocytes interact to regulate metabolic functions that impact
obesity. In general, to fight with infections or other threats,
immune cells disperse energy to release cytokines and cell
proliferation by consuming glucose and other sources of en-

812 However, upon surplus energy situa-

ergy from the body.
tions, adipocytes also start releasing inflammatory cytokines
that bi-directionally influence the functions of adipose tissue
resident immune cells such as macrophages. In these condi-
tions, adipocytes do not function properly and cause differ-
ent forms of cellular stress which activate the inflammatory
signaling pathways, which in turn cause insulin resistance in
adipocytes.®!

Pro-inflammatory cascades within adipocytes are required
for adipogenesis and adipocyte hypertrophy with high-fat
diet (HFD) challenge.®** With chronic obesity, leukocytes
within adipose tissue generate a sustained pro-inflammatory
tone that has negative effects on adipocyte insulin sensitivity
and contributes to systemic insulin resistance. Adipose tissue
leukocytes such as eosinophils and innate lymphoid cells in-
teract with ATMs in the lean state to maintain homeostasis
and counteract the pro-inflammatory signals.®'s

While many preclinical studies have examined the effects
of obesity on inflammation in prenatal and early postnatal
periods, there are limited basic studies assessing the effects
of childhood and adolescent obesity on life-long disease
risk.® Overweight and obese children as young as 3 years of
age demonstrate elevations in CRP and absolute neutrophil
counts.!® Several studies have shown that elevated white

blood cell (WBC) counts in obese children track into adult-
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hood and correlate with the number of metabolic syndrome

components.®

In children, these inflammatory biomarkers are strongly
associated with adiposity, and in severely obese adolescents
the risk of elevated CRP, impaired fasting glucose, and hy-
pertension increase in concert with increased BMI.'"* Pro-
tective factors such as adiponectin have been shown to have
a similar decrease with increasing BMI and increased CRP.®

Obesity has lifelong effects on metabolism and immune
system activation that may have multiple starting points
from the prenatal period through adolescence. The existing
data suggest that whenever it is initiated in children, many
features of inflammation persist through adulthood. Weight

reduction in children can normalize inflammatory markers.”

Microbiota studies have underlined the role of dysbiosis in
developing several metabolic disorders like obesity, diabe-
tes and immune-related disorders like asthma. During the
early years of life, the intestinal microbiome is relatively dy-
namic, and these initial dwellers have a key impact on the
host health throughout life. Thus, it is important to under-

stand the factors that influence and modify the microbiome
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at various stages of life for an individual, with an emphasis
on early life.”? These efforts will lead to the development
of disease-specific biomarkers that can be used potentially
for diagnostics and eventually to design treatment strategies.
The gut microbiome can play a key role in the immune-adi-
pocyte interactions regulating obesity. Studies over the past
decade have confirmed that the gut microbiome is not only
associated with obesity but is also a causative factor, having
the ability to increase its risk.®

Gut microbiome, immune, and metabolic (MIM) cells, in-
cluding adipocytes, closely interact and regulate functions of
each other, which can impact obesity pathology. While the
role of the MIM axis in obesity is emerging considerably in
context to adulthood obesity, its role in childhood obesity is
not well developed.®

Overall maternal health is crucial for the risk of obesity
in offspring later in life. Factors including maternal obe-
sity, diabetes, malnutrition, medications, and lifestyle (dur-
ing, before, and after pregnancy) can impact the offspring’s
MIM axis.?* Almost two-thirds of American child-bearing
aged women have obesity.?? Maternal obesity and diabetes
are known to pose high risks of developing these ailments in
their children.®?

Human studies demonstrated that the offspring from
mothers with peripartum or intrapartum obesity/overweight
are more likely to have obesity/overweight. Infants of moth-
ers with less gestational weight gain (GWG) have lower fat
mass, while offspring with excessive GWG have greater fat
mass.** The microbiome is significantly less diverse in chil-
dren from mothers with obesity, demonstrating that envi-
ronmental factors like microbiome may contribute to human
childhood obesity.**

Antibiotic use during infancy increases the risk of obe-
sity by inducing microbiome dysbiosis.?* Compared to older
children and adults, the microbiome of the infant is much
more sensitive to antibiotic-induced alterations. Specifically,
infants struggle to replenish bacteria that have been killed
by antibiotics.

Stark et al. found that antibiotic exposure in early life
significantly increases the risk of early childhood obesity
regardless of the strength or type of antibiotic, and longer
exposure increases this risk.?” Another study demonstrated
that specifically the number of antibiotic courses — rather

than mere exposure — during childhood determines the risk
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of childhood obesity, where children having at least four
course of antibiotics had significant increases in the risk of

childhood obesity.**

Cardiometabolic characteristics of obese

children with NAFLD

Previous studies have shown certain differences in the meta-
bolic characteristics between non-alcoholic fatty liver disease
(NAFLD) children and simple obese children, especially in
Western countries. A study in Norway reported NAFLD
children had significantly lower insulin-like growth factor
1 standard deviation score (IGF-1 SDS), higher BMI, ho-
meostasis model insulin resistance index (HOMA-I), and
uric acid (UA) than simple obese children, and IGF-1, BMI,
HOMA-IR, and UA were useful markers of NAFLD in
obese children and adolescents.”” As newly established com-
ponent of metabolic syndrome, UA served as a predictor for
NAFLD as well. A meta-analysis showed that higher UA
levels led to an increased risk of metabolic syndrome, and
showed a linear dose-response relationship. Furthermore,
they also showed a causal relationship between UA and
childhood NAFLD.»-3031

Genetic determinants in children

obesity

During intrauterine life, several factors such as maternal and
paternal genes, maternal BMI, maternal smoking, maternal
alcohol consumption, maternal drug use, exercise during
pregnancy, and birth weight, vary depending on the epige-
netics of an individual, and can predispose to obesity and
other phenotypes during later stage of life.*

As a multifactorial disease, obesity in children is associated
with both genetic determinants and environmental factors.
In this sense, genetic polymorphisms have been evaluated in
obesity, and it is thought that approximately 65% of the vari-
ation in obesity is genetic.*? However, genetic factors alone
cannot explain the rise in the prevalence of this disease: the
gene-environment interaction has been suggested as an im-
portant factor in the development of obesity.**

Dietary intake of methyl groups (choline, methionine,
genistein and folate) during critical periods of developmen-
tal stages alters promoter DNA and histone methylation,
thereby resulting in lifelong changes in gene expression, and
alteration of the epigenome towards obesity in adulthood.*

DNA methylation Studies about DNA methylation in
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childhood obesity are incipient when compared with adult
obesity. The understanding of DNA methylation in children
is especially important, since evidence shows that the pat-
terns of methylation established in early life are persistent.*
In addition, factors that can alter gene expression and DNA
methylation, such as comorbidities and smoking, do not oc-
cur or have minimal impact in children and teenagers.3*
Leptin The adipokine leptin has been extensively studied
since its discovery. This protein acts in the central nervous
system and plays important roles in the regulation of me-
tabolism and in satiety. Higher levels of this protein are ob-
served in individuals with obesity when compared with lean
ones, both in children and in adults.’*¥ Several studies have
shown that the leptin (LEP) promoter in the blood, saliva,
and cord blood is hypomethylated in children with obesity,
and this state is negatively correlated with body weight, adi-
posity, and metabolic profile. Methylation of the leptin re-
ceptor (LEPR) gene was also assessed in children, although

no associations were observed between methylation and

measures related to obesity.?*38
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Insulin-like growth factor 2/long noncoding RNA H19 (IGF2/
H19) Children with obesity who were not breastfed in their
first year of life presented a higher mean methylation at the
differentially methylated region (DMR) when compared
with lean children who had also never been breastfed. For
the three CpGs located upstream of the exon 3 in the IGF2
gene, there were no associations of the methylation at these
CpGs with body weight or breastfeeding status. The increase
in the levels of methylation in the IGF2 P3 promoter was
associated with higher serum concentrations of triglycerides,
C reactive protein, and triglycerides/high density lipoprotein
(HDL) ratio in children.??

Epigenome-wide studies in childhood obesity, despite
the variability, frequently identify differentially methylated
CpGs in genes implicated with lipid metabolism and adipo-
genesis, insulin action, embryonic development, cancer, and
immune regulation.

The investigation of methylation profile across a wide
range of sample types needs to be further explored and com-
pared; the precise maternal and paternal influence upon chil-
dren’s adiposity, body weight, and methylation needs to be
better addressed; variables, such as participants’age, must be
controlled more strictly; well as longer longitudinal studies
should be performed.*

It is difficult to address all the progressive mechanisms
that lead to the long-term adverse effects of childhood or
adolescent obesity on cerebrovascular and cardiovascular
diseases and accidents in adulthood. Early obesity occurring
in childhood may expose subjects to the long-term effects

of metabolic disturbances with further consequences during

adulthood.*

Lifestyle interventions

'The importance of the early identification of children at risk
of developing MS, and subsequently progressing to T2DM
and cardiovascular disease in later life must not be underes-
timated. Current initiatives include school-based programs
addressing physical activity and diet, which have been con-
ducted with mixed success in reducing adiposity.*

Schools are regarded as a suitable setting for implementing
obesity and related disease prevention programs, as they pro-

vide continuous and intensive contact with children, regard-
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less of their ethnicity or socio economic status. However, the
main issues concerning physical activity and nutrition arise
in school children.’*#

Costa-Urrutia et al developed a school-based multi-com-
ponent intervention program which included 60-min physi-
cal activity conducted five days a week, a health education
workshop once a week, a meal serving program at the school
five days a week and parent involvement activities to treat
and prevent overweight, diabetes and cardiovascular risk in
schoolchildren. The intervention program was applied in
six urban (Mestizo ethnic group) and indigenous (Seri and
Yaqui ethnic groups) primary schools for 12 weeks. A total
of 320 children aged 4-12 years participated in interven-
tion program; 203 under Treatment 1 [health education and
parent involvement — (PAHEPI) program] and 117, only
from Mestizo groups, under Treatment 2 (PAHEPI+ school
meals). For BMI, cardiovascular and diabetes factors, pair-
wise comparisons of values at baseline and after treatments
were done using Wilcoxon signed rank test. Generalized
linear models were applied to assess the intervention effect
by age, sex and nutritional status in relation to ethnicity and
treatment.*

The Mestizo groups showed improvements in TG and
GL. Nevertheless, children under T2 showed improvements
in almost all outcomes, except for TG which showed no
differences and slightly increased HbA1 .. HDL decreased
significantly and LDL increased under T1; however, LDL
decreased under T2 but we did not observe positive changes
in HDL. It suggests that physical activity along with an edu-
cation and school meals is effective for improving LDL in
the short term, but improvements in HDL may take longer
than 12 weeks. The intervention was successful in reducing
cardiovascular risk factors (T'C and T'G), and BMI in chil-
dren with overweight and obesity.”

Effective treatment of obesity in children and adolescents
traditionally requires frequent in-person contact, and it is
often limited by low participant engagement. Mobile health
tools may offer alternative models that enhance participant
engagement.*! Cueto et al enrolled a total of 1120 partici-
pants in the mobile app—based health coaching and behavior
change program for weight management analyses. Among
overweight and obese children using a mobile app—based

health coaching and behavior change program, increased en-
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gagement was associated with longer voluntary commitment
periods, and increased number of coaching sessions was as-
sociated with decreased weight status.”

Monzani et al validated “skipping breakfast” as a marker
of risk of overweight/obese (OW/OB). The “chrono-nu-
trition” has been investigated within the context of obesity
since studies have shown that eating at the “wrong” time of
day can induce weight gain, despite a similar caloric intake.
'The length of night fasting, the presence of time-restricted
feeding, the composition of nutrients of the last meal be-
fore sleeping, the chronotype of individuals, the food timing
behaviors of parents and sibling should be all investigated
with respect to breakfast skipping or not in further stud-
ies to reduce residual confounders beyond sleeping habits,
daily food quality and physical activity data supporting skip-
ping breakfast as a potential “marker” of lifestyle behaviors in
children and adolescents that promote OW/OB and meta-
bolic diseases.*?

Obesity prevention

Early infant weight development influences metabolic regu-
lation later in life. For the prevention of obesity and meta-
bolic diseases, it is important to understand the underlying
mechanisms in detail. High maternal and low cord blood
leptin levels are associated with a higher BMI-SDS gain in
the first year of life. Maternal leptin levels are influenced by
prepregnancy BMI and weight gain during pregnancy. Cord
blood leptin concentrations are influenced by sex as well as
maternal moderate-intensity physical activity during the
third trimester.

An active maternal lifestyle, maternal BMI, and the weight
gain during pregnancy may indirectly influence an infant’s
change in BMI-SDS during the first year, partly explained
by its influence on leptin levels. In terms of obesity preven-
tion, it is important to focus on infant weight development
in the first year, taking potential influencing factors, such as
maternal lifestyle and anthropometry, into account.®
Appropriate algorithms specific for childhood obesity are
needed to allow more realistic predictions of intervention ef-
fects. Only recently such an algorithm has been proposed in
adults to estimate the weight outcomes of clinical health in-
terventions accounting for compensatory changes in energy

intake or expenditure.*
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Conclusion and future perspectives
Obesity is the main manifestation of metabolic syndrome.
Obese children are more likely to develop cardiovascular
disease, diabetes, metabolic syndrome, fatty liver, and insulin
resistance, causing higher casualty.

As obesity has become a worldwide problem, researchers
have naturally searched to discover causative factors that
could be modulated to improve this issue. Early life fac-
tors seem to play a large role in imprinting risk factors for
future overweight and obesity. Thus, it has become crucial
to analyze maternal, prenatal, infant, and childhood deci-
sions made that could impact the child’s health, as early life
overweight and obesity lead to significantly increased risk of
persistent obesity in adulthood, contributing to the current
obesity epidemic. Some of the important factors that could
significantly alter the risk of childhood obesity include ma-
ternal health, use of antibiotics in both mother and children,
and birth and feeding methods.®

Unhealthy diets, increasingly sedentary lifestyles and genet-
ic/epigenetic variants play a role in the persistence of obesity
in adulthood. Health promotion programs/agencies should
consider these factors as reasonable targets to reduce the risk

of adult obesity.*
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