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La magia de la lactancia materna: Seguimos aprendiendo...

Mª Carmen Collado Amores
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La Magia de la Leche humana

Maria Carmen Collado

13/11/2019

www.iata.csic.es

LA MAGIA DE LA LECHE HUMANA

• Nutrición Temprana: Lactancia Materna
• Leche Humana: Más allá de los aspectos nutricionales:

– HMO
– Microorganismos
– Otros compuestos

• Factores que influyen en la leche materna
• Mensajes claves

Evolución y Tendencias en Alimentación-Microbiota

SALUD
Obesidad, Diabetes  

Enfermedades no transmisible
Dizdic et al. 2017; Cernada et al. 2016  

Garcia-Mantrana et al. 2016
Collado et al.2010  

Kalliomaki et al. 2008  
Mira-Pascual et al. 2015  

Collado et al. 2008

MICROBIOTA
Probioticos/prebioticos

Collado et al.2010, 2015 and2016  
Avershina et al.2017

Isolauri et al. 2015
Collado et al. 2007

Grześkowiak ,Collado et al. 2012

ALIMENTOS
Proteina, grasa, carbohidratos  

Probioticos/prebioticos
Garcia-Mantrana et al. 2017  

Kumat et al.2017
Rautava, Collado et al. 2012  
Cabrera-Rubio et al. 2012

De Palma et al. 2009 ; Santacruz et al.2009

FUNCIONALIDAD
Metabolismo  

Sistema Inmune  
Nutrición

Homeostasis Intestinal
Collado et al.2006 & 2007 &2008  

Ganguli ,Collado et al. 2015  
Muñoz-Provencio et al. 2012  
Rodríguez-Díaz et al. 2017
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GENERAL COMPOSITION OF THE MATERNAL AND INFANT MICROBIOME  
IN PREGNANCY AND EARLY LIFE

Kjersti Aagaard et al. EMBO Rep. 2016;embr.201643483

© as stated in the article, figure or figurelegend

Sucesión
ecológica

Alteraciones en el proceso de colonización microbiana asociados a incrementode  
riesgo enfermedad durante la vida

Embarazo Parto 1 semana 1 mes 4-6 meses Adulto

PRENATAL

Maternal
microbes

POSTNATAL

Ambiente microbes

Genetica

Tipo de Parto

Dieta

Contribución al avance del conocimiento
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Microbiota

Alergias y enfermedades atopicas (Kalliomaki et al., 2001; Penders et al., 2007; Ouwehand et al., 2009)

Problemas inflamatorios intestinales (IBS y IBD) (Kajander et al., 2006, Kassinen et al., 2007; Peterson et al., 2008; Collins

et al., 2009)

Diarreas asociadas Clostridium difficile (pseudomembranous colitis, antibiotic associateddiarrhoea)
Alergias alimentarias (Isolauri et al., 2008, 2001)

Obesidad y sobrepeso (Turnbaught et al., 2006; Kalliomäki et al., 2008; Collado et al., 2008; 2009)

Enfermedad celiaca  (Sanz et al., 2008; Collado et al., 2007, 2009)

Autismo (Song et al., 2004; Parrancho et al., 2005)- sistema nervioso-comportamientos(Collins and Bercik., 2009)

Diabetes (Burcelin et al., 2011)

Colon cancer (Gueimonde et al., 2007; Balamugaran et al., 2008)

Estrés y ansiedad (Bailey et al., 2008)

ü MICROBIOTA ALTERATIONS are related to DISEASESAsociaciones entre microbiota y enfermedad

SALUD ENFERMEDAD

Influencia del parto y dieta en la colonizaciónmicrobiana

El cese de la lactancia  
materna, tuvo mayor  

impacto que la introducion de  
la alimentacion en el  

desarrollo de una microbiota  
tipo adulto

Bäckhed et al./Cell Host & Microbe 2015

Parto y la DIETA  
claves para el  

desarrollo de la  
microbiota infantil

aIcMiCón

N=90 infants

Dizdic et al.ISMEj 2018

MajdaDzidic

La microbiota oral infantil esta influida por  el tipo de parto y la dieta.

Influencia del parto y dieta en la colonizaciónmicrobiana
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PRETERM GUT MICROBIOME influenced by  FEEDING TYPE

A prospective observational cohort study, paired, in NICU >32 weeks and birth weight ≤ 1.500 g

Parra et al. 2018 Frontiers Microbiology

Despite the higher variability, preterm microbiota composition and predictive functional profiles  
were significantly influenced by feeding type although no differences in microbial diversity and  

richness were found.

AnnaParra

Evaluación de AIcntfiluveidnacida                                                       dPerlopbairótotiycdaieetna                                                                                                                            eBnalcatceorlioansización   
microbiana

Lactation: link mother-infant

PREGNANCY

DIET

EARLYINFANCY

EARLY MICROBIOTA MODULATION

Existe una estrecha relacion entre DIETA, MICROBIOMA Y SISTEMA INMUNE relacionada  
con el riesgo de enfermedades

www.iata.csic.es
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¿Qué hay en la Leche Humana?
Más allá de los aspectos  

nutricionales

Estudios epidemiologicos demuestras que la lactancia
materna reduce la incidencia de infecciones ,
gastroenteritis y diarreas (Newburg,2009)asi como disminuye el
riesgo de desarrollar eczema atopico, asma, obesidad,
diabetes, colitis necrotizante, muerte súbita (Mayer-Davis, 2006;
Amir et al. 2007: kalliomaki et al., 2001 Lancet)

La lactancia materna juega un papel clave en la
colonización microbioma neonatal y en el desarrollo y
maduracion del Sistema inmune.

Leche Materna: GOLD STANDARD en Alimentación Infantil

Lactancia Materna

LECHE HUMANA

LECHE MATERNA: NUTRICIÓN INFANTIL
PERSONALIZADA

Hay diferencias entre estas leches?
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Componentes bioactivos  
Leche humana

↓ Formulas infantiles

Modulación del Crecimiento in  
vivo, Desarrollo gastrointestinal  

yhomeostasis
•Proteínas, péptidos y  
aminoácidos
•Nucleótidos
•Hormonas
•Factores de crecimiento
•Agentes inmunomoduladores
•Poliaminas
•Oligosacáridos
•Bacterias

•Epitelio intestinal, absorción de
nutrientes, permeabilidad de  la mucosa, 
proliferación   celular, microbiota intestinal,
inducción de moléculas superficiales y  
regulación de la producción de citocinas.
•sistema nervioso entérico
•sistema inmunitario de la mucosa

dianas

Goldman, 2000; Baró et al., 2001
Collado et al., 2008; 2010:;2012; 2015
Kunz et al. 2017; Gomez-Gallego et al. 2016 & 2017
Kumar et al., 2017; Boix-Amoros et al. 2016 & 2017
Munblit et al., 2017

Leche Materna: GOLD STANDARD en  
Alimentación Infantil

LECHE HUMANA

LECHE HUMANA:  
HMO

Los Oligosacáridos de la Leche Humana (HMOs) son una familia
estructuralmente diversa de glicanos no conjugados que son muy abundantes y
únicos de la leche humana

Bode et al. 2012

• Más de 200 estructuras de HMO diferentes

• 2-Fucosil lactosa (2’ FL)  es el más abundante

• La composición de los HMO y la cantidad cambian durante la lactancia

• No son digeribles por humanos

HMO
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HMO

Bode L. Glycobiology. 2012 Sep; 22(9):1147–1162.

HMOS decrease antigen  
exposure to the mucosal system

HMO activateTregs

LECHE HUMANA:
Microorganismos

• Métodos de cultivo dependientes e independientes

• Nuevas tecnologías aumentan el conocimiento

Heikkila and Saris, 2003 // Martin et al., 2003, 2006, 2007a,b, 2009 // Martin et al., 2010 // Jost et al., 2013, 2015 // Hunt et al.  
2011

104-105cfu/mL

Estructural

Metabolico

Protector

Microbiota

Leche Materna es una fuente constante de microorganismos
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oióGbtAiióNcAtaNicCeaIAnPeEBnSaOBct Microbiota

Streptococcus y Staphylococcus spp.

Estos 2 géneros son predominantes en la  
microbiota de la leche humana,  

independientemente de la localización geográfica o  
de la técnica de recolección de leche, técnicas de  

análisis y pueden haber sido subestimados  
mediante métodos convencionales de PCR.

(January 1, 1964, to June 31, 2015).

Lactancia Materna

aIcMiCón

May 8, 2017

B.reastfed infants received 27.7% of their gut bacteria from breast milk and 10.4%  
from areolar skin during the first month of life

MIcroaGbcAitoNetAarNiClaeIAschPEeSOmaterna-MIcrobiota   Infantil
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Oligosacaridos

MICROBIOTA

Factores de crecimiento, citoquinas. etc

Complex interactions of cytokines and microbiota in breast milk

Other
Omega fatty acids measured gas chromatography(GC)

Fatty acids have been shown to be modified by time anddiet

OtrosProteinas y Peptidos

Multi-level approach : protein-peptide strategies followed by state-
of-the-art Mass Spectrometry-basedmethodologies

EvaIMluCación  de ActivCidomadpuPersotobsióBitoiGcaAcatNieAvNonCsIBAMaPiEccSrtOoebriioatsaLeche Materna

Collado  et al., submitted
Collado  et al., 2012

Collado  et al., 2015Mora & Collado  et al., submitted

Qué factores pueden  
modular la composición  

de la leche humana?

Cesareas

Collado et al.,2010 & 2012

Dieta

Antibioticos

MIcrobiota leche materna

Existen factores perinatales que afectan a la microbiota materna??
(Collado et al., 2009; Delgado & Collado et al., 2009; Cabrera & Collado et al., 2012; Collado et al., 2013)
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abrera-Rubio et al., 20
C 12 AJCN

IMCMATERNO

LOCALIZACION GEOGRAFICA EDADGESTACIONAL

MEDICACIÓN  
QUIMIOTERAPIA  

CELIAQUIA/CANCER PECHO
??

ANTIBIOTICOS

Kumar et al. 2017

Collado et al.  
Unpublished

Kumar et al. 2019

Cabrera-Rubio et al., 2015

Cabrera-Rubio et al., 2012

Cabrera-Rubio et al., 2012

Cabrera-Rubio et al., 2012

Cabrera-Rubio et al., 2015  
Khodayar-Pardo etal. 2012  

Alcantara-Baena et al. submitted

INFLUENCIA DE LOS FACTORES PERINATALES EN LA MICROBIOTA DE LA LECHE MATERNA

Collado et al.,2010 & 2012
Garcia-Mantrana et al. 2017
Gomez-Gallego et al. 2017

TIPO DEPARTO

Factores que influyen la composición leche materna

Guppa et al. Front Microbiol. 2017; 8: 1162.

Microbiota

Geography, Ethnicity or Subsistence-Specific Variations in Human Microbiome  
Composition and Diversity

• ↑ omega-6 PUFA, especially linoleic  
acid, in Chinese mothers

• Indications of mode of delivery  
differences only in Spain

Prospective study in 80  BM samples from  healthy mothers
(4 countries).

• ↑omega-6 PUFA in China
• Indications of mode of delivery  

differences only in South Africa

Fatty acid profile of phospholipids varied across the four countries
with significant differences in the levels of total PUFA, n-6 PUFA , n-3 PUFA , and SAFA .

Triacyglycerols Phospolipids

Kumar et al., 2016

Factores que influyen la composición leche materna
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aIcMiCón aGcAFtNaeAcrNtioCaIrAssPiEnSfOluencing                Milk Microbiome

Milk microbiome is associated to lipids profile in breast milk ?

Kumar et al., 2016

MUFA negatively associated with Proteobacteria and positively with Firmicutes

SAFA negatively associated with Firmicutes and positively with Proteobacteria

aIcMiCón aGcAFtNaeAcrNtioCaIrAssPiEnSfOluencing                Milk Microbiome

Milk microbiome is associated to poliamines profile in breast milk ?

Gomez-Gallego  et al., 2018

aIcMiCón aGcAFtNaeAcrNtioCaIrAssPiEnSfOluencing                Milk Microbiome

Milk microbiome is iassociated to lipids profile in breast milk ?

Relationships between bacterial composition and nutritional or cellular content of HM

Boix-Amoros et al., 2016

Fat and Staphylococcus
Bacterial load and Pseudomonas
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Maternal diet-geographical location

Maternal diet-geographical location

LA MAGIA DE LA LECHE HUMANA

Probioticos + Prebioticos
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• La Leche Humana es la mejor nutrición para los recién nacidos y
está demostrado que favorece el óptimo crecimiento y desarollo de
los lactantes

• La leche Humana es un fluido con una compleja composición que
va más alla de la nutricion y contiene componentes bioactivos
(HMO, bacterias, células inmunes, peptidos …) claves para la salud
del neonato

• Las bacterias y sus metabolitos, junto con los oligosacaridos,
juegan un papel clave en el desarollo de la microbiota intestinal y
en la maduración del sistema inmune infantil

Microbiota

Calle Catedrático Agustín Escardino, 7  

46980 Paterna  · Valencia · España
Tel +34 963 900022  · Fax  +34 963 636301
www.iata.csic.es

Gracias

mcolam@iata.csic.es



20

X Jornada de Actualización en Nutrición Infantil - Valencia, 22 de noviembre 2019



21

X Jornada de Actualización en Nutrición Infantil - Valencia, 22 de noviembre 2019

 
Crononutrición: 

El qué y el cuándo son importantes en Nutrición

Gonzalo Pin Arboledas
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gonzalo .p in@ quironsalud .es
@ Ped iaQu ironV lc

El tiempo es 
importante

 
 
 

 
 
 
 

                                     Dirección 
                        Dr. Isidro Vitoria Miñana 

Con la colaboración de la Sociedad 
Valenciana de Pediatría y la Asociación 

Valenciana de Atención Primaria 
 
 

22 noviembre 2019 Avda. de La Plata,34   - Valencia 

M.I. Colegio Oficial Médicos 
– Sala López Piñero 

X Jornada de Actualización en Nutrición Infantil 
Valencia 

Dirigido a Pediatras de Atención Primaria 

  Programa  
 

8:30 h Recogida de documentación  
 

9:00 h Ina ión de la Jornada 
Luis Carlos Blesa Baviera. Presidente Sociedad Valenciana de Pediatría 

 
AVANCES EN NUTRICION INFANTIL 

 

9:15 h La magia de la lactancia materna: Seguimos aprendiendo.... 
Mª Carmen Collado Amores 
Instituto de Agroquímica y Tecnología de Alimentos.Valencia.  
 

10:00 h Crononutrición: El qué y el cuándo  son importantes en Nutrición 
Gonzalo Pin Arboledas 
Unidad de Pediatría Integral. Hospital Quironsalud. Valencia. 
 

10:45 Descanso   

TEMAS POLEMICOS EN NUTRICION INFANTIL 

11:15 h  Baby led weaning y modelo tradicional con cuchara en la    
alimentación complementaria: ¿Tiene que haber un ganador? 

Luis Carlos Blesa Baviera 
Centro de Salud Serrería II.Valencia. 

12:00 h Los cereales para el lactante y los superalimentos. 
Isidro Vitoria Miñana 
Unidad de Nutrición y Metabolopatías. Hospital La Fe. Valencia. 

 

CONFERENCIA EXTRAORDINARIA 
12:45 h Recomendaciones en alimentación: ¿modas? 

Jaime Dalmau Serra 
Unidad de Nutrición y Metabolopatías. Hospital La Fe. Valencia 

 
13:30 Comida    

CONFERENCIA DE CLAUSURA 
15:15 h Lípidos en nutrición infantil.Aspectos prácticos. 

Angel Gil Hernández 
Departamento de Bioquímica y Biología Molecular II.  
Universidad de Granada. 

 
16:15 h RESUMEN Y CONCLUSIONES 

22-nov-2019

Nuestro objetivo hoy: “La Organización temporal de la ingesta”:

1. Mecanismo homeostásico. 

2. Mecanismo circadiano.

El reloj circadiano celular modula la respuesta de células intestinales según el momento del día.

Fig. 1 Melatonin, the principal circadian hormone. The human retina perceives environmental light and converts it into a neuronal signal that is
sent to the central clock, located in the suprachiasmatic nucleus (SCN) of the hypothalamus. The central clock relays the message to the pineal
gland to control melatonin production. In the pineal gland, tryptophan (TRP) is converted into serotonin (5-HT). At night, the enzyme arylalkyl
N-acetyltransferase (NAT) catalyzes one of the two chemical reactions necessary to transform serotonin into melatonin. During the day, the light
signal inhibits NAT synthesis and melatonin is not produced. This cyclic inhibition is responsible for the circadian variation in melatonin levels in
the bloodstream. Melatonin’s activity in the body is mediated by its binding to its receptors, MT1 and MT2, which are G protein-coupled
receptors that have been identified on the surface of cells of numerous organs.6

Fig. 2 Schematic circadian expression of clock genes. The expression of clock genes is a double regulation-loopmechanism that lasts �24 hours.
It begins with the expression and heterodimerization of the genes Clock and Bmal1, which activate the expression of the genes Per, Cry,
Rev-Erbα, and the clock-controlled genes related to metabolism. Rev-Erbα inhibits Bmal1 expression, and therefore prevents dimerization
with Clock. At the same time, Per and Cry accumulate, forming a complex and inhibiting the expression of Per, Cry, Rev-Erbα, and the CCGs.
Rev-Erbα levels drop, allowing Bmal1 expression. New Bmal1-Clock complexes are formed, and another subjective day begins.
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Introduction

The expression circadian rhythm comes from the Latin circā
(“about”) and diēs (“a day”). This expression is used to define
changes in biological processes that occur on a daily basis.
Endogenous circadian clocks regulate 24-hour rhythms of
behavior and physiology to align with external time.1 A vast
number of vital reactions display a circadian rhythm, such as
body temperature, blood pressure, and heart rate as well as
the expression of numerous hormones and inflammatory
factors.

In the first part of this review, we describe the mechan-
isms involved in the structure and regulation of circadian
rhythms: the role ofmelatonin, themain circadian hormone;
the clock genes; and the environmental signals that mod-
ulate circadian rhythms.

In the second part, the concept of chronodisruption, or the
impairment of circadian rhythms, is described. The causes
are introduced, as well as the evidence suggesting the
deleterious effects of this condition on nutrition and meta-
bolism, especially during childhood.

This review aims to highlight the importance of the life
habits that should be adapted to the organism’s circadian
rhythm to prevent metabolic disorders in children.

Circadian Rhythms: Structure and
Regulation

The importanceofcircadian rhythms is suggestedby theirhigh
level of conservation in evolution.1 Moreover, in humans,
numerous factors have been shown to display a circadian
expression or activity. Endogenous circadian clocks regulate

Keywords

► circadian rhythms
► nutrition
► children
► chronodisruption
► metabolic disorders

Abstract Circadian rhythms are the changes in biological processes that occur on a daily basis.
Among these processes are reactions involved in metabolic homeostasis. Circadian
rhythms are structured by the central clock in the suprachiasmatic nucleus of the
hypothalamus via the control of melatonin expression. Circadian rhythms are also
controlled by the peripheral clocks, which are intracellular mechanisms composed of
the clock genes, whose expression follows a circadian pattern. Circadian rhythms are
impacted by signals from the environment called zeitgebers, or time givers, which
include light exposure, feeding schedule and composition, sleeping schedule and
pattern, temperature, and physical exercise. When the signals from the environment
are synchronized with the internal clocks, metabolism is optimized. The term
chronodisruption is used to describe the opposite situation. The latest research has
demonstrated that life habits coherent with the internal clocks should be adopted,
especially during childhood, to prevent metabolic diseases. Nevertheless, a few studies
have investigated this link in children, and key information remains unknown.
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Introduction

The expression circadian rhythm comes from the Latin circā
(“about”) and diēs (“a day”). This expression is used to define
changes in biological processes that occur on a daily basis.
Endogenous circadian clocks regulate 24-hour rhythms of
behavior and physiology to align with external time.1 A vast
number of vital reactions display a circadian rhythm, such as
body temperature, blood pressure, and heart rate as well as
the expression of numerous hormones and inflammatory
factors.

In the first part of this review, we describe the mechan-
isms involved in the structure and regulation of circadian
rhythms: the role ofmelatonin, themain circadian hormone;
the clock genes; and the environmental signals that mod-
ulate circadian rhythms.

In the second part, the concept of chronodisruption, or the
impairment of circadian rhythms, is described. The causes
are introduced, as well as the evidence suggesting the
deleterious effects of this condition on nutrition and meta-
bolism, especially during childhood.

This review aims to highlight the importance of the life
habits that should be adapted to the organism’s circadian
rhythm to prevent metabolic disorders in children.

Circadian Rhythms: Structure and
Regulation

The importanceofcircadian rhythms is suggestedby theirhigh
level of conservation in evolution.1 Moreover, in humans,
numerous factors have been shown to display a circadian
expression or activity. Endogenous circadian clocks regulate
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Abstract Circadian rhythms are the changes in biological processes that occur on a daily basis.
Among these processes are reactions involved in metabolic homeostasis. Circadian
rhythms are structured by the central clock in the suprachiasmatic nucleus of the
hypothalamus via the control of melatonin expression. Circadian rhythms are also
controlled by the peripheral clocks, which are intracellular mechanisms composed of
the clock genes, whose expression follows a circadian pattern. Circadian rhythms are
impacted by signals from the environment called zeitgebers, or time givers, which
include light exposure, feeding schedule and composition, sleeping schedule and
pattern, temperature, and physical exercise. When the signals from the environment
are synchronized with the internal clocks, metabolism is optimized. The term
chronodisruption is used to describe the opposite situation. The latest research has
demonstrated that life habits coherent with the internal clocks should be adopted,
especially during childhood, to prevent metabolic diseases. Nevertheless, a few studies
have investigated this link in children, and key information remains unknown.
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Ritmos circadianos

separan o aumentan las sinergias de  procesos biológicos intracelulares o intercelulares 

FAVORECEN LA PREVENCIÓN Y EL TRATAMIENTO DE LAS ENFERMEDADES

CRONOTIPO  y CRONOTERAPIA
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The extensive roles of the circadian clock in regulating nutritional and energetic balance, 
from behavior to molecules. The master clock controls daily rhythms in activity–rest and 
associated feeding–fasting behaviors. Accordingly, metabolic functions oscillate between 
nutrient digestion and energy storage during satiety and between nutrient excretion and 
energy mobilization during hunger. This nutritional and energetic equilibrium engages 
multiple organs to ensure balanced digestion and excretion (for example, the salivary glands, 
pancreas, digestive tract, microbiome, liver) and balanced energy storage and utilization (for 
example, the liver, muscle, adipose tissue). The secretion of digestive enzymes and 
hormones, as well as gut peristalsis also vary during the day. At the molecular level, 
metabolic rhythms are associated with daily oscillations in the activity of gene networks, 
protein expression, posttranslational modifications, the level of metabolites, and redox state. 
The master clock and peripheral clocks play critical roles in the daily temporal coordination 
of these processes.
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and the habits modulate the signals received by the body and
induce metabolic adaptations (►Fig. 3). When those signals
are coherent and synchronized with the internal clocks, the
metabolism is optimized. In the opposite situation, a relevant
alteration of physiological and behavioral circadian rhythms,
in which a change in normal melatonin secretion occurs, is
defined as a “chronodisruption” or “impairment of circadian
rhythms.” In this case, the different metabolic processes lack
coordination, and, if this lasts for a long time or occurs
frequently, damages can be induced. This impairment is
critical during childhood, because the period of growth and
developmentmaybe affected. Furthermore, it has been shown
that chronodisruption favors the development of an obeso-
genic environment.

Chronodisruption: Causes and
Consequences

Asdescribed in►Fig. 3, the organismperceives environmental
signals that arrive at the central clock. These signals are then
sent vianeuronal connectionsorcirculatinghumoral factors to
peripheral clocks located in several organs to prevent the

dampeningof circadian rhythms in these tissues. The circadian
clock is intimately connected to the metabolism.20–22 From a
molecular point of view, it has been shown that the clock
machinery controls the expression of essential genes within
numerous metabolic pathways.

Chronodisruption can be caused by a lack of coordination
between the different elements mentioned, and several
studies (experimental and clinic) have underlined the health
consequences of chronodisruption. Studies in mice indicate
that changes in feeding schedule carry clear metabolic
implications. Mice housed in constant bright or dim light
consumed more food during the subjective light phase and
exhibited significantly increased body mass and reduced
glucose tolerance.23 The metabolic effects of feeding sche-
dule are highlighted by a decrease in hepatic triglyceride
content with restricted nighttime feeding with regular chow
without modification of total daily caloric consumption.24

Sleeping time and duration not only affect the amount of
light that the organism will perceive but also impact the
energy expenditure, meal schedule and, therefore, metabolic
homeostasis. Different studies have aimed to characterize the
recommended sleeping habits, especially during childhood.

Fig. 3 Influence of zeitgebers on circadian metabolism. Upper part of the figure: the inputs, zeitgebers, and external parameters influenced by
life habits that participate in circadian modulation of metabolism. Light influences the central clock and melatonin production. Feeding
composition and schedule; sleep schedule, duration, and quality; exercise and environmental temperature influence the variations in caloric
intake and energy expenditure of the organism. This will induce metabolic changes and adaptations in the involved organs. Two situations exist:
The inputs received by the organism are coherent; therefore, the central clock and the peripheral clocks are synchronized. The catabolic and
anabolic reactions are adapted to the individual’s lifestyle and activities. The metabolism is optimized. Incoherent messages are perceived by the
different organs leading to desynchronization of the different clocks. The organism fails to adapt to contradictory signals. This condition of
disrupted circadian rhythms is called chronodisruption. Metabolic homeostasis is consecutively impaired, leading to disorders such as diabetes,
obesity, and cardiovascular diseases.
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the expression of numerous hormones and inflammatory
factors.

In the first part of this review, we describe the mechan-
isms involved in the structure and regulation of circadian
rhythms: the role ofmelatonin, themain circadian hormone;
the clock genes; and the environmental signals that mod-
ulate circadian rhythms.

In the second part, the concept of chronodisruption, or the
impairment of circadian rhythms, is described. The causes
are introduced, as well as the evidence suggesting the
deleterious effects of this condition on nutrition and meta-
bolism, especially during childhood.

This review aims to highlight the importance of the life
habits that should be adapted to the organism’s circadian
rhythm to prevent metabolic disorders in children.

Circadian Rhythms: Structure and
Regulation

The importanceofcircadian rhythms is suggestedby theirhigh
level of conservation in evolution.1 Moreover, in humans,
numerous factors have been shown to display a circadian
expression or activity. Endogenous circadian clocks regulate

Keywords

► circadian rhythms
► nutrition
► children
► chronodisruption
► metabolic disorders

Abstract Circadian rhythms are the changes in biological processes that occur on a daily basis.
Among these processes are reactions involved in metabolic homeostasis. Circadian
rhythms are structured by the central clock in the suprachiasmatic nucleus of the
hypothalamus via the control of melatonin expression. Circadian rhythms are also
controlled by the peripheral clocks, which are intracellular mechanisms composed of
the clock genes, whose expression follows a circadian pattern. Circadian rhythms are
impacted by signals from the environment called zeitgebers, or time givers, which
include light exposure, feeding schedule and composition, sleeping schedule and
pattern, temperature, and physical exercise. When the signals from the environment
are synchronized with the internal clocks, metabolism is optimized. The term
chronodisruption is used to describe the opposite situation. The latest research has
demonstrated that life habits coherent with the internal clocks should be adopted,
especially during childhood, to prevent metabolic diseases. Nevertheless, a few studies
have investigated this link in children, and key information remains unknown.
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In humans, timed meals can phase-shift peripheral rhythms without affecting phase markers in the SCN.
Many clocks ouside the master clock can be phase-adjusted by feeding time. 
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Mistimed food intake and sleep alters 24-hour time-of day patterns of the human plasma proteome. www.pnas.org/cgi/doi/10.1073/pnas.1714813115
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(Chronobiol Int.2015;32(7):903-916)

SINCRONIZACIÓN ALIMENTACIÓN- RELOJES SECUNDARIOS: MEDIADA POR HORMONAS PANCREATICAS Y GLUCOCORTICOIDES

Curr Biol. 2017 Jun 19; 27(12): 1768–1775.e3.
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Curr Biol. 2017 Jun 19; 27(12): 1768–1775.e3.

Breastfeeding may improve nocturnal sleep and reduce infantile colic: Potential role of breast milk melatonin. Eur J Pediatr (2012) 171:729–732

Short-term fasting inhibits the nocturnal melatonin secretion.
C lin  En d o crin o l,1 9 8 9 ;3 0 (4 ):4 5 1 -7

“our endogenous circadian clocks may reflect 
what we eat and when eat it”.

Sánchez C et al. Nutritional Neuroscience 2009 ;12.

“The possible role of human milk nucleotides as sleep inducers”
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HORARIOS DE INGESTA RESTRICTIVOS Y REGULARES
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also engaged in less physical activity and spend longer hours sitting per day, and show later timings
for eating, exercising, and sleeping.

One extreme example of eating during the biological night are shift workers. Shift workers have
an increased risk of obesity [55] and may experience hyperphagia and a high desire for energy-dense
foods [56,57]. We have demonstrated that there is an endogenous circadian rhythm in hunger and
that, consistent with this circadian variation, active ghrelin levels are higher during the biological
evening than during the biological morning. Furthermore, we have demonstrated that the circadian
misalignment itself (12-h behavioral cycle inversion) as characterizes night shift workers, increases
postprandial active ghrelin levels and appetite for energy-dense foods [58].

Figure 2. Relative timing of physiologic events in two representative subjects. (A) A representative
participant with large phase angle (time di↵erence) between caloric midpoint (average time at which
50% of daily calories were consumed) and Dim Light Melatonin Onset (DLMO) timing (early circadian
food timing). (B) a representative participant with small phase angle between caloric midpoint and
DLMO (late circadian food timing). The dotted line is the timing of the DLMO, the yellow shaded area
denotes the phase angle, and the black shaded area denotes habitual sleep timing for that participant
relative to DLMO. Adapted from Mc Hill et al., 2017 [53].
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also observed food timing and genetic interactions of SNPs in obesity that may predict weight loss and
weight loss trajectory. Together, these observations suggest that eating at the wrong time may negatively
influence the success of obesity treatments and several mechanisms may be involved in the obesogenic
effect of eating late.

In this review, we discuss the timing of the three main meals of the day, breakfast, lunch and dinner,
and the impact that eating during the biological night can have on metabolism, glucose tolerance,
and obesity-related factors.

2. Lunch Timing A↵ects Weight Loss E↵ectiveness

One of the first studies that have highlighted the potential impact of food timing on metabolism
has been conducted by the group of Turek in 2009 [16]. In that study, those mice that were fed with
a high-fat diet during the “right” feeding time (during the dark period in rodents) gained less weight
than those fed with a similar high fat diet but during the “wrong” period (light period in rodents,
when feeding is normally reduced). This study inspired our group together with Dr. Scheer to develop
a similar observational study in humans, in order to determine whether food timing influences body
weight during a dietary treatment to obesity [15].

For this purpose, 420 obese subjects who attended di↵erent nutritional clinics in Spain to lose
weight were classified regarding the timing of the main meal of the day (lunch in Spain). Results
showed that late lunch eaters (after 3 p.m.) lost less weight during the treatment than early lunch eaters
(before 3 p.m.), in spite of having similar age, appetite hormones, energy intake and expenditure, sleep
duration or macronutrients distribution (Figure 1) [15]. It was remarkable that late eaters were more
evening type, i.e., evening types stay up late at night, rise at a later time in the morning, and perform
best mentally and physically in the late afternoon or evening [17] and carried the risk variant at CLOCK
rs4580704 more frequently [15]. This study encouraged us to delve into the importance of meal timing
on metabolism, obesity and weight loss, and opened a new door for further studies in this field that
has been named “Chrononutrition” (Table 1).
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also observed food timing and genetic interactions of SNPs in obesity that may predict weight loss and
weight loss trajectory. Together, these observations suggest that eating at the wrong time may negatively
influence the success of obesity treatments and several mechanisms may be involved in the obesogenic
effect of eating late.

In this review, we discuss the timing of the three main meals of the day, breakfast, lunch and dinner,
and the impact that eating during the biological night can have on metabolism, glucose tolerance,
and obesity-related factors.

2. Lunch Timing A↵ects Weight Loss E↵ectiveness

One of the first studies that have highlighted the potential impact of food timing on metabolism
has been conducted by the group of Turek in 2009 [16]. In that study, those mice that were fed with
a high-fat diet during the “right” feeding time (during the dark period in rodents) gained less weight
than those fed with a similar high fat diet but during the “wrong” period (light period in rodents,
when feeding is normally reduced). This study inspired our group together with Dr. Scheer to develop
a similar observational study in humans, in order to determine whether food timing influences body
weight during a dietary treatment to obesity [15].

For this purpose, 420 obese subjects who attended di↵erent nutritional clinics in Spain to lose
weight were classified regarding the timing of the main meal of the day (lunch in Spain). Results
showed that late lunch eaters (after 3 p.m.) lost less weight during the treatment than early lunch eaters
(before 3 p.m.), in spite of having similar age, appetite hormones, energy intake and expenditure, sleep
duration or macronutrients distribution (Figure 1) [15]. It was remarkable that late eaters were more
evening type, i.e., evening types stay up late at night, rise at a later time in the morning, and perform
best mentally and physically in the late afternoon or evening [17] and carried the risk variant at CLOCK
rs4580704 more frequently [15]. This study encouraged us to delve into the importance of meal timing
on metabolism, obesity and weight loss, and opened a new door for further studies in this field that
has been named “Chrononutrition” (Table 1).

Nutrients 2019, 11, x FOR PEER REVIEW 2 of 15 

 

single-nucleotide polymorphisms (SNPs) are associated with weight loss effectiveness [12,13], 
adherence [14], and food timing [15]. We have also observed food timing and genetic interactions of 
SNPs in obesity that may predict weight loss and weight loss trajectory. Together, these observations 
suggest that eating at the wrong time may negatively influence the success of obesity treatments and 
several mechanisms may be involved in the obesogenic effect of eating late. 

In this review, we discuss the timing of the three main meals of the day, breakfast, lunch and 
dinner, and the impact that eating during the biological night can have on metabolism, glucose 
tolerance, and obesity-related factors. 

2. Lunch Timing Affects Weight Loss Effectiveness 

One of the first studies that have highlighted the potential impact of food timing on metabolism 
has been conducted by the group of Turek in 2009 [16]. In that study, those mice that were fed with 
a high-fat diet during the “right” feeding time (during the dark period in rodents) gained less weight 
than those fed with a similar high fat diet but during the “wrong” period (light period in rodents, 
when feeding is normally reduced). This study inspired our group together with Dr. Scheer to 
develop a similar observational study in humans, in order to determine whether food timing 
influences body weight during a dietary treatment to obesity [15]. 

For this purpose, 420 obese subjects who attended different nutritional clinics in Spain to lose 
weight were classified regarding the timing of the main meal of the day (lunch in Spain). Results 
showed that late lunch eaters (after 3 p.m.) lost less weight during the treatment than early lunch 
eaters (before 3 p.m.), in spite of having similar age, appetite hormones, energy intake and 
expenditure, sleep duration or macronutrients distribution (Figure 1) [15]. It was remarkable that late 
eaters were more evening type, i.e., evening types stay up late at night, rise at a later time in the 
morning, and perform best mentally and physically in the late afternoon or evening [17] and carried 
the risk variant at CLOCK rs4580704 more frequently [15]. This study encouraged us to delve into the 
importance of meal timing on metabolism, obesity and weight loss, and opened a new door for 
further studies in this field that has been named “Chrononutrition” (Table 1). 

 
Figure 1. The weight loss evolution of late and early lunch eaters during the 20 weeks of treatment. 
Adapted from Garaulet et al., 2013 [15]. 

Figure 1. The weight loss evolution of late and early lunch eaters during the 20 weeks of treatment.
Adapted from Garaulet et al., 2013 [15].

Nutrients 2019, 11, 2624 2 of 15

also observed food timing and genetic interactions of SNPs in obesity that may predict weight loss and
weight loss trajectory. Together, these observations suggest that eating at the wrong time may negatively
influence the success of obesity treatments and several mechanisms may be involved in the obesogenic
effect of eating late.

In this review, we discuss the timing of the three main meals of the day, breakfast, lunch and dinner,
and the impact that eating during the biological night can have on metabolism, glucose tolerance,
and obesity-related factors.

2. Lunch Timing A↵ects Weight Loss E↵ectiveness

One of the first studies that have highlighted the potential impact of food timing on metabolism
has been conducted by the group of Turek in 2009 [16]. In that study, those mice that were fed with
a high-fat diet during the “right” feeding time (during the dark period in rodents) gained less weight
than those fed with a similar high fat diet but during the “wrong” period (light period in rodents,
when feeding is normally reduced). This study inspired our group together with Dr. Scheer to develop
a similar observational study in humans, in order to determine whether food timing influences body
weight during a dietary treatment to obesity [15].

For this purpose, 420 obese subjects who attended di↵erent nutritional clinics in Spain to lose
weight were classified regarding the timing of the main meal of the day (lunch in Spain). Results
showed that late lunch eaters (after 3 p.m.) lost less weight during the treatment than early lunch eaters
(before 3 p.m.), in spite of having similar age, appetite hormones, energy intake and expenditure, sleep
duration or macronutrients distribution (Figure 1) [15]. It was remarkable that late eaters were more
evening type, i.e., evening types stay up late at night, rise at a later time in the morning, and perform
best mentally and physically in the late afternoon or evening [17] and carried the risk variant at CLOCK
rs4580704 more frequently [15]. This study encouraged us to delve into the importance of meal timing
on metabolism, obesity and weight loss, and opened a new door for further studies in this field that
has been named “Chrononutrition” (Table 1).
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Annu Rev Nutr. 2019 August 21; 39: 291–315. doi:10.1146/annurev-nutr-082018-124320. Figure 3. 
Pervasive benefits of time-restricted feeding. Chronic circadian rhythm disruption is a risk 
factor for metabolic diseases. Studies in animal models (flies, mice, rats) and emerging 
studies in humans show that time-restricted feeding protects metabolic tissues from 
metabolic disturbances. Time-restricted feeding may also benefit brain health and could 
delay the development of neurodegenerative diseases. Abbreviations: ETC, electron 
transport chain; ROS, reactive oxygen species; UCP, uncoupling protein.
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necessary to reveal the deleterious effects of circadian disruption. It

will be of interest to determine if other conditions that impact the

microbiota community such as obesity, metabolic syndrome,

inflammatory bowel disease, and stress [3,4] have a greater effect

on the microbiota environment under conditions where the

circadian organization is simultaneously disrupted.

Inflammation appears to be the central mechanism of the

deleterious health consequences of circadian disorganization, as

exemplified by increased risk and severity of obesity, metabolic

syndrome, cardiovascular disease, and cancer [33–35]. Since the

intestinal microbiota is a trigger for systemic inflammation, we

hypothesize that circadian-induced changes in microbiota com-

position play a role in mediating the deleterious health effects of

circadian disorganization. There is significant interplay between

the intestinal microbiota and intestinal epithelial cells [36] and this

may be driving the intestinal hyperpermeability that we have

observed [6] to promote intestinal and systemic inflammation.

Although several circadian-induced effects on the microbiota were

noted, the most dramatic effect was to augment the relative

average abundance of the pro-inflammatory bacteria Ruminococcus

Figure 6. Mouse gut microbial community structure at the family level. The bar graph graphically represents the average relative
abundance of classified bacteria SSU rRNA gene amplicons belonging to the most abundant taxon at the family level.
doi:10.1371/journal.pone.0097500.g006

Circadian Effects on Microbiota

PLOS ONE | www.plosone.org 9 May 2014 | Volume 9 | Issue 5 | e97500
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known to occur during both pathological conditions [3,8,9], we

used this phase-shift model to determine if circadian rhythm

disruption impacted intestinal microbiota composition.

Methods

Ethics Statement
All mice were housed and handled in accordance with federal

animal welfare guidelines and in compliance with the Public

Health Service Policy on Humane Care and Use of Laboratory

Animals (2002) and the Guide for the Use and Care of Laboratory

Animals (8th Edition). All experiments were reviewed and

approved prior to being conducted by the Institutional Animal

Care and Use Committee at Rush University Medical Center

(Animal Study Protocol #10-083).

Mice and Housing
Studies were conducted at Rush University Medical Center in

accordance with Federal animal welfare guidelines and in

compliance with the Public Health Service Policy on Humane

Care and Use of Laboratory Animals and the Guide for the Use

and Care of Laboratory Animals. All experimental protocols were

reviewed and approved by the Institutional Animal Care and Use

Committee of Rush University Medical Center. Thirty-three

young adult (6–8 week), male wild-type C57BL/6J mice obtained

from Jackson Laboratory (Bar Harbor, ME) were housed

individually in cages stored within ventilated, light-tight cabinets.

Mice were acclimated to the facility for one week prior to initiating

the experiment. Locomotor activity, food intake, and body weight

were measured throughout the experiment.

Circadian Manipulation
The circadian manipulation protocol was conducted as

described in our previous publication [6]. The phase shift in the

light:dark cycle every week (Figure 1A) is intended to disrupt the

normal synchrony of the circadian clock system to the entraining

light:dark cycle in the same way that flying rapidly across time

zones (for mice in this study, 12 time zones) leads to jet lag in

humans. In brief, following the acclimation period, the mice were

randomized into one of two groups: (1) the non-shifted group,

maintained on a constant light:dark cycle or (2) the shifted group,

underwent weekly reversals of the light:dark cycle. These circadian

protocols were maintained for the duration of the experiment (i.e.,

22 weeks). Twelve weeks of circadian rhythm disruption is

sufficient to promote intestinal hyperpermeability [6] and exacer-

bate dextran sodium sulfate (DSS)-induced effects in a mouse

model of ulcerative colits [10] and 22 weeks of circadian rhythm

disruption is sufficient to markedly increase alcohol-induced

intestinal hyperpermeability [6]; thus, the 22 week study period

parallels studies we have already established negatively impact

health. Locomotor activity records of a representative non-shifted

(Figure 1B) and shifted (Figure 1C) mouse indicate the stable

entrainment (non-shifted) or the repeated re-entrainment/distur-

bance (shifted) of the circadian locomotor behavioral rhythm. In

this example (Figure 1C), it took an average of six days for the

mouse to re-entrain to the weekly 12-hour phase shift, that is, it

was phase delaying about two hours each day. This phenomenon

can give the appearance that the mouse was free running with a

period of approximately 26 hours. The free running period of

C57BL/6J mice is approximately 23.7 hours; we have never

observed a period greater than 24.3 hours in C57BL/6J mice

unless the mouse is carrying a genetic mutation in a core clock

gene. Figure 1D depicts altered RNA expression of the circadian

gene Per2 in the proximal colon following 22 weeks of 12 hour

light:dark inversions supporting that our chronic shifting paradigm

disrupted circadian rhythmicity not only behaviorally but also

circadian gene expression in the intestine.

In our study, individual mice took from four to seven days to re-

entrain to the light:dark cycle. At the time when tissue samples

were collected (seven days after the last phase shift) the phase

angles between activity onset and lights off were significantly

clustered (p,0.0001, Rayleigh test) with a mean of 1.3160.53 h,

indicative of their re-entrainment (Figure 1E). While the distribu-

tions of phases were different between non-shifted and shifted mice

at the times of stool collection (Figure 1E), these distributions were

attributable to differences in variance (or concentration parameter)

rather than mean phase [11]. Although no significant differences

in mean phase angle were detected, we still examined the potential

impact of entrainment on microbiota composition (described in

Results).

Feeding Protocol
The feeding protocol was conducted as described in our

previous publication [6]. Briefly, all mice were maintained on

standard rodent chow (Harlan Teklad Global 18% Protein Rodent

Diet; 18.6% protein, 44.2% carbohydrate, 6.2% fat, 3.5% crude

fiber) for the first 12 weeks of the study. After this time, mice were

switched to a high-fat, high-sugar diet (36% protein, 29%

carbohydrate (dextrose), and 35% fat) that contained: mineral

mix, vitamin mix, choline bitartrate, DL-methionine, lactalalbu-

min, xanthan gum, dextrose (Dyets, Bethlehem, PA), fish oil from

menhaden (Sigma, St. Louis, MO), and Hersey’s chocolate syrup.

Fish oil was selected as the source of fat based on data

demonstrating that unsaturated fat (i.e., fish oil) promotes the

development of endotoxemia and alcoholic steatohepatitis by

increasing cytochrome P450 2E1 induction and lipid peroxidation

[12,13]. The diet was prepared fresh daily and supplied to mice in

specialized graduated sipper tubes (Bio-Serv, Frenchtown, NJ), for

daily monitoring of food intake.

Tissue Collection & RNA analysis
The tissue collection protocol was conducted as described in our

previous publication [6]. Briefly, at the end of the experiment,

mice were euthanized by conscious decapitation. Proximal colon

was harvested and placed into RNALater (Qiagen, Valencia, CA)

and frozen. Tissues were stored at 280uC until use. Tissues were

collected every four hours across the diurnal cycle, starting at ZT0

(i.e., ZT0, ZT4, ZT8, ZT12, ZT16, and ZT20). Clock mRNA was

measured in proximal colon samples prepared as tissue homog-

enates using Affymetrix lysis buffer and processed according to

manufacturer’s instructions. mRNA levels were determined using

a Luminex platform-based custom multiplex bead array (Affyme-

trix, Inc., Santa Clara, CA). Expression was normalized to the

housekeeping gene RPLPO. Data are expressed as mean

fluorescent intensity (MFI).

Stool Collection. Spontaneously voided stool pellets were

collected at two times: (1) after 12 weeks on the standard chow diet

(Week 12) and (2) after 10 weeks on the high-fat, high-sugar diet

(Figure 1A). These time points were selected as they corresponded

to times when intestinal permeability was measured, a phenom-

enon that may be directly or indirectly influenced by intestinal

microbiota composition [6]. Mice were placed into a metabolic

cage for five hours beginning at lights on (ZT0-ZT5, with

ZT0= lights on) and stool produced during this five hour period

was collected and stored at 280uC.
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Introduction

High throughput DNA/RNA-based technology has led to a

revolution in our understanding of the complexity and diversity of

the microbiota communities that inhabit many parts of the human

body, including those in the intestine. It is now recognized that the

number of microbial cells in the gastrointestinal tract outnumber

the total human cells in the body, with an estimated 1014 cells,

most of them being bacteria [1,2]. Microbiota community

composition and diversity are highly malleable and sensitive to

changes in the host including environmental factors such as diet,

and disruption of normal bacterial communities in the intestine

(i.e., dysbiosis) has been linked to several chronic inflammatory

diseases and pathological conditions [3,4]. It has been known for

over 40 years that the suprachiasmatic nucleus (SCN) in the

mammalian hypothalamus contains the central circadian clock

that regulates a myriad of cellular, physiological, and behavioral

24-hr rhythms. The discovery of circadian clock genes in

mammals has led to a revolution in our understanding of how

most, if not all, cells in the body contain the molecular machinery

necessary to generate circadian rhythms. In fact, the genes and

proteins comprising the core molecular clock regulate the timing

of the expression of about 10% of all transcripts produced in any

given tissue or organ [5]. Recently, a variety of human diseases,

typically those associated with chronic inflammation (e.g., obesity,

inflammatory bowel disease (IBD), cancer, and neurological

disorders), have been found to occur in conjunction with either

disruption of normal microbiota communities or circadian

organization. It is not known if a common mechanism mediates

the effects of disrupted microbiota or circadian rhythms, nor how

disrupting intestinal microbiota or the circadian rhythms of the

host might impact the other.

The current study stemmed from our previous publication

demonstrating that 12 weeks of circadian rhythm disruption

promoted intestinal hyperpermeability, an effect that was exacer-

bated when mice were fed a high-fat, high-sugar diet for 10 weeks.

This effect seems to be, at least in part, due to effects on the tight

junction protein occludin [6]. In an effort to better understand the

mechanism by which circadian rhythm disruption may influence

intestinal permeability, stool collected from mice in the previous

study was analyzed. As a first step to elucidate how the intestinal

microbiota and circadian systems might interact, we examined the

impact of chronic circadian rhythm disruption on the intestinal

microbiota composition of mice fed a standard laboratory chow

diet or a high-fat, high-sugar diet. Since we have previously

demonstrated that repeated phase shifts in the light:dark cycle can

disrupt intestinal barrier function [6] and render the colon more

susceptible to injury in an experimentally induced model of

ulcerative colitis [7], and because changes in microbiota are
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High throughput DNA/RNA-based technology has led to a

revolution in our understanding of the complexity and diversity of

the microbiota communities that inhabit many parts of the human

body, including those in the intestine. It is now recognized that the

number of microbial cells in the gastrointestinal tract outnumber

the total human cells in the body, with an estimated 1014 cells,

most of them being bacteria [1,2]. Microbiota community

composition and diversity are highly malleable and sensitive to

changes in the host including environmental factors such as diet,

and disruption of normal bacterial communities in the intestine

(i.e., dysbiosis) has been linked to several chronic inflammatory

diseases and pathological conditions [3,4]. It has been known for

over 40 years that the suprachiasmatic nucleus (SCN) in the

mammalian hypothalamus contains the central circadian clock

that regulates a myriad of cellular, physiological, and behavioral

24-hr rhythms. The discovery of circadian clock genes in

mammals has led to a revolution in our understanding of how

most, if not all, cells in the body contain the molecular machinery

necessary to generate circadian rhythms. In fact, the genes and

proteins comprising the core molecular clock regulate the timing

of the expression of about 10% of all transcripts produced in any

given tissue or organ [5]. Recently, a variety of human diseases,

typically those associated with chronic inflammation (e.g., obesity,

inflammatory bowel disease (IBD), cancer, and neurological

disorders), have been found to occur in conjunction with either

disruption of normal microbiota communities or circadian

organization. It is not known if a common mechanism mediates

the effects of disrupted microbiota or circadian rhythms, nor how

disrupting intestinal microbiota or the circadian rhythms of the

host might impact the other.

The current study stemmed from our previous publication

demonstrating that 12 weeks of circadian rhythm disruption

promoted intestinal hyperpermeability, an effect that was exacer-

bated when mice were fed a high-fat, high-sugar diet for 10 weeks.

This effect seems to be, at least in part, due to effects on the tight

junction protein occludin [6]. In an effort to better understand the

mechanism by which circadian rhythm disruption may influence

intestinal permeability, stool collected from mice in the previous

study was analyzed. As a first step to elucidate how the intestinal

microbiota and circadian systems might interact, we examined the

impact of chronic circadian rhythm disruption on the intestinal

microbiota composition of mice fed a standard laboratory chow

diet or a high-fat, high-sugar diet. Since we have previously

demonstrated that repeated phase shifts in the light:dark cycle can

disrupt intestinal barrier function [6] and render the colon more

susceptible to injury in an experimentally induced model of

ulcerative colitis [7], and because changes in microbiota are
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MODELO BIOLÓGICO DE INTERACCIÓN CEREBRO-INTESTINO

Martin CR, Osadchiy V, Kalani A, Mayer EA, The Brain-Gut-Microbiome Axis, Cellular and Molecular Gastroenterology and Hepatology (2018), 
doi: 10.1016/j.jcmgh.2018.04.003.
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La calidad de la alimentación condiciona el sueño

GRASA Y TIEMPO TOTAL DE SUEÑO A LOS 3 AÑOS DE VIDA

Grasa insaturada             grasa saturada =    7 m de TTS / 5%

Proteína animal        proteína vegetal=  7 m TTS / 5% de  energía

Aumento tiempo vigilia.
Ritmos nutricionales tardíos/irregulares.
Distres psicológico.

Disminución Leptina?
Aumento Grelina?
Aumento Orexina?

Excesiva Somnolencia Diurna.
Aumento de la fatiga.
Disminución efecto térmico alimentos.

Desincronización ritmos circadianos.

Alteración permeabilidad intestinal.

Mayor oportunidad ingesta.
Más  recompensa al comer
Preferencia dieta dulce.
Disminución saciedad.
Aumento del apetito.

Menor actividad f. vigorosa
Menor gasto energético.

Mayor ingesta verpertina 
Cambios en microbiota.
Alt. metabolismo lipídico
Alt. sensibilidad insulina.
Alt. secreción cortisol.
Aumento vía kynurinina.
Aumento citokinas infl.

CAMBIOS FISIOPATOLÓGICOS CONSECUENCIAS

CRONODISRUPCIÓN – DÉFICIT DE SUEÑO Y SOBREPESO - OBESIDAD

 
A pesar de el reloj biológico no se resetea por el horario nutricional en condiciones de ciclo luz-oscuridad, la comunicación entre las 
oscilaciones circadianas y las oscilaciones metabólicas  ocurren en  

NSQ: Reloj biológico

Relojes biológicos cerebrales
secundarios:

Relojes periféricos 
secundarios

Luz/Oscuridad

Ciclo Luz/Oscuridad
Ritmos hormonales

Ciclo Ingesta-Ayuno

Anticipación apetito

Ritmicidad del metabolismo de 
glucosa y lípidos

Relojes circadianos Salidas conductuales y metabólicas

Metabolismo
Hormonas
Nutrientes

Reloj
Nutricional

RESUMIENDO

gonzalo .p in@ quironsalud .es
@ Ped iaQu ironV lc
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Almuerzo
Actividad física

(en el exterior)
Ir al colegio

activo
 

 
DesactivaciónTecnología 1-2 h

Gonzalo Pin
@PediaQuironVlc

Actividad escolar

08:30-09:00                                            16:30                  18:3013:00-14:0019:30               20:30.          21:00             21:30     - 07:15

Dormir

DesayunoCena Merienda

TARDE- NOCHE VIGILIA ACTIVA

EL DIA CIRCADIANO IDEAL DEL ESCOLAR  (el día comienza en la noche)

¡¡ GRACIAS!!

@PediaQuironVlc

“En ciencias de la salud  cuando se toma la muestra es una variable importante”.
K. Parasram-P.Karpowicz.2019
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 Baby led weaning y modelo tradicional con cuchara en la 

alimentación complementaria: ¿Tiene que haber un ganador? 

Luis Carlos Blesa Baviera
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Baby-led weaning y modelo  
tradicional con cuchara en la  
alimentación complementaria:
¿tiene que haber un ganador?
Dr. Luis Carlos Blesa Baviera  

Pediatra CS Valencia Serrería 2  

Vocal del CN de la AEP y del GT

Gastroenterología y Nutrición de la AEPap

X Jornada de Actualización en Nutrición Infantil
Valencia, 22-Nov-2019

Alimentación complementaria (AC)

Proceso por el cual se ofrece al lactante alimentos  
sólidos, semisólidos o líquidos distintos de la leche  

materna o una fórmula infantil.
Se deben ofrecer como complemento,  

y no como sustitución, de estas.

En los últimos años las recomendaciones han cambiado, siendo notablemente  
diferentes de los consejos recibidos por la generación anterior.

CLM y CN de la AEP. Recomendaciones AEP sobre la alimentación complementaria. Noviembre-2018  
https://www.aeped.es/comite-nutricion/documentos/recomendaciones-aep-sobre-alimentacion-complementaria

¿Por qué hacen falta otros alimentos?

Hasta los 6 meses la LM garantiza un
crecimiento óptimo

A partir de los 6 meses se necesita:

• Más energía
• Más micronutrientes: hierro, zinc, vitaminas…

Mucha variación interindividual
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Riesgos de la introducción a destiempo

Introducción precoz:  

Mayor riesgo de  

aspiración, ingesta  

inadecuada de energía,  

infección, obesidad y  

otras enfermedades

Introducción tardía:  

Carencias nutricionales,  

aumento riesgo  

alergias, peor  

aceptación de nuevas  

texturas y alteración de  

habilidades motoras  

orales. Afectación del  

crecimiento y del  

neurodesarrollo en  

prematuros

Comités de Lactancia materna y Nutrición de la AEP. Recomendaciones de la AEP sobre la Alimentación Comlementaria. 2018

Gupta S et al. Complementary feeding at 4 versus 6 months of age for preterm infants born at less than 34 weeks of gestation. Lancet Glob Health. 2017;5:e501-e511.

Quigley MA et al. Exclusive breastfeeding duration and infant infection. Eur J Clin Nutr. 2016;70:1420-7.

¿Cuándo lo recomiendan las agencias de salud?

No antes de los 4 meses

A partir de los 6 m

A partir de los 6 m

No antes de las 17 semanas,
ni después de las 26 semanas

A partir de los 4 meses

¿Cuándo empezar? (I)
Cuando el lactante ha alcanzado:

• Madurez fisiológica:
• Digestión
• Capacidad absortiva
• Función de barrera de la mucosa intestinal
• Función renal

• Madurez motriz
• Puede comer de una cuchara
• Pérdida del reflejo de extrusión
• Se mantiene sentado
• Manifiesta interés por la comida
• Coge objetos con las manos y se los lleva a la boca.

¡¡ No basta con el criterio de edad !!
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¿Cuándo empezar? (II)

La mayoría de los
bebés han  

alcanzado estas  
capacidades sobre  

los 6 meses

Algunos niños  
pueden madurar  
más lentamente

Otros pueden tener  
aumentadas sus  

necesidades

• Prematuros
• Retraso madurativo
• Algunas enfermedades

¡¡¡INDIVIDUALIZAR!!!

Últimas recomendaciones AC:
ESPGHAN 2017 Position paper
Aptitud de funciones  

gastrointestinales y renales a partir  
del 4º mes, y de desarrollo motor  

durante el 4º-6º mes

Lactancia materna exclusiva hasta
el 6º mes válida en madres sanas  

de niño sanos a término. No
existencia evidencia si es aplicable

a todas las madres y lactantes:
¿deficiencias en energía y hierro?

No beneficios en retrasar  
introducción de alimentos  

alergénicos más allá del 4º mes  
(lactantes con y sin riesgo alérgico)

Entre el 4º y 6º mes no influencia
en crecimiento ni adiposidad

Tiempo de  
inicio: 17-26  

semanas

Fewtrell M, Bronsky J, Campoy C, et al. Complementary feeding: a position paper by the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2017;64:119-32.

Periodos clave a recordar

CLM y CN de la AEP. Recomendaciones AEP sobre la alimentación complementaria. Noviembre-2018
https://www.aeped.es/comite-nutricion/documentos/recomendaciones-aep-sobre-alimentacion-complementaria

Lactancia
materna:
6 meses

Lactancia
artificial:
4-6 meses

Prematuros:
4-6 meses  

edad  
corregida

En general:
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¿Qué calendario y de qué
manera debemos recomendar  
introducir la alimentación  
complementaria?

¿En qué orden y con qué calendario debemos  
administrar la AC? ¿Cuál es la forma más adecuada?

Tipos de alimentos en la dieta del lactante
en relación con sus habilidades motrices

Edad Habilidades motoras Tipos de alimentos que se
pueden consumir

Ejemplos de alimentos

0-6 meses Mamar, succionar y tragar Líquidos Leche materna exclusiva

4-7 meses Aparece el primer reflejo de  
masticar, mayor fuerza de  
succión, movimientos reflejos  
de la lengua

Puré (solo si las necesidades  
del lactante piden una  
alimentación  
complementaria)

Leche materna, más  
purés de carne cocinada,  
verduras, frutas, papillas  
de cereales con y sin  
gluten

7-12 meses Coger la comida de la cuchara  
con los labios, morder y  
masticar.
Movimientos laterales de la  
lengua y de la comida hacia los  
dientes.
Se desarrollan habilidades  
motoras finas que facilitan la  
autoalimentación

Mayor variedad de comidas  
tanto trituradas como  
alimentos picados y  
alimentos con los dedos,  
combinando alimentos  
nuevos y familiares.
Dar 3 comidas/día con 2  
aperitivos en los intervalos

Leche materna más carne  
picada, frutas y verduras  
trituradas.
Vegetales y comida cruda  
picada, cereales y pan

12-24 meses Masticación con movimientos  
rotatorios y estabilidad de la  
mandíbula

Comidas familiares Leche materna más  
cualquier cosa que coma  
la familia, siempre que la  
dieta familiar sea sana y  
equilibrada

Últimas recomendaciones AC:
ESPGHAN 2017 Position paper

Las recomendaciones deberían considerar las  
tradiciones y patrones alimentarios

de lapoblación.
Debe ser variada

con distintos aromas y texturas.

Aunque hay razones teóricas por las cuales
diferentes alimentos pueden tener beneficios  

particulares en lactantes que reciban LM o  
fórmula, no se recomiendan, pues pueden ser  

confusas para las familias.

Requerimientos de hierro elevados,
sobre todo si LM.

Gluten entre 4º a 12º mes.
Introducción progresiva inicial.

Alta ingesta proteica puede incrementar  
el riesgo deobesidad

Las dietas veganas con suplementos
apropiados pueden ser aptas

Contenido

Fewtrell M, Bronsky J, Campoy C, et al. Complementary feeding: a position paper by the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2017;64:119-32.
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Consideraciones generales de la AC

Debe proporcionar la mitad del aporte energético diario.

Las tomas de LM o de FA serán una parte fundamental de la dieta.

No existen normas rígidas en cuanto al orden en el que deben ser introducidos los alimentos, depende de las  
costumbres locales y familiares y las preferencias individuales.

En niños con LM exclusiva es conveniente introducir primero alimentos ricos en hierro.

Esperar unos días antes de introducir otro alimento nuevo. Empezar dando pequeñas cantidades de cada alimento e
ir aumentando gradualmente para una mejor tolerancia.

Al inicio, ofrecer los alimentos en forma de purés o papillas y comenzar con texturas grumosas y semisólidas lo  
antes posible. Parece existir un periodo crítico para este proceso: 8-10 meses.

Grupos alimentarios

Frutas y verduras: Introducir  
progresivamente toda la variedad  

de colores y texturas. Cuidado  
con verduras de hoja verde.
Preferencia por fruta entera.

Cereales y féculas: En diversos  
formatos. Preferencia por  

integrales. Evitar azúcares libres.

Proteicos (carnes, pescados,  
marisco, huevos, legumbres): En  

diversas formas. Ofrecer  
diariamente, sobre todo ricos en  

Fe. Cuidado con peces  
depredadores de gran tamaño.

Lácteos: LM como lácteo ideal
cuando ambos quieran, fórmula  

de continuación en caso  
contrario. Yogur natural y queso  

fresco desde los 8-10 meses,  
leche de vaca entera a partir de  

los 12 meses.

CLM y CN de la AEP. Recomendaciones AEP sobre la alimentación complementaria. Noviembre-2018
https://www.aeped.es/comite-nutricion/documentos/recomendaciones-aep-sobre-alimentacion-complementaria

6-12
meses

Alimentos superfluos: Cuanto  
más tarde y en menor  

cantidad mejor (siempre a  
partir de los 12 meses)

Últimas recomendaciones AC:
ESPGHAN 2017 Position paper

Leche de vaca en cantidad relevante no antes del año de edad.

No añadir sal ni azúcar a las comidas.

Evitar azúcares simples: bebidas azucaradas, manufacturados, siropes…

No ofrecer miel antes del año de edad.

No dar bebidas que contengan hinojo (té, infusiones…), por la presencia de estragol.

No dar bebidas de arroz, pues puede aumentar la cantidad de arsénico inorgánico ingerido.

Evitar el aporte proteico elevado, dado su mayor riesgo de obesidad futura.

Fewtrell M, Bronsky J, Campoy C, et al. Complementary feeding: a position paper by the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2017;64:119-32.
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La alimentación en el primer año  
tiene varios objetivos

Primario

• Aportar nutrientes para un crecimiento óptimo.

Secundarios… pero igual de importantes

• Adquisición de habilidades oro-motrices
• Adquisición de conductas de alimentación adecuadas
• Facilitar la transición a la alimentación “de adulto”.

Modelo tradicional vs nuevas opciones
Recomendación OMS (2002):  

Inicio AC a los 6 meses de edad

A los 6 meses de edad las habilidades  
psicomotoras son mejores que a los 4  

meses, y permiten el manejo de alimentos
sólidos

Introducción de papillas y purés, de  
texturas progresivamente crecientes,  

con cuchara

Ofrecimiento desde el inicio de  
diferentes alimentos al bebé, para que,  

espontáneamente y con las manos,  
ingiera los que considere

Daniels L et al. Baby Led Introduction to SolidS (BLISS) study: a randomised controlled trial of a  baby-led approach to complementary feeding.
BMC Pediatrics. 2015:15;179.  DOI 10.1186/s12887-0491-8

Baby-led weaning (BLW)

•Es un término anglosajón, significa “destete  
dirigido por el bebé”. Adaptado al castellano:  
Alimentación dirigida por el bebé.

•Método que propone iniciar la alimentación  
complementaria con alimentos troceados, que el  
niño pueda coger con las manos y llevárselos a la  
boca (finger foods).

•No significa que el niño decide qué y cuándo come,  
sino que elige, de entre lo que le ofrecen sus padres  
(que ha de ser saludable y adecuado a su edad) qué  
cantidad de cada alimento come.

•Se trata de incluir al niño lo antes posible en la  
rutina familiar, que coma cuando lo hace el resto de  
la familia y los alimentos que le ofrezcamos  
adecuados a su edad.
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Condiciones para iniciar el BLW
Siempre a partir de los 6 meses

Deben cumplir una serie de requisitos:

• Mostrar interés por la comida
• Mantenerse sentado solo (o casi) y sin ayuda externa

• Saber mostrar señales de saciedad y hambre
• Haber desaparecido el reflejo de extrusión y ser capaz de realizar movimientos

masticatorios con la mandíbula y mover lateralmente la lengua

✓ El bebé se sienta a la mesa con la familia en las comidas

✓ Se le ofrece la misma comida (sana) que al resto, en la forma referida antes

✓ Se alimenta solo desde el principio, primero con las manos, después con los cubiertos

✓ El aporte de leche continúa siendo a demanda, sin relación con las comidas familiares.

Cameron SL et al. How feasible is Baby-Led Weaning as an approach to infant feeding? A review of the evidence.

Nutrients. 2012;4:1575-609; doi:10.3390/nu4111575

Puntos clave del BLW
• Idealmente LM exclusiva 6 meses; también válido en LA
• Cuando inicie AC seguirá tomando LM o LA a demanda

Aporte lácteo

• Desde el inicio de la AC el bebé se autoalimenta
• El uso de cubiertos, por razones de desarrollo, es más posterior,  

por lo que los purés o los yogures se ofrecen más tardíamente

• Mismos alimentos que el resto de la familia
• Pero preparados para ser cogidos con las manos

• La familia come junta en los mismos horarios de comidas

Dirigido por el
bebé

Comidas
familiares

Comidas en
familia

Daniels L et al. Baby Led Introduction to SolidS (BLISS) study: a randomised controlled trial of a  baby-led approach to complementary feeding.
BMC Pediatrics. 2015:15;179.  DOI 10.1186/s12887-0491-8

Alimentos para empezar

Verduras cocidas, un poco blandas (pero que no se deshagan del
todo): patata, calabacín, calabaza, brócoli, coliflor, zanahoria...

Frutas, verduras y hortalizas crudas como plátano, mango,
pera, ciruela, pepino, tomate…

Pasta cocida: espirales, macarrones, tiras de lasaña...

Carne cocida, tortilla francesa, jamón York... en tiritas.

“Finger-foods”
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Ventajas del BLW
Manteniendo  

siempre la  
LACTANCIA A  
DEMANDA

1. Fomenta la relación saludable con la comida. El bebé aprende a  
autorregular la ingesta que toma, es decir, nunca come obligado ni sin  
hambre, lo que posiblemente sea un factor protector frente a la  
obesidad.

2. El bebé conoce pronto los sabores y se adapta a las texturas de los
alimentos lo que facilita la transición. Se complementa bien con la LM.

3. No hay que hacer comidas especiales o diferentes. Es práctico. ¿Barato?

4. El bebé aprende otras muchas habilidades en la mesa.

Daniels L et al. Baby Led Introduction to SolidS (BLISS) study: a randomised controlled trial of a  baby-led approach to complementary feeding.

BMC Pediatrics. 2015:15;179.  DOI 10.1186/s12887-0491-8

¿Tiene riesgos o limitaciones el modelo BLW?

o Posibilidades económicas
o Disponibilidad de tiempo.

➢ Se ha estudiado en niños a término, sanos y con desarrollo psicomotor normal. Nose
sabe si es igualmente aplicable en todos los bebés, especialmente en prematuros, con  
retraso o enfermedades asociadas, o con un temperamento especial de él o de sus  
cuidadores.

➢ Puede que no ingieran suficiente energía. También son posibles los desequilibrios de
nutrientes.

➢ Hay que advertir frente al riesgo de ATRAGANTAMIENTO por alimentos duros y
pequeños.

➢ Hay que valorar ciertas circunstancias familiares, no siempre presentes:
o Dieta familiar saludable y variada
o Conocimientos generales y nutricionales

Hay que avisar que las arcadas y
el aparente atragantamiento son  

mecanismos dedefensa

Daniels L et al. Baby Led Introduction to SolidS (BLISS) study: a randomised controlled trial of a  baby-led approach to complementary feeding.
BMC Pediatrics. 2015:15;179.  DOI 10.1186/s12887-0491-8

¿Inconvenientes?
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¿Hay distintas modalidades de BLW?

Baby-Led Introduction to SolidS (BLISS)
• Es una versión modificada del BLW (propuesta en Nueva Zelanda, 2015), dirigida a  

disminuir los temores principales de los profesionales sanitarios: ferropenia,  
insuficiente ingesta energética y aumento del riesgo de atragantamiento

• Características esenciales:
1.Alimentos ofrecidos siguiendo el método BLW
2.Un alimento rico en hierro en cada comida
3.Un alimento de alto contenido energético en cada comida
4.Alimentos preparados de forma adecuada al desarrollo del lactante y listado con

alimentos a evitar para reducir el riesgo de atragantamiento

Cameron SL et al. Development and pilot testing of Baby-Led Introduction to SolidS –a versión of BLW modified to address concerns about iron deficiency,growth
faltering and choking. BMC Pediatrics. 2015;15:99. DOI 10.1186/s12887-015-0422-8

Listas de alimentos relevantes para el BLISS

Alimentos clasificados como  
que contienen hierro

• Carne de vaca, pollo, cordero,  
cerdo

• Pescado
• Hígado (incluyendo paté)
• Cereal de arroz infantil  

fortificado con hierro
• Legumbres: lentejas, judías  

blancas, hummus, garbanzos  
(que no sean hummus)

Alimentos clasificados como  
de alta energía

• Todos los alimentos, excepto la  
mayoría de las frutas y
verduras, las galletas de arroz
simples o las sopas claras

• Frutas clasificadas como de alta
energía: aguacate y plátano

• Verduras clasificadas como de  
alta energía: calabaza, patata y  
batata

Alimentos clasificados como de alto  
riesgo de atragantamiento

• Verduras crudas (por ejemplo: zanahoria,  
apio, hojas de ensalada)

• Manzana o melocotón crudos. Cerezas,
uvas, bayas, tomates cherry

• Galletas de arroz, patatas fritas, chips de
maíz

• Frutos secos (por ejemplo: cacahuetes,  
pistachos, nueces enteras)

• Frutas secas (por ejemplo: pasas,
arándanos)

• Guisantes y maíz en granos
• Caramelos y chucherías
• Embutidos de carne procesada (salchichas)
• Otros alimentos duros (es decir, alimentos  

que no se pueden aplastar contra el paladar  
de la boca con la lengua)

Ingesta energética y de nutrientes (1)
Morison BJ, et al. How different are baby-led weaning and conventional complementary feeding? A  
cross-sectional study of infants aged 6-8 months. BMJ Open 2016:6;e010665. doi: 10.1136/bmjopen-
2015-010665

• 51 lactantes sanos en Nueva Zelanda. BLW vs convencional, no aleatorizados. Evaluación: 6 a 8  
meses de edad.

• Similares ingestas energéticas; comidas familiares más frecuentes en BLW; mayores ingestas de
grasa y grasa saturada en BLW; menores ingestas de hierro, zinc y vitamina B12 en BLW

• Alta proporción en ambos grupos de alimentos con riesgo de atragantamiento, mayor en BLW, no
estadísticamente significativo

Rowan H, et al. Differences in dietary composition between infants introduced to complementary foods
using BLW and traditional spoon feeding. J Hum Nutr Diet. 2019;32:11-20. doi: org/10.1111/jhn.12616

• 180 padres en UK. Tres grupos: BLW estricto, BLW flexible y tradicional. Evaluación: 6 a 12 meses.

• Se encontraron varias diferencias significativas en la frecuencia de ciertos alimentos ingeridos,  
pero no en los alimentos que contienen hierro. Los hallazgos añaden un cuerpo creciente de  
evidencia de que el BLW es seguro y suficiente.
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Ingesta energética y de nutrientes (2)
Daniels L, et al. Impact of modified version od BLW on iron intake and status: a randomised controlled
trial. BMJ Open. 2018:8;e019036. doi: 10.1136/bmjopen-2017-019036

• 206 lactantes sanos en Nueva Zelanda. BLISS vs convencional, aleatorizados. Evaluación: 6 a 12
meses de edad.

• No incremento del riesgo de deficiencia de hierro cuando los padres son aconsejados de ofrecer
alimentos ricos en hierro con cada comida.

Erickson LW, et al. Impact of a modified versión of BLW on infant food and nutrient intakes: the BLISS  
randomized controlled trial. Nutrients. 2018;10:740; doi: 10.3390/nu10060740

• 206 lactantes sanos en Nueva Zelanda. BLISS vs convencional, aleatorizados. Evaluación: 6 a 12
meses de edad.

• No diferencias significativas a los 24 meses de edad. Sin embargo, ambos grupos tuvieron ingestas
altas de sodio y azúcares añadidos de forma preocupante.

Variedad y preferencias  
en la alimentación posterior

Morison BJ, et al. Impact of a modified versión of BLW on dietary variety and food preferences in
infants. Nutrients. 2018;10:1092. doi: 10.3390/nu10081092

• 206 lactantes sanos de Nueva Zelanda. Evaluación: 6 a 24 meses.
• Las únicas diferencias observadas en las preferencias alimentarias percibidas fueron muy  

pequeñas. Los BLISS fueron expuestos a comidas más variadas y de diferentes texturas desde una  
temprana edad, pero solo fue aparente a los 2 años una ingesta más variada en frutas y verduras.

Prevención de obesidad
Taylor RW, et al. Effect of a baby-led approach to complementary feeding on infant growth and
overweight. JAMA Pediatr. 2017;171(9):838-46. doi: 10.1001/jamapediatrics.2017.1284

• No diferencias significativas a los 12 o 24 meses

Lakshman R, et al. BLW safe and effective but not preventive of obesity. JAMA Pediatr. 2017;171(9):832-
3. doi: 10.1001/jamapediatrics.2017.1766

• No diferencias

Slomski A. BLW does not reduce risk of overweight. JAMA. 2017;318(16):1532. doi:

10/1001/jama.2017.15793

• No diferencias

Dogan E, et al. Baby-led complementary feeding: Randomized controlled study. Pediatr Int.  
2018;60(12):1073-80. doi: 10.1111/ped.13671

• Sí diferencias significativas a los 12 meses
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Riesgo de atragantamiento
Fangupo LJ, et al. A baby-led weaning approach to eating solids and risk of choking. Pediatrics.  
2016;138(4);e20160772

• 206 lactantes sanos en Nueva Zelanda. BLISS vs convencional, aleatorizados. Evaluación: 6 a 12
meses de edad

• Los lactantes que siguen método BLISS (que incluyen consejos para minimizar el riesgo de  
atragantamiento) no parecen tener mayor probabilidad de atragantamiento que los alimentados  
de forma tradicional. Sin embargo, ambos grupos están expuestos de forma preocupante a  
alimentos con riesgo de atragantamiento.

Brown A. No difference in self-reported frequency of choking between infants introduced to solid foods  
using a BLW or traditional spoon-feeding approach. J Hum Nutr Diet. 2018;31:496-504. doi:  
org/10.1111/jhn.12528

• Retrospectivo de 1151 madres en Suecia. Tres grupos autoclasificados: BLW estricto, BLW flexible y
tradicional.

• No hubo diferencias. Los relacionados con alimentos para coger con los dedos eran más frecuentes
entre los que los consumían menos a menudo.

Revisiones •Ingesta de nutrientes: BLISS vs tradicional: Diferencias en el  
consumo de ciertos grupos alimentarios, pero sin repercusión  
en la ingesta global de macronutrientes; BLISS vs BLW estricto:  
Mayor consumo de alimentos ricos en hierro.
•Ingesta energética: BLISS vs tradicional: NO diferencias  
significativas.
•Mejor respuesta a la saciedad: En el grupo BLW a los 18-24  
meses, aunque como dato autoreportado por los padres.
•Peso: SÍ diferencias significativas (1 estudio, pero pesos  
autoreportados y grupos autoimpuestos). 86,5% de  
normopeso y 8,1% de exceso de peso a los 18-24 meses en  
grupo BLW frente al 78,3% y 19,2% de los alimentados de  
manera tradicional; BLISS vs tradicional: No diferencias  
significativas en fallo de medro.
•Atragantamientos: No diferencias significativas.  
Recomiendan evitar los alimentos causantes.
•CONCLUSIONES: No suficiente evidencia para extraerlas.

Brown A, Jones SW, Rowan H. Baby-
led weaning: the evidence to date.
Curr Nutr Rep. 2017:6;148-156.

❑ Revisión no sistemática de todo lo
publicado hasta diciembre de 2016.

❑ La mayoría de los datos se han  
obtenido de 2 grupos de  
investigación de UK y Nueva  
Zelanda, unos pocos de EE.UU. y  
Canadá. 5 de ellos corresponden al  
estudio BLISS, un ensayo  
comparativo entre niños  
alimentados de manera tradicional  
y con este método BLW modificado.

❑ Limitaciones de los datos:  
Autoreportaje y autoselección.

Revisiones
•Ingesta de hierro: BLISS vs BLW estricto: Mayor consumo de  
alimentos ricos en hierro, aunque sin diferencias significativas  
en la cantidad ingerida.

•Ingesta energética y fallo de medro: Sí en algún estudio  
observacional, pero NO diferencias significativas en estudios  
posteriores (probablemente por distintos diseños de  
estudios).

•Respuesta a la saciedad y peso: Datos discordantes según  
estudios, algunos sí observan un menor peso en el grupo BLW,  
otros no diferencias.

•Preferencias alimentarias: Datos discordantes. Preocupación  
por la sal y el azúcar contenido en los alimentos familiares  
ofertados al grupo BLW.

•Atragantamientos: No diferencias significativas.

•CONCLUSIONES: Existen todavía cuestiones mayores  

irresueltas que requieren respuestas desde la investigación.

D’Auria Enza, et al. Baby-led weaning:  

what a systematic review of the  

literatura adds on. Italian Journal of  

Pediatrics, 2018;44:49. doi:  

org/10.1186/s13052-018-0487-8

❑ Revisión de todo lo publicado hasta  
febrero de 2018.

❑ Se revisan 12 artículos: 10  
transversales observacionales y 2  
ensayos controlados randomizados.

❑ La agrupación de resultados, dadas  
las diferencias, no fue posible.  
Sesgos potenciales. La calidad de la  
evidencia es baja.
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Últimas recomendaciones AC:
ESPGHAN 2017 Position paper

No evidencia para determinar el mejor
método: cuchara vs baby-led weaning.
A los 12 meses los lactantes deberían
beber de un vaso/taza, y no del bb.

Textura y consistencia
apropiada a cada etapa.

No prolongar triturados. Alimentos con
grumos: etapa crítica 8-10 meses.

Los padres deben estar atentos a las
señales de hambre y saciedad

del lactante.

No usar la alimentación  
como premio ni como castigo.

Método de  
alimentación

Fewtrell M, Bronsky J, Campoy C, et al. Complementary feeding: a position paper by the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2017;64:119-32.

Conclusión personal: Actitud abierta

❖ Algunos de los aspectos del BLW son favorables:
✓ El lactante participa más activamente en su alimentación. No solo introduce alimentos, sino

que también adquiere habilidades y costumbres
✓ Quita presión familiar a la comida: autorregulación, evita intrusismo (métodos coercitivos o

restrictivos)
✓ Integración más rápida en la comida y dinámica familiar

❖ Otros, por el contrario, no parecen aconsejables:
• Radicalidad: ¿es necesaria la oposición frontal a las comidas con cuchara?
• Riesgos no desdeñables: ¿válido para todos los lactantes y/o familias?, desequilibrios en  

ingesta y/o nutrientes, atragantamiento...
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Los cereales para el lactante y los superalimentos. 

Isidro Vitoria Miñana 
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I . Vitoria Miñana
Unidad  de Nutrición y Metabolopatías

Hospital La Fe. Valencia

Los cereales para el lactante y los superalimentos

Hidratos de 
carbono

Azúcares
simples 

Azúcares 
complejos Almidón

Glucógeno
Fibras

Monosacáridos

Disacáridos

Fructosa

Glucosa

Galactosa

Oligosacáridos

Polisacáridos

Lactosa

Maltosa

Sacarosa

1 Composición 
química

Hidratos de carbono
(metabolizados 

por el ser humano)

Azúcares 

Poliacoholes

Almidón

Xilitol
Sorbitol
Maltitol
Lactitol

Reglamento (UE) nº 1169/2011 del Parlamento Europeo y del Consejo,
de 25 de octubre de 2011, sobre la información alimentaria facilitada al consumidor

Monosacáridos

Disacáridos
Lactosa
Maltosa
Sacarosa

Fructosa
Glucosa

Galactosa

Etiquetado2
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Azúcares totales

Azúcares naturales
de los alimentos
(frutas, lácteos)

Azúcares (M,Ds) añadidos
durante procesado, cocinado 

o por consumidor

Azúcares en miel y jarabes

Azúcares en zumos de frutas

Azúcares libres
OMS

SACN (UK)
Scientific Advisory Committe Nutrition

3

Azúcares
Totales
Libres 

Añadidos 

Organismo/institución Tipo Azúcares Año

OMS Az. libres < 10% ICT 
(ideal < 5%) 2015

UK Scientific Advisory
Committee on Nutrition

(SACN)
Az. libres < 5% ICT 2015

ESPGHAN Az. libres < 5% ICT 2017
USDA Az. añadidos < 10% ICT 2015

EFSA Az. añadidos
No hay datos para 
establecer límite 

superior

en
2020

Recomendaciones

WHO
Sugars intake for adults and children.Guideline.2015

Población Tipo estudio Intervención Calidad(*)

Adultos Ensayos 
aleatorizados

Reducción AL y 
descenso peso Moderada

Niños Estudios cohortes Reducción AL y 
descenso peso Moderada

Niños Estudios cohortes Aumento AL y 
aumento de peso Baja

Niños Estudios cohortes Nivel ingesta AL y 
caries dental Moderada

Niños Relación dosis-
respuesta

Azúcares > 10 % 
calorías/día

y caries dental
Alta 

(*) sistema GRADE para clasificar calidad de la evidencia……..
….fuerza de recomendación
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Jardi ́ C, Aranda N, Bedmar C et al.
Ingesta de azúcares libres y exceso de peso en edades tempranas. Estudio longitudinal.

An Pediatr (Barc). 2019;90:165-172 

1.-Período crítico de aprendizaje
2.-Nutrición y crecimiento

Alimentación complementaria
¿Por  qué?

Fewtrell M, Bronsky J, Campoy C, Domellöf M et al.
Complementary Feeding: A Position Paper by the European Society for

Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) Committee on Nutrition.
J Pediatr Gastroenterol Nutr. 2017 ;64:119-132

Necesidades 
diarias

RECOMENDACIONES APORTES L.M.

0,5 – 1 año 0,6-0,8 
litros

1 
litro

Energía (Kcal/día) 750* 420-560 650-700

Zinc (mg) 3 1,5-2,5 1-3
Hierro (mg) 11 0,2-0,6 0,3-0,9

Calcio (mg) 260 150-200 200-250

Vitamina D (UI) 200 7 - 10 13

Proteínas (g) 11 6-8 9

fuente DRI 2011 AAP* -2014

* Basada en Dalmau J. 2014
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Caulfield E, Hartford W
Infant feeding in colonial America

J Pediatr 1952;41:673-687

Los primeros cereales infantiles

Fin siglo XIX:
1.-Panada (actualmente en cocina italiana tradicional)

2.-Leche de vaca diluida con agua de cebada y calentada

*Almidón +agua…hinchazón…+ textura y volumen

• Pan / galletas
• Azúcar
• Nuez moscada
• Limón

¿Tiene sentido incluir los cereales 
en la alimentación complementaria? 

Aspecto Ventaja Desventaja
Nueva textura en AC +++
Sabor nuevo ++ Sabor dulce
Aporte calórico +++
Aporte de hierro
Exceso azúcares libres
Fibra

4 Kcal/g
25-30 g

100-120 Kcal
(13-16 % Kcal/d)

.

L.A.
-Suficiente con F.I. Estándar (10-12 mg/l de Fe)
-Después de 4-6 meses…AC incluyendo cereales 
fortificados Fe

L.M.
-Fe 1 mg/Kg/día desde 4 meses
-Hasta introducción de AC rica en Fe (cereales fortificados 
Fe) Baker RD, Greer FR; Committee on Nutrition American Academy of Pediatrics

Diagnosis and prevention of iron deficiency and iron-deficiency anemia in infants and young children (0-3 years of age).
Pediatrics. 2010 ;126:1040-50

Hierro
¿Es importante aportar Fe?

…muy criticado…..

Furman LM.
Exclusively breastfed infants: iron recommendations are premature.

Pediatrics. 2011 ;127(4):e1098-9
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Davidsson L, Kastenmayer P, Szajewska H, Hurrell RF, Barclay D.
Iron bioavailability in infants from an infant cereal fortified with ferric pyrophosphate or ferrous fumarate

Am J Clin Nutr. 2000;71:1597-602

Leche Acido ascórbico

Materna 10 mg/100 ml

Fórmula (GIE-2015) 5 – 20 mg/100 ml

¿Qué sal de Fe es mejor?

Caballero AM, Martínez Graciá C, Martínez Miró S, Madrid J  et al.
Iron bioavailability of four iron sources used to fortify infant cereals, using anemic weaning pigs as a model.

Eur J Nutr 2019 ;58:1911-1922.

Sulfato 
ferroso

Pirofosfato 
ferroso 

micronizado
Hierro 

electrolítico

Fumarato 
ferroso

¿Realmente sólo los cereales son un aporte sustancial de Fe?
¿Debe ser el primer alimento en A. Complementaria?

Krebs NF. 
Meat as first complementary food for breastfed infants: feasibility and impact on zinc intake and status. 

J Pediatr Gastroenterol Nutr 2006;42:207 – 14. 
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Fidler Mis N, Braegger C, Bronsky J, Campoy C  et al.
Sugar in Infants, Children and Adolescents: A Position Paper of the European Society for Paediatric Gastroenterology,

Hepatology and Nutrition Committee on Nutrition. 
J Pediatr Gastroenterol Nutr. 2017;65:681-696. 

Máxima ingesta azúcares libres < 2 años……menos de 5 %

• Se recomienda el consumo de fruta entera
• No se recomienda ofrecer zumos de fruta al lactante

2017 2018

Azúcares

Composición (HC y azúcares) 
Web Nov-2018
98 marcas de cereales

Cereales para lactantes

Tipo de  cereal Nº 
Un cereal 16
Cereales sin gluten 12
Multicereales 23
Cereales con frutas 13
Cereales con miel 13
Miscelánea 21

Vitoria I, Correcher P
Recomendaciones de la ESPGHAN sobre ingesta de azúcares libres y contenido en azúcares y 

fibra de cereales para lactantes 
Congreso SEGHNP.2019
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Tipo de CL Nº 
preparados

Rango azúcares 
g/100 g

Un cereal 16 0,7 – 30,3

Cereales sin gluten 12 0,7 – 30,0

Multicereales 23 0,2 – 39,1

Cereales con frutas 13 0,3 - 31

Cereales con miel 13 0,6 - 33

Miscelánea 21 0,9 - 35

Tipo de CL Nº 
preparados

Nº CL cuyo aporte calórico 
a partir de azúcares es > 5% 

25 g 30 g

Un cereal 16 0 0

Cereales sin gluten 12 0 0

Multicereales 23 1 3

Cereales con frutas 13 0 0

Cereales con miel 13 0 1

Miscelánea 21 0 1

Todas 98 1 (1,0%) 5 (5,1 %)

Asumiendo 
• ingesta calórica diaria de 750 Kcal/día….
• Ración de 25 -30 g
• g  azúcar/ración * 4  Kcal/g

¿Cuántas marcas superan
las Recomendaciones ESPGHAN?

Nov-2018

No definidas recomendaciones en lactante
A partir del año…5 + edad (años)

Ventajas en microbiota intestinal y textura deposiciones

Fibra 

Estudio de 98 marcas de cereales lactante

Fibra     4,9  2,7 (0,5-11,5) g/100g.

Ingesta diaria 
• 25  - 30  g de cereales diarios
• 1,2 - 1,5 g de fibra diarios
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¿Tiene sentido incluir los cereales 
en la alimentación complementaria? 

Aspecto Ventaja Desventaja
Nueva textura en AC +++
Sabor nuevo ++ Sabor dulce
Aporte calórico +++
Aporte de hierro Depende de la sal de hierro
Exceso azúcares libres +/++
Fibra ++

Las dudas

¿Tiene sentido incluir los cereales 
en la alimentación complementaria? 

Alternativas

.

Energía,proteínas,hierro y zinc

Por 100 g
Maizena*

Sémola 
trigo*

Harina 
avena

**

Arroz
Integral 

hervido**

Blevit 5 
cereales

Nestum
5 cereales

Proteínas (g) 0,26 12,6 1,4 2,6 9,5 9
H. Carbono (g) 91,2 72,8 8 22,9 73,6 73,3
Azúcares (g) 0 3,5 14 18
Lípidos  (g) 0 1,05 0,9 0,9 1,7 4,5

Fibra (g) 0,9 3,9 0,8 1,8 10 9
Kcalorías 381 360 46 112 372 388

Hierro (mg) 0,47 1,2 0,5 0,5 7 9,8
Zinc (mg) 0,06 1,05 1,5 0,6 1 1,1

*Odimet, **BEDCA
Elaboración propia (15-9-19)
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Conclusiones

1.-La ingesta diaria de 25 g o 30 g
…. > del 5%-ICT en forma de azúcar en 1 o 5/98
…. Sobre todo multicereales y cereales  con miel
…. fibra 1,2- 1,5 gr diarios

2.-No tiene sentido dejar de recomendar los
preparados de cereales comercializados dadas sus
ventajas nutricionales. En todo caso, la cantidad
diaria ideal a recomendar es 25 gramos.

3.-Sería deseable que la industria mejore los
aspectos relativos a contenido en azúcar y sabor
dulce de cereales

¿Hacia dónde va la investigación sobre

los cereales para lactantes?

1.-Cereales integrales o de grano completo

2.-Evitar hidrólisis enzimática

Nov-2019

80-85 % 10-14 %

3 %

Cereal refinado

Cereal de grano completo o cereal integral1
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Fenólicos
Caroenoides

Beta-glucanos
Inulina

Esteroles,…

Klerks M, Bernal MJ, Roman S, Bodenstab S, Gil A, Sanchez-Siles LM
Infant Cereals: Current Status, Challenges, and Future Opportunities for Whole Grains

Nutrients. 2019;11(2)

Cereales de 
grano completo

Efecto 
antiinflamatorio

Respuesta 
insulina Perfiles lipídicos Salud intestinal

Obesidad
Diabetes

Cáncer colo-rectal
Enfermedades cardiovasculares

Klerks M, Bernal MJ, Roman S, Bodenstab S, Gil A, Sanchez-Siles LM
Infant Cereals: Current Status, Challenges, and Future Opportunities for Whole Grains

Nutrients. 2019;11(2)

¿Estudios en niños?
EC menos evidencia 
que observacionales

¿Hidrólisis enzimática?

• Amilasa salival

• Amilasa pancreática

• Endoamilasas…enlaces alfa 1-4…maltosa, maltotriosa, 

residuos de 5-10 G (dextrinas límite)

• Mucosa intestinal..enzimas menos lábiles que lactasa

• Glucoamilasa duodenal…hidrólisis de oligómeros de G (alfa 1-4)

• Sacarasa-isomaltasa……………hidrólisis maltosa (y sacarosa)

• Alfa-Dextrinasa…….Dextrinas limite enlace alfa 1-6

2



61

X Jornada de Actualización en Nutrición Infantil - Valencia, 22 de noviembre 2019

11

Chenopodium quinoa

No es gramínea (cereal)

Pseudocereal

Por su riqueza en almidón

Grupo de las amarantáceas.

Quinoa

Cultivo: Bolivia, Perú y Ecuador

Interés actual en seudocereales andinos:

-Quinoa

-Amaranto

-Altramuz o lupino,…

Mayor contenido proteico

-Utilidad en población local

Quinoa

Alimento
(en 100 g)

Prot
(g)

HC  digeribles
(g)

Lípidos
(g)

Fibra 
dietética

Trigo 12,7 56,9 2,2 12,6

Arroz 6,4 74,3 2,4 3,5

Avena 12,4 60,1 6,4 10,3

Centeno 8,2 58,9 1,5 14,6

Mijo 5,8 66,3 4,6 8,5

Quinoa 12,5-16,5* 52-69.0* 2-9,5* 7-9,7*

Lentejas 23,5 50,8 1,4 10,6

Garbanzos 22,7 54,6 3 10,7

Composición química granos de cereales 
(g/100 g)

García-Villanova B,Guerra EJ. Cereales y productos derivados. En:Gil A. Tratado de Nutrición. Composición y calidad 
nutritiva de los alimentos. Ed. Panamaericana.Madrid.2010.pp.97-138.

*Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

1Contenido proteico
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Aminoácidos
(en 100 g)

Lisina
(g)

Treonina
(g)

Met + Cist
(g)

Triptof
(g)

Leucina
(g)

Trigo 2,3 2,8 3,6 1,0 6,8

Arroz integral 3,8 3,6 3,9 1,1 8,2

Avena 4,0 3,6 4,8 0,9

Centeno 3,7 3,3 3,7 1,0

Mijo 2,7 3,2 3,6 1,3

Quinoa 6,1* 3,8* 4,8* 1,2* 5,8*

Leche humana 6,9 4,4 3,3 1,7 9,6

Composición química granos de cereales 
(g/100 g de proteína)

García-Villanova B,Guerra EJ. Cereales y productos derivados. En:Gil A. Tratado de Nutrición. Composición y calidad 
nutritiva de los alimentos. Ed. Panamaericana.Madrid.2010.pp.97-138.

*Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

2Contenido aminoácidos

Alimento
(en 100 g)

Prot
(g)

HC  digeribles
(g)

Lípidos
(g)

Fibra 
dietética

Trigo 12,7 56,9 2,2 12,6

Arroz 6,4 74,3 2,4 3,5

Avena 12,4 60,1 6,4 10,3

Centeno 8,2 58,9 1,5 14,6

Mijo 5,8 66,3 4,6 8,5

Quinoa 12,5-16,5* 52-69.0* 2-9,5* 7-9,7*

Lentejas 23,5 50,8 1,4 10,6

Garbanzos 22,7 54,6 3 10,7

Composición química granos de cereales 
(g/100 g)

García-Villanova B,Guerra EJ. Cereales y productos derivados. En:Gil A. Tratado de Nutrición. Composición y calidad 
nutritiva de los alimentos. Ed. Panamaericana.Madrid.2010.pp.97-138.

*Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

3Contenido H. carbono

Tamaño almidón 2 micras 
(menor que cereales) 

…procesado y congelado de  
alimentos

Alimento
(en 100 g)

Prot
(g)

HC  digeribles
(g)

Lípidos
(g)

Fibra 
dietética

Trigo 12,7 56,9 2,2 12,6

Arroz 6,4 74,3 2,4 3,5

Avena 12,4 60,1 6,4 10,3

Centeno 8,2 58,9 1,5 14,6

Mijo 5,8 66,3 4,6 8,5

Quinoa 12,5-16,5* 52-69.0* 2-9,5* 7-9,7*

Lentejas 23,5 50,8 1,4 10,6

Garbanzos 22,7 54,6 3 10,7

Composición química granos de cereales 
(g/100 g)

García-Villanova B,Guerra EJ. Cereales y productos derivados. En:Gil A. Tratado de Nutrición. Composición y calidad 
nutritiva de los alimentos. Ed. Panamaericana.Madrid.2010.pp.97-138.

*Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

4Contenido lípidos
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Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

Mejor perfil que cereales

¿Qué es alimento rico en 
calcio en infancia?

Vega-Gálvez A, Miranda M, Vergara J et al.
Nutrition facts and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a review. 

J Sci Food Agric. 2010;90:2541-7.

En 100 g Calcio (mg) Vit. D (UI)

Leche entera 110-120 1.2

Yogur 142 2.4

Queso fresco 
desnatado

120 Trazas

Queso de bola 760 7.2

Queso Emmental 1080 44

Queso parmesano 1275 18

Queso Cheddar 740 10.4

Flan de huevo 86 16

Natillas 132 2

J. Mataix Verdú
Tablas de composición de alimentos. Instituto de Nutrición y Tecnología de los Alimentos

5.a edición, Universidad de Granada, (2009)
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Quelantes de cationes divalentes

• Saponinas

• Acido fítico

Inhibidores de proteasas

Otras….Isoflavonas

Factores antinutricionales

Pihlanto A, Mattila P, Mäkinen S et al.
Bioactivities of alternative protein sources and their potential health benefits

Food Funct. 2017;8:3443-3458. 

• Quinoa es un alimento con ventajas sobre cereales

proteínas

lípidos

• Quinoa no es alimento comparable a LM o Fórmula 

en lactante

aminoácidos

calcio

factores antinutricionales

Resumen

Pihlanto A, Mattila P, Mäkinen S et al.
Bioactivities of alternative protein sources and their potential health benefits

Food Funct. 2017;8:3443-3458. 

Cereales para el lactante
Idealmente con grano completo o integrales

Sabor menos dulce
Menor aporte de azúcares libres

No regulación

Superalimentos como quinoa
Debemos ser cautos 

Recomendar
Desautorizar

……….Dieta variada y equilibrada sigue
siendo la base de la nutrición saludable……

Conclusiones
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Recomendaciones en alimentación: ¿modas?

Jaime Dalmau Serra
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RECOMENDACIONES EN ALIMENTACIÓN

INFANTIL PARA NIÑOS PEQUEÑOS: ¿MODAS?

FUNCIONES DEL PEDIATRA

tratar enfermedades

prevenir enfermedades

promoción de estilo de vida sano

recomendaciones de alimentación basadas en los conocimientos actuales de nutrición

AHA Special Report. Circulation 2010

►DIFERENTES RECOMENDACIONES DE NUTRIENTES:
RDA, EFSA, ESPGHAN, nacionales de diferentes países, …

►RECOMENDACIONES DE NUTRIENTES CAMBIANTES A LO LARGO DEL TIEMPO

►TABLAS DE COMPOSICIÓN DE ALIMENTOS CON VALORES DE NUTRIENTES
DIFERENTES PARA UN MISMOALIMENTO

DIFICULTAD DE ELABORACIÓN DE UNA DIETA

NUTRIENTES
esenciales

ALIMENTO
nutrientes que contiene

DIETA
ingesta en 7-10 días
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Lípidos en nutrición infantil. Aspectos prácticos.

Angel Gil Hernández 
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Lípidos en Nutrición Infantil: Aspectos
prácticos

Prof. Ángel Gil
Catedrático del Departamento de Bioquímica y Biología Molecular II,  
Instituto de Nutrición y Tecnología de los Alimentos “José Mataix”,  

Centro de Investigación Biomedica, Universidad de Granada,  
CIBEROBN, Madrid,

Presidente de la Fundación Iberoamericana de Nutrición (FINUT)

Ø Fuente de energía almacenable

Ø Estructura de membranas celulares
Colesterol  
Fosfolípidos  
Glicolípidos

Ø Protectora de superficies
Ceras

Ø Fuente vitaminas liposolubles

Ø Fuente de eicosanoides y docosanoides

Ø Impartición de sabor a los alimentos

FUNCIONES DE LOS LÍPIDOS

GRASA
DIETÉTICA

97 % COMPUESTOS  
SAPONIFICABLES

3 % COMPUESTOS
INSAPONIFICABLES

(TRIGLICÉRIDOS Y PEQUEÑAS CANTIDADES DE  
FOSFOLÍPIDOS)

• GLICEROL

• ÁCIDOS GRASOS

•SATURADOS

•MONOINSATURADOS

•POLIIUNSATURADOS

• ESTEROLES

•FITOSTEROLES
•COLESTEROL

• FENOLES

• VITAMINAS

• OTROS COMPONENTES
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ESTRUCTURA Y NOMENCLATURA DE LOS ÁCIDOS GRASOS

AGE

Gil A Tratado de Nutrición. 3ª Ed. Médica Panamericana, 2017

ESTRUCTURA TRIDIMENSIONAL DE LOS ÁCIDOS GRASOS

BIOSÍNTESIS DE ÁCIDOS GRASOS SATURADOS

Gil A Tratado de Nutrición. 3ªEd. Médica Panamericana, Madrid 2017

Glucosa

Palmítico
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BIOSÍNTESIS DE ÁCIDOS GRASOS INSATURADOS

BIOSÍNTESIS DE ÁCIDOS GRASOS POLIINSATURADOS

Gil A Tratado de Nutrición. Ed. Médica Panamericana, 2017

CLONADO, EXPRESIÓN Y REGULACIÓN NUTRICIONAL DE LAS DESATURASAS DE AGPI
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CARACTERÍSTICAS Y REGULACIÓN DE LA Δ-6 DESATURASA HUMANA

Cho et al 1999

CARACTERÍSTICAS Y REGULACIÓN DE LA Δ-5 Y Δ-6 DESATURASA HUMANA

Cho et al 2000

In utero Lactancia Corta edad

FUNCIONES DE AGPI EN EL DESARROLLO
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DESARROLLO DEL CEREBRO HUMANO

DHA Y NUTRICIÓN PRENATAL

Linoleico
α-Linolénico

Araquidónico  
Docosahexaenoico

Suplementación materna con DHA

Aumento de la expresión de FATP-1 Y FATP-4
Captación selectiva de DHA  

por la placenta
Larqué E, Krauss-Etschmann S, Campoy C, Hartl D, Linde J,  
Klingler M, Demmelmair H, Caño A, Gil A, Bondy B,  
Koletzko B. Docosahexaenoic acid supply in pregnancy  
affects placental expression of fatty acid transport  
proteins. Am J Clin Nutr 2006; 84:853– 61

CORRELACIÓN DE PRODUCTO/PRECURSOR PARA LOS AGPI n-6 Y
n-3 EN RELACIÓN CON LA EDAD GESTACIONAL

Uauy et al, Pediatr Res, 2000

La formación de LC-PUFA a partir  
de precursores en forma de  
isótopos estables tiene lugar desde  
las primeras etapas de la vida fetal  
y el retraso del crecimiento  
intrauterino parece disminuir la  
proporción de síntesis (Szitany et al,  
Ped Res 45: 669-73, 1999; Uauy et
al, Ped Res 47: 127-135, 2000)
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ACTIVACIÓN DE SINTAXINA-3 POR ÁCIDOS GRASOS Y ESTIMULACIÓN DEL
CRECIMIENTO DE LA NEURITAS

Darios & Davletov, Nature 440; April 2006 doi 10.10138

0

40

80

120

160

200

Suero

No suero
18:1n-9

20:4n-6
22:6n-3

24h 48h

EL DHA INHIBE LA APOPTOSIS DE NEURONAS 2A

(Kim et al 2001)

ESQUEMA DE LA SÍNTESIS Y EJEMPLOS DE ESTRUCTURAS DE  
MEDIADORES LIPÍDICOS DE LA RESOLUCIÓN DE LA INFLAMACIÓN

Gil. A. Tratado de Nutrición, Tomo II, Ed. Médica Panamericana, Madrid, 2017 (Adaptado de Basil y Levy,  
Nature Rev Immunol 2015; 16: 51-67.)
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FUNCIÓN DEL DHA Y DE LOS DOCOSANOIDES EN LA  
NEUROPROTECCIÓN

Gil A. Tratado de Nutrición. Ed. Médica Panamericana, 2017

40

30

% 20

10

0
18:1 n-9 18:2 n-6 18:3 n-3

CONTENIDO MEDIO DE ÁCIDOS OLEICO, LINOLEICO Y α-LINOLÉNICO EN
LECHE HUMANA EN ESPAÑA

0,8

0,6

% 0,4

0,2

0
18:3 n-3 20:5 n-3 22:5 n-3 22:6 n-3

AGPI-CL n- 3 EN LECHE HUMANA EN ESPAÑA
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DISTRIBUCIÓN DE AA Y DHA EN LECHE HUMANA A ESCALA MUNDIAL

Brenna et al. Am J Clin Nutr 2007;85:1457–64

Composld6n • aceltee J gn19119 de consumo hablual

·M.      al9.CIl.il.a..
Palma

Malee&
AlgéJd6n

Mal·
$Jya.
Olva
Maz

-Gi'asol
i.itaza
ctrt.DD
Cada

COMPOSICIÓN DE  ÁCIDOS GRASOS DE ALGUNAS GRASAS Y ACEITES
COMESTIBLES



97

X Jornada de Actualización en Nutrición Infantil - Valencia, 22 de noviembre 2019

13/11/19

9

WWW.FINUT.ORG

INGESTAS RECOMENDADAS DE GRASA TOTAL Y DE ÁCIDOS  
GRASOS: NIÑOS (0-24 MESES) Y NIÑOS (2-18 AÑOS)

INGESTAS RECOMENDADAS DE GRASA TOTAL Y DE ÁCIDOS  
GRASOS: NIÑOS (0-24 MESES) Y NIÑOS (2-18 AÑOS)
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INGESTAS RECOMENDADAS DE GRASA Y ÁCIDOS GRASOS PARA
LACTANTES (0-24 MESES) Y NIÑOS (2-18 AÑOS)

DHA

EPA+DHA

0

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6

0 .7

*

**

Hoffman /Uauy J Peds 2003

AGUDEZA VISUAL POST-DESTETE EN FUNCIÓN DEL
CONTENIDO DE LCP DE LA ALIMENTACIÓN
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Eighteen publications (11 sets of randomized control clinical trial [RCTs]) assessed  
the effects of the n-3 LCPUFA supplementation during pregnancy on  
neurodevelopment and growth, in the same subjects at different time points; 4  
publications (2 data sets from RCTs) addressed physiological responses to n-3  
LCPUFA supplementation during pregnancy & lactation and 5 publications
(3 data sets from RCTs) exclusively during lactation. Some of these studies showed  
beneficial effects of docosahexaenoic acid (DHA) supplementation during  
pregnancy and/or lactation especially on visual acuity outcomes and some on  
long-term neurodevelopment; a few, showed positive effects on growth. There  
were also 15 RCTs involving term infants who received infant formula  
supplemented with DHA, which met our selection criteria. Many of these studies  
claimed a beneficial effect of such supplementation on visual, neural, or  
developmental outcomes and no effects on growth.

Ø Makrides et al. and Birch et al. have conducted the largest studies and  
have shown, in different studies with multiple repeated measures, that  
n-3 LCPUFA supplementation to infant formula benefits visual acuity  
and mental development indices for up to 4 years.

Ø In addition, it has been reported benefits of LCPUFA supplementation  
on MDI scores at 18 months(74,83) and better problem solving skills at  
10 months of age

REGLAMENTOS

REGLAMENTO   DELEGADO  (UE)  2016 /127  DE LACOMISIÓN

de 25 de septiembre de 2015

que complementa el Reglamento (UE) nº 609/2013 del Parlamento Europeo y del Consejo en lo  que 
respecta a los requisitos específicos de composición e información aplicables a los preparados  para 

lactantes y preparados de continuación, así como a los requisitos de información sobre los  alimentos 
destinados a los lactantes  y niños de corta edad

5.6. Ácido docosahexaenoico

Mínimo Máximo

4,8 mg/1 00 kJ 1 2 mg/1 00 kJ

(20  mg/1 00 kcal) (50 mg/1 00 kcal)

5.7. Podrán añadirse otros ácidos grasos poliinsaturados de cadena larga (20 y 22 átomos de carbono ). En tal caso, el
contenido de ácidos grasos poliinsaturados de cadena larga no será superior al 2 % del contenido tota l en materia
grasa de lo s ácidos grasos poliinsaturados de cadena larga n-6 [ l %del contenido total en materia grasa para el ácido
araquidónico (20:4 n-6)].

El  contenido  en  ácido eicosapentaenoico (20: 5  n-3) no  será  superior  al  contenido  en ácido docosahexaenoico 
(22:6 n-3).
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Ø An infant formula with DHA and no arachidonic acid runs the risk of cardio
and cerebrovascular morbidity and even mortality through suppression of
the favorable oxylipin derivatives of arachidonic acid.

Ø The EFSA recommendation overruling breastmilk composition should be  
revised forthwith, otherwise being unsafe, ungrounded in most of the  
evidence, and risking lifelongdisability.

Ø It is concluded that a continuum of DHA and ARA
intake needs to be maintained during early life, a
critical period of infant growth and development.

Ø For both infant and follow-on formulas, DHA and ARA  
should be mandatory at levels that are equivalent to  
breast milk

Jasani B, Simmer K, Patole SK, Rao SC. Cochrane Database of Systematic Reviews  
2017, Issue 3. Art. No.: CD000376. DOI: 10.1002/14651858.CD000376.pub4.

Ø Most of the included RCTs reported no beneficial effects or harms of  
LCPUFA supplementation on neurodevelopmental outcomes of  
formula-fed full-term infants and no consistent beneficial effects on  
visual acuity.

Ø Routine supplementation of full-term infant milk formula with  
LCPUFA cannot be recommended at this time.
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Sq r lineal = 0,044

NUHEAL STUDY
Correlation between Psychomotor Development Index at 6 months  

(PDI6) and Raw Mental Score at 20 months (RMS20)

{n:117, r:0.21, p=0.022, y=0.12x+125.43}

S u p p le m e n ta l M ate r ia l c a n  b e  fo u n d  at:  
h ttp :// jn .nutrit ion .org /conten t /su p p l/2 0 1 1 /0 5 /23 /jn.11O. 1 2 9 6 3   
5 .D C 1 .h tm l

The Journal of Nutrition
Nutrient Requirements and Optimal Nutrition

Prenatal DHA Status and Neurological  
Outcome in Children at Age 5.5 Vears Are
Positively Associated1- 4

M. Victoria  Escola no-M argari  t,5     Rosa Ramos,6   Jeannette Beyer,7    Gyórgyi Csábi,8
Montserrat Parr illa- Ro ure,5   Francisco  Cruz,9 Miguel Perez-Garc ia ,9                        Mijna Hadders- lgra,11 Angel Gil,10 

Tamás Decsi,8 Berthold  V. Kol etzko,7   an d  Cristin a  Ca mpoy5,.:

TABLE 4 Contribution of the DHA status of newborns and mothers at delivery to the neurological  
outcome  of  the chi ldren at 5.5 y of  age assessed using the NOS1

B2 p OR   (95% Cl)3
Correet  

classification, %
Naegelkerke

r  Square,
%

R

Cord  DHA   in  plasma PL 0.453 0.014 1 .09-2.26 89.8 14.5
Cord  DHA   in  erythrocyte PE 0.845 0.017 1 .09-2.42 94.2 19.0
Cord  DHA   in  erythrocyte PC 0.488 0.049 1 .00-2.64 91.7 10.8
Maternal DHA  in  erythrocyte  PE     at delivery 0.584 0.002 1 .24-2.60 92.4 38.1
Maternal DHA  in eryt hrocyte  PC      at  delive ry 0.945 0.001 1.4!:r4.66 92.8 37.1
1Logistic regression analysis corrected for potential confounders (residence area, maternal age, risk facto rs during pregnancy, risk facto rs  at 
delivery, perinatal morbidity, length of  gestation, mate rnal status at  w ork, parental educational level, and  center).
2      Logistic regression coefficient.
3    Odds of  children with the maximal NOS at  5.5 y of  age  for every unit increment in DHA  level.

Nutr Rev. 2018 Jan 1;76(1):1-20.

Ø Current evidence indicates that n-3 LC-PUFAs administered  
during pregnancy or breastfeeding have no effect on the  
skills or cognitive development of children in later stages  
of development.

Ø Evidence regarding the improvement of cognitive function  
during childhood and youth or in attention  
deficit/hyperactivity disorder is inconclusive.
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Ø Intervention studies assessing the impact of DHA- and ARA-supplemented formulas  
have resulted in numerous positive developmental outcomes (closer to breast-fed  
infants) including measures of specific cognition functions, visual acuity, and immune  
responses.

Ø A critical analysis of outcome assessment tools reveals the essentiality of selecting  
appropriate, focused techniques in order to provide accurate evaluation of DHA- and  
ARA-supplementedformulas.

Ø Future research directions should encompass in-depth assessment of specific cognitive
outcomes, immune function, and disease incidence, as well as sources of experimental
variability such as the status of fatty acid desaturase polymorphisms.

Ø The 38 trials (mothers: n = 13; preterm infants: n = 7; term infants: n = 18) included 5541  
participants

Ø n–3 PUFA supplementation improves childhood psychomotor and visual development,  
without significant effects on global IQ later in childhood, although the latter conclusion is  
based on fewer studies

Effects of n–3 PUFA supplementation on Bayley Scales of  
Infant Development mental developmental index (weighted  

mean difference) in randomized controlled trials.

Shulkin et al. J Nutr 2018;148:409–418.
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Effects of n–3 PUFA supplementation on intelligence quotient  
(weighted mean difference) in randomized controlled trials.

Shulkin et al. J Nutr 2018;148:409–418.

Ø The trial contrasted the effects of four formulations: 0.00% docosahexaenoic acid  
(DHA)/0.00% arachidonic acid (ARA), 0.32% DHA/0.64% ARA, 0.64% DHA/0.64%  
ARA, and 0.96% DHA/0.64% ARA against a control condition (0.00% DHA/0.00%  
ARA).

Ø The results of this trial show improved cognitive outcomes for infants fed  
supplemented formulas, but a common finding among many of the outcomes show  
a reduction of benefit for the highest DHA dose (i.e., 0.96%DHA/0.64% ARA, that is,  
a DHA: ARA ratio 1.5:1.0).

Colombo et al. PLEFA 2017; 121: 52-56

SUSTAINED ATTENTION AT 4, 6 AND 9 MONTHS IN INFANTS  
FED FOUR FORMULAS SUPPLEMENTED WITH DIFFERENT  

CONTENTS OF ARA AND DHA
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Wechsler Preschool and Primary Scale of Intelligence, 3rd Edition (WPPSI)  
subscale and full-scale (Composite) scores at 72 months of age in the four  

formula groups suplemented with DHA and ARA

Colombo et al. PLEFA 2017; 121: 52-56

ARA IN BRAIN AS A FUNCTION OF FORMULA COMPOSITION IN INFANT BABOONS

Ø High-quality RCTs that will determine long-term health outcomes in  
appropriate real-world settings need to be undertaken.

Ø In the meantime, a collective pragmatic approach to evidence  
assessment, may allow public health policymakers to make  
comprehensive reasoned judgements on the merits, costs, and  
expediency of dietary DHA and ARA interventions.
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EL PROBLEMA DEL ACEITE DE PALMA

EL PROBLEMA DEL ACEITE DE PALMA

Process contaminants in vegetable oils and foods
Glycerol-based process contaminants found in palm oil, but also in other vegetable  
oils, margarines and some processed foods, raise potential health concerns for average  
consumers of these foods in all young age groups, and for high consumers in all age  
groups.

EFSA assessed the risks for public health of the substances: glycidyl fatty acid esters  
(GE), 3-monochloropropanediol (3-MCPD), and 2-monochloropropanediol (2-MCPD)  
and their fatty acid esters. The substances form during food processing, in particular,  
when refining vegetable oils at high temperatures (approx. 200°C).
The highest levels of GE, as well as 3-MCPD and 2-MCPD (including esters) were found  
in palm oils and palm fats, followed by other oils and fats. For consumers aged three  
and above, margarines and ‘pastries and cakes’ were the main sources of exposure to all  
substances.

EL PROBLEMA DEL ACEITE DE PALMA
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EL PROBLEMA DEL ACEITE DE PALMA

1.European Food Information Council. Information on palm oil:
/page/en/page/FAQ/faqid/question-answer-palm-oil/

2. European Food Safety Authority (EFSA). 3-Monochloropropane-1,2 Diol Esters (3- MCPD).

3. Food Standards Agency. 3-MCPD in soy sauce and related products – Q&As.

4. German Federal Institute for Risk Assessment (BfR) . Frequently Asked Questions about 3-
monochloropropane-1,2-diol (3-MCPD).

5. Institute of Food Science & Technology. Information Statement. 3-MCPD and glycidyl esters

6.International Life Sciences Institute (ILSI). 3-MCPD Esters in Food Products. Summary Report  
of a Workshop held in February 2009, Brussels.

7.European Food Safety Authority (2016) Risks for human health related to the presence of 3  
and 2-monochloropropanediol (MCPD), and their fatty acid esters, and glycidyl fatty acid  
esters in food.

EL PROBLEMA DEL ACEITE DE PALMA

Ø La FAO/OMS ha dictado recomendaciones de ingesta para lactantes y
niños de 2 a 18 años para que alcancen un adecuado crecimiento y
desarrollo.

Ø No todos los ácidos grasos saturados tienen los mismos efectos
biológicos y estos dependen de la matriz alimentaria.

Ø Los ácidos grasos laúrico y miristico (presentes sobre todo en la grasa
de coco) son los más aterogénicos que se conocen. En los lactantes
alimentados con fórmulas lácteas están limitados al 10 % de los
ácidos grasos totales.

CONCLUSIONES
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CONCLUSIONES

Ø Además de los ácidos linoleico y α-linolénico, existen amplias evidencias  
de que el DHA es también un ácido graso esencial en la edad pediátrica.

Ø La suplementación de DHA a la dieta de los lactantes en concentraciones  
similares a los de los RN alimentados al pecho mejora tanto la agudeza  
visual como varios parámetros asociados al desarrollo cognitivo en  
etapas posteriores de la vida, especialmente durante la lactancia y hasta  
los primeros 4-5 años de vida.

Ø Sin embargo, las evidencias de los efectos a largo plazo del DHA sobre el  
desarrollo cognitivo son muy escasas y se necesitan nuevos estudios a  
largo plazo que utilicen herramientas de evaluación apropiada.

Ø Los efectos del DHA sobre el desarrollo cognitivo dependen de las  
concentraciones relativas respecto al ARA. Las concentraciones y  
relación óptima coinciden con las medianas de la leche materna

CONCLUSIONES

Ø Desde un punto de vista de salud pública parece conveniente  
incluir el DHA y el ARA en las fórmulas infantiles, dado los  
efectos beneficiosos obtenidos a corto plazo sobre el  
desarrollo cognitivo, aun cuando no existe evidencia suficiente  
para argumentar beneficiosos a largo plazo

Ø Los efectos del DHA en el crecimiento y la inhibición de la  
apoptosis neuronal, así como el descubrimiento de  
docoxanoides como las resolvinas D y las neuroprotectinas D,  
pueden contribuir a explicar los efectos del DHA en el  
desarrollo cognitivo

CTS-461 Nutritional Biochemistry
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GRACIAS POR SU ATENCIÓN


