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Alimentación del futuro. Nutrición personalizada. 
Nutrigenómica, nutrigenética y epigenética
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De Toro Martín y col, 2017

Del Prêt-à-porter

al traje a medida;

O cuando los genes 

deciden lo que hay 

que comer

Precision Nutrition
Precision Medicine 
Precision Health

Pautas y normas para garantizar un óptimo estado de salud:
• IDR, Objetivos Nutricionales, Guías Alimentarias
Programas y políticas alimentarias y nutricionales

Prevención

Objetivo final de la Investigación Nutricional:
Mejorar la calidad de vida, minimizando morbilidad y 

maximizando longevidad

Nutrición personalizada

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Falta de intervenciones efectivas 
en enfermedad crónica
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Sobrevivir
Satisfacer 

hambre/sed
Disfrute y 

satisfacción

Modificado de Verschuren, 2001

Dieta equilibrada y suficiente
Energía y 50 nutrientes (N)

[IDR] (Erradicación de la 
enfermedad deficitaria)

Inicios empíricos

Prevenir la 
enfermedad 

crónica

Dieta prudente y palatable
“Dieta total”: [ON-GABA]
(N + nuevas funciones + no N)

+ actividad física

Máxima 
calidad de vida 
y longevidad

Nutrición óptima 
Concepción holística

Modelo dietético +
estilo de vida + genética

Dieta personalizada
Nutrición de precisión

Siglo XXI

Dieta-salud: La transición nutricional
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Dieta mediterránea

Genética,
Biología, ..

Estilo de vidaAmbiente

Dieta

Actividad física

Prevención = nutrición óptima

Epigenética

Gran “desajuste” entre 
nuestra genética y nuestro 

estilo de vida (S XXI)
Eaton y col., Eur J Clin Nutr (1997) 51, 207±216

Enfermedades crónicas (ECV, cáncer, diabetes, obesidad, ..)

Composición corporal
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Development of dietary guidelines at various stages of individual life cycle from conception, infancy, adolescence to 
aging, related to individual genotype and phenotype in health promotion and disease prevention.

Go V L W et al. J. Nutr. 2005;135:3016S-3020S ©2005 by American Society for Nutrition

La prevención es posible

Sana

Hábitos alimentarios

Palatable

Prevención de 
enfermedad crónica (EC)
(     morbi-mortalidad

esperanza de vida)
“Elixir de eterna juventud,
de larga vida”

• Dieta Mediterránea

Dieta equilibrada. Concepto clásico

Necesidades
de E y N

Ingesta
de E y N

Energía y nutrientes
Prevenir deficiencias
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Nutrientes (Bioactivos):
- Funciones clásicas: prevenir las 

enfermedades deficitarias (1 causa)
- Nuevas funciones: prevenir las EC 

(múltiples causas)

“No nutrientes” (Bioactivos)
Prevenir enfermedad crónica (EC)
(múltiples causas)

Interacciones (+/-)

Actividad física
Tabaco, Alcohol
Estilo de vida, …

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal
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D. Corella, J. Ordovás, A. Martínez, M. Garaulet

Prevenir la 
enfermedad crónica:

morbi-mortalidad
esperanza de vida
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Rather than there being an ‘optimal’ human 
diet, there are a range of adequate diets 
which depend upon individual biological and 
cultural variation:

Nutrición personalizada, basada 
en:

Secuenciación genoma humano
Análisis de variabilidad genética
Estudios de asociación entre 

variantes genéticas y marcadores de 
enfermedad

Impacto de nutrientes sobre la 
expresión génica

http://www.portalfarma.com/jornadas-congresos/ii-jornada-
profesional-alimentacion/Documents/Alfredo-Martinez.pdf

https://pdfs.semanticscholar.org/presentation/fa13/8df514834bacb0eab8b40581fc380bd5e101.pdf
https://www.genome.gov/10001772/all-about-the--human-genome-project-hgp/
http://edit.um.es/campusdigital/santiago-grisolia-el-bioquimico-que-dirigio-el-proyecto-genoma-humano-de-la-unesco-2/
http://bioinformatica.uab.es/base/base3.asp?sitio=ensayosgenetica&anar=pgh&item= 

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

The Human Genome Project (HGP) [1990 2003; HapMap: 2005]
One of the sciences strongly influenced by this project was nutrition,
through the consolidation of nutritional genomics.
International Human Genome Sequencing Consortium. Finishing the euchromatic sequence of the human genome. Nature. 2004;431(7011):931–45.
En: Cominetti et al. Nutrire (2017) 42:10 - https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2
https://www.ucm.es/innovadieta/n
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Nutrición personalizada:
Desarrollar pautas nutricionales específicas para cada individuo según su genética.

Nutrición de precisión:

Desarrollar pautas efectivas basadas en la combinación de factores genéticos y epigenéticos, 
perfil metabólico, hábitos alimentarios, microbiota, actividad física, ambiente, estilo de vida, 
… teniendo en cuenta que todos ellos pueden cambiar a lo largo del tiempo.
Lo que hacemos y dónde estamos puede ser más importante que lo que somos.

Actualmente no existe una base racional para una nutrición verdaderamente personalizada para la mayoría de las 
personas, basada en las diferencias interindividuales.

Por el contrario, la nutrición de precisión basada en el "estilo de vida" ambiental y / o de comportamiento de cada 
persona puede proporcionar una base más sólida para ajustar la dieta de forma dinámica, adaptándola a las 
diferentes demandas y requisitos fisiológicos a lo largo del tiempo.

Betts y González, 2016
https://onlinelibrary.wiley.com/doi/pdf/10.1111/nbu.12238

Limitaciones actuales:
- Falta de resultados robustos y reproducibles,
- Alto coste de tecnologías ómicas y aspectos metodológicos en el diseño,
- Análisis e interpretación de datos (Big-data)

De Toro Martín y col, 2017
http://www.mdpi.com/2072-6643/9/8/913/htm

The hypolactasia diagnosis, the celiac disease ruling out or the phenylketonuria
screening, have allowed the implementation of tailored nutritional advices based on 
genetic makeup for years, i.e., avoiding lactose-, gluten- and phenylalanine-containing 
products to at-risk individuals.

De las ingestas recomendadas a la nutrición personalizada
http://www.ucm.es/data/cont/docs/458-2017-11-17-carbajal-IR-Nutr-personalizada-GENUTREN-26-Abril-2012.pdf

http://www.portalfarma.com/jornadas-congresos/ii-jornada-profesional-alimentacion/Documents/Alfredo-Martinez.pdf
https://pdfs.semanticscholar.org/presentation/fa13/8df514834bacb0eab8b40581fc380bd5e101.pdf
https://www.genome.gov/10001772/all-about-the--human-genome-project-hgp/
http://edit.um.es/campusdigital/santiago-grisolia-el-bioquimico-que-dirigio-el-proyecto-genoma-humano-de-la-unesco-2/
http://bioinformatica.uab.es/base/base3.asp?sitio=ensayosgenetica&anar=pgh&item
https://www.ucm.es/nutricioncarbajal
https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2
https://www.ucm.es/innovadieta/n
https://www.ucm.es/nutricioncarbajal
https://onlinelibrary.wiley.com/doi/pdf/10.1111/nbu.12238
http://www.mdpi.com/2072-6643/9/8/913/htm
http://www.ucm.es/data/cont/docs/458-2017-11-17-carbajal-IR-Nutr-personalizada-GENUTREN-26-Abril-2012.pdf
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The Road to Tailored Dietary Advices

One of the ultimate goals of the promising field of precision nutrition is the design of tailored nutritional recommendations to
treat or prevent metabolic disorders. More specifically, precision nutrition pursuits to develop more comprehensive and dynamic
nutritional recommendations based on shifting, interacting parameters in a person’s internal and external environment
throughout life. To that end, precision nutrition approaches include, in addition to genetics, other factors such as dietary habits,
food behavior, physical activity, the microbiota and the metabolome. Following the completion of the mapping of the Human
Genome, a cumulative number of association studies have been performed in order to identify the genetic factors that may
explain the inter-individual variability of the metabolic response to specific diets. In this sense, while numerous genes and
polymorphisms have been already identified as relevant factors in this heterogeneous response to nutrient intake, clinical
evidence supporting these statistical relationships is currently too weak to establish a comprehensive framework for personalized
nutritional interventions in most cases. Thus, although most of findings on this topic are still relatively far from giving their fully
expected potential in terms of translation and application of this knowledge to precision nutrition, some of them have been
successfully developed in both the public and the private sectors. On one hand, the hypolactasia diagnosis, the celiac disease
ruling out or the phenylketonuria screening, have allowed the implementation of tailored nutritional advices based on genetic
makeup for years, i.e., avoiding lactose-, gluten- and phenylalanine-containing products to at-risk individuals. On the private
sector, many companies are already offering genetic tests to customize diets based on the individual response to specific
nutrients. For instance, that is the case of genetic tests based on the specific metabolism of caffeine (slow or fast metabolizers),
the predisposition to weight gain by saturated fat intake, or the increased risk of developing hypertension by high salt intake,
among others. Together, these nutritional recommendations solely based on genetic background represents a straightforward
approach to the concept of personalized nutrition. Although quite similar to the concept of precision nutrition, and sometimes
interchangeable, the latter makes reference to a conceptual framework covering a wider set of individual features allowing an
effective and dynamic nutritional approach. Thus, while personalized nutrition based on genes is already being implemented
successfully based on numerous research studies, such as the ones above mentioned, precision nutrition may still lack sufficient
evidence for full implementation given its complexity, as will be reviewed below.

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

http://www.mdpi.com/2072-6643/9/8/913/htm
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Interacción Gen – Ambiente

La nutrición personalizada, entendida como la adecuación del consejo nutricional a las necesidades específicas del
individuo, incluyendo las interacciones nutrigenéticas y nutrigenómicas, ha marcado la investigación en nutrición del
Siglo XXI. El concepto de “Nutrición de Precisión”, de gran importancia en investigación y en el ámbito clínico,
considera que la prevención o el tratamiento de enfermedades metabólicas debe abordarse de un modo integral,
teniendo en cuenta al individuo y a su entorno, y no sólo a nivel fenotípico o molecular, sino también a nivel
subjetivo, emocional y conductual. Proyecto Europeo Food4Me.
S Navas-Carretero, Director de la Línea de Investigación de Nutrición Personalizada, Centro de Investigación en Nutrición. Universidad de Navarra
http://www.sennutricion.org/es/2017/12/28/nutricin-de-precisin-la-personalizacin-integral-de-la-dieta-como-medio-de-prevencin-de-enfermedades

http://moldvictim.org/environmental-exposures-to-moldfungi-or-other-pathogens/

https://www.ucm.es/nutricioncarbajal
http://www.mdpi.com/2072-6643/9/8/913/htm
https://www.ucm.es/nutricioncarbajal
http://www.sennutricion.org/es/2017/12/28/nutricin-de-precisin-la-personalizacin-integral-de-la-dieta-como-medio-de-prevencin-de-enfermedades
http://moldvictim.org/environmental-exposures-to-moldfungi-or-other-pathogens/
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https://www.hsph.harvard.edu/nutritionsource/2018/02/09/precision-nutrition-type-2-diabetes-management-is-it-ready-for-prime-time/
https://www.hsph.harvard.edu/news/features/precision-nutrition-hype-or-hope/

Nutrigenetic, nutrigenomic, and 

nutriepigenetic approaches for precision 

nutrition to the prevention and management 

of obesity and associated chronic diseases.

Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management 

of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
https://www.hsph.harvard.edu/nutritionsource/2018/02/09/precision-nutrition-type-2-diabetes-management-is-it-ready-for-prime-time/
https://www.hsph.harvard.edu/news/features/precision-nutrition-hype-or-hope/
https://www.karger.com/Article/FullText/477729
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Martinez JA, Navas-Carretero S, Saris WH, Astrup A: Personalized weight loss strategies-the role of macronutrient distribution. Nat Rev Endocrinol 2014;10:749-760.

Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management of Chronic 

Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729

The response of an individual to nutrient intake results from the
interaction of metabolic, environmental, social and genetic factors (fig).
Analysis of an individual's genome can distinguish responders from
nonresponders to dietary interventions and treatments. Personalized
nutrition depends on the genetic background plus biological and cultural
variations, including food intolerances, preferences and allergies, where
knowledge and integration will allow precision nutrition.
The traditional concept of personalized nutrition is to adapt the diet
according to individual needs and preferences. With the evolution of
high-throughput technologies, precision nutrition can finally contribute
to the reduction and prevention of disease by using genetic information
to predict whether someone is going to respond to specific nutritional
patterns or not. Personalized nutrition is based on the principle that
particular foods or nutrient quantities may alter disease risk more or less,
depending on the individual's DNA sequence.

Precision nutrition can be considered as occurring at three levels: (1) conventional nutrition based on general guidelines for
population groups by age, gender and social determinants; (2) individualized nutrition that adds phenotypic information about
the person's current nutritional status (e.g. anthropometry, biochemical and metabolic analysis, physical activity, among others),
and (3) genotype-directed nutrition based on rare or common gene variation. The ultimate goal is to integrate such sources of
information to ensure that health-care professionals, including dietitians, physicians, pharmacists and genetic counselors, know
sufficient concepts about nutrigenetics and nutrigenomics to decide on the most appropriate level of care to achieve a precision
nutrition which integrates phenotypical and genotypical issues as well as social, environmental and metabolic factors.

Precision Nutrition. The interplay between genetic background, biological, 
cultural and environmental variations on personalized nutrition.

The precision nutrition plate. 

A schematic representation 

of the main factors worth to 

consider when approaching 

precision nutrition.

Modificado de: Toro-Martín y col. Precision Nutrition: A Review of Personalized Nutritional Approaches for the Prevention 

and Management of Metabolic Syndrome. Nutrients 2017, 9(8), 913. http://www.mdpi.com/2072-6643/9/8/913/htm

Betts & Gonzalez. Personalised nutrition: What makes you so special? Nutr. Bull. 2016, 41, 353–359.

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

“the scientific 
community generally 

agrees that the 
future of precision 
nutrition will not be 

solely based on 
nutrigenetics”

Crononutrición 

Calidad nutricional

Dieta total: MEDAS

Marcadores:
- Composición corporal (IMC?)
- Bioquímica

Metabolismo 
de Nutrientes

Microbioma

Cómo aplicar la Nutrigenética y la Epigenética de nuestro reloj interno a la práctica clínica de la nutrición
M. Garaulet - https://www.youtube.com/watch?v=jgQw-uVZDqc

Los relojes de tu vida: https://tv.um.es/canal?cod=a1&serie=20801

https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/477729
http://www.mdpi.com/2072-6643/9/8/913/htm
https://www.ucm.es/nutricioncarbajal
https://www.youtube.com/watch?v=jgQw-uVZDqc
https://tv.um.es/canal?cod=a1&serie=20801
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http://www.food4me.org/es/

PREDIMED y Food4me

http://www.predimed.es/

http://www.mdpi.com/2072-6643/9/8/913/htm
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https://www.ucm.es/nutricioncarbajal
http://www.food4me.org/es/
http://www.predimed.es/
http://www.mdpi.com/2072-6643/9/8/913/htm
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Enfoque tradicional:

La misma dieta para todos !

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

• Se asume que los miembros de un grupo tienen las características medias del grupo en conjunto.

• Se asume que los grupos son homogéneos.

¿Por qué …
Esta comida es sana para unos y para otros supone un 

riesgo de hipercolesterolemia?

Normal Cholesterol

High Cholesterol 

Not FAIR!!
?

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
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Café 
& enfermedad coronaria 

• Resultados inconsistentes:

– Beber café aumenta el riesgo de enfermedad coronaria

– La cafeína NO tiene efecto

– El consumo moderado de café tiene efectos cardio-protectores

¿Por qué …

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Recent research has indicated that part of the interindividual variability in cardiovascular responses to caffeine has a genetic basis.
Moving towards Specific Nutrigenetic. Recommendation Algorithms: Caffeine, Genetic Variation and Cardiovascular Risk.
J Nutrigenet Nutrigenomics 2016;9:106-115 - https://doi.org/10.1159/000446801

(Corella, 2007)

Keys (1965): Las “características intrínsecas” del individuo son las que motivan 
la diferente respuesta lipídica a la misma intervención dietética

“gran variabilidad individual en la respuesta”, “susceptibilidad individual”, …

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
https://doi.org/10.1159/000446801
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Enfoque actual:

Somos distintos!: Dieta individualizada !

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

http://biogenic-colombia.blogspot.com.es/2012/05/medicina-personalizada-una-medicina.html

¿Podemos 
personalizar 

las pirámides?Genética

(modificado de Corella, 2007)

Estilo de vida

Siglo XXI

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
http://biogenic-colombia.blogspot.com.es/2012/05/medicina-personalizada-una-medicina.html
https://www.ucm.es/nutricioncarbajal
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Gillies, J Am Diet Assoc 2003;102:S50-S55

25
Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

(Corella, 2007)

Ciencia que estudia la interacción funcional entre los 
alimentos y sus componentes y el genoma

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
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A Martínez. Presente y Futuro de la Nutrición Personalizada
http://www.portalfarma.com/jornadas-congresos/ii-jornada-profesional-alimentacion/Documents/Alfredo-Martinez.pdf

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Nizel, AE (1972) Personalized nutrition counseling. ASDC J Dent Child 39, 353–360

(Corella, 2007)

El Proyecto Genoma Humano (2001) y el 
HapMap (2005) han aportado las 

herramientas y la información necesarias 
para entender la interacción gen-nutriente

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

2004 

http://www.portalfarma.com/jornadas-congresos/ii-jornada-profesional-alimentacion/Documents/Alfredo-Martinez.pdf
https://www.ucm.es/nutricioncarbajal
https://www.ucm.es/nutricioncarbajal
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The omics cascade. Metabolomics is the final step in the cascade, and thus 
studies information closer to the phenotype than the preceding omics. 

http://www.mdpi.com/2218-1989/7/2/18/htm

The suffix ‘omics' means ‘global' and is used 
as a modifier for a wide range of endeavors 
such as the comprehensive analysis of:
- Genes (genomics),
- DNA modifications (epigenomics) (DNA 

methylation, …),
- Messenger RNA (mRNA) or transcripts 

(transcriptomics),
- Proteins expression (proteomics),
- Metabolites changes (metabolomics),
- Lipids (lipidomics),
- Food (foodomics), 
- Microbiota (microbiomics, metagenomics).
https://www.karger.com/Article/FullText/445350
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3121546/
http://circgenetics.ahajournals.org/content/9/3/291
http://www.gutmicrobiotaforhealth.com/es/glossary/proyecto-de-microbioma-
humano/

Martínez, MOOC Nutrición, genes y salud - 2.1. Nutrición personalizada
https://www.youtube.com/watch?v=_7v9HWGW9QI&feature=youtu.be
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EXPOSOMICS
Exposome. Wild, Cancer Epidemiol Biomarkers Prev. 2005 Aug;14(8):1847-50.
https://www.ncbi.nlm.nih.gov/pubmed/16103423
https://academic.oup.com/ije/article/41/1/24/650703
https://www.sciencedirect.com/science/article/pii/S1438463916301304

The future of research on stratified diabetes medicine: a systems epidemiology approach to the discovery of 
interactions between the exposome (all nongenetic elements to which we are exposed) and the quantifiable 

elements of the human physiome.

Paul W. Franks et al. Dia Care 2013;36:1413-1421
http://care.diabetesjournals.org/content/36/5/1413

©2013 by American Diabetes Association

https://www.ucm.es/nutricioncarbajal
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http://circgenetics.ahajournals.org/content/9/3/291
http://www.gutmicrobiotaforhealth.com/es/glossary/proyecto-de-microbioma-humano/
https://www.youtube.com/watch?v=_7v9HWGW9QI&feature=youtu.be
https://www.ncbi.nlm.nih.gov/pubmed/16103423
https://academic.oup.com/ije/article/41/1/24/650703
https://www.sciencedirect.com/science/article/pii/S1438463916301304
http://care.diabetesjournals.org/content/36/5/1413
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Potential molecular mechanisms for nutrigenomic/nutrigenetic interactions in cardiovascular 
disease (CVD) risk. 

Jane F. Ferguson et al. Circ Cardiovasc Genet. 2016;9:291-313
http://circgenetics.ahajournals.org/content/9/3/291

Copyright © American Heart Association, Inc. All rights reserved.

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

La nutrición personalizada a través de la epigenómica, Milagro y Martínez, 2015
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/

http://foodmetabolome.org/biomarkers_def

http://circgenetics.ahajournals.org/content/9/3/291
https://www.ucm.es/nutricioncarbajal
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
http://foodmetabolome.org/biomarkers_def
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Biomarkers: background, classification and guidelines for applications in nutritional epidemiology, 2015
www.aulamedica.es/nh/pdf/8765.pdf

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Fito y col. Int. J. Mol. Sci. 2016, 17(9), 1469; doi:10.3390/ijms17091469
http://www.mdpi.com/1422-0067/17/9/1469/htm

https://www.ucm.es/nutricioncarbajal
http://www.aulamedica.es/nh/pdf/8765.pdf
http://www.aulamedica.es/nh/pdf/8765.pdf
https://www.ucm.es/nutricioncarbajal
http://dx.doi.org/10.3390/ijms17091469
http://www.mdpi.com/1422-0067/17/9/1469/htm
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Nutri(epi)genética
(polimorfismos)

Nutrigenómica
(expresión de genes)

Nutrición molecular, genómica nutricional
Interacción gen-nutriente

Modificado de Gillies, J Am Diet Assoc 2003;102:S50-S55
Pérez-Martínez y col., 2008

El genoma humano es sensible al entorno nutricional en un doble sentido

Nutrientes
+

bioactivos
Genes

Cómo las variantes genéticas modulan el efecto de los nutrientes

Papel de nutrientes en la modulación de la expresión genética

Nutrición personalizada
 Salud óptima

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Some ‘omics' technologies could be used to develop optimal, customized 
diets to promote health maintenance and disease prevention for each 
individual, thus expanding into effective public health strategies on diet 
therapy.

With this perspective, the omics tools most immediately relevant to 
personalized nutrition include nutrigenetics, nutrigenomics and 
nutriepigenetics.

Nutrigenetics investigates the influence of the genotype (variants of the 
DNA sequence) on the response to nutritional change and on the risk of 
nutrition-related disease.

Nutrigenomic studies investigate the effect of nutrition on gene 
expression and, consequently, on the proteome and the metabolome. 

Nutriepigenetic studies explore the chromatin structure and DNA 
modifications that do not alter the underlying DNA sequence, but affect 
gene expression. 

Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on Personalised
Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www.karger.com/Article/FullText/445350

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Mutch et al. (2005) FASEB Journal 19:1602-1616.

https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/445350
https://www.ucm.es/nutricioncarbajal


https://www.ucm.es/nutricioncarbajal/ 22/05/2018

A. Carbajal. F. Farmacia. UCM 19

NUTRIGENÓMICA:

• Analiza el efecto de los componentes bioactivos de la 
dieta (nutrientes y no nutrientes) en la EXPRESIÓN 
GENÉTICA (en los genes).

• Objetivos:
• Identificar los genes regulados por la dieta (genes candidatos responsables 

de un fenotipo concreto).

Los nutrientes modulan la expresión de los genes

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Muller M & Kersten S. (2003) Nature Reviews Genetics 4:315-322
https://www.ncbi.nlm.nih.gov/pubmed/12671662

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Nutrigenomics

Nutrients and food components can affect and regulate gene activity both directly and
indirectly, including acting as ligands of transcription factors and playing a regulatory role
in intermediate metabolites of signaling pathways, with positive or negative effects.
Hence, nutrigenomics seeks to show how dietary factors influence gene expression and
subsequently impact protein and metabolite levels.

A common approach is the examination of individual mRNA levels relative to intake of
certain food components.

Nutrigenomic strategies thus include analysis of gene expression and biochemical profiles.
Early examples of such research strategies include the finding that dietary cholesterol
inhibits transcription of the 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) gene, and
that long-chain omega-3 polyunsaturated fatty acids reduce gene transcription of platelet-
derived growth factor and interleukin-1β.

Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on
Personalised Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www.karger.com/Article/FullText/445350

https://www.ucm.es/nutricioncarbajal
https://www.ncbi.nlm.nih.gov/pubmed/12671662
https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/445350
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• From a nutrigenomic perspective bioactive food components are dietary signals that are detected by 
the cellular sensor systems (e.i. PPARγ and RXR receptors) that influence gene expression, protein 
synthesis and metabolite production. 

• From this point of view genes are dietary targets.
• Patterns of gene expression, protein synthesis and metabolite production in response to particular 

nutrients can be considered as dietary signatures.
• Nutrigenomics seeks to examine these dietary signatures in specific cells, tissues and organisms and 

to understand how nutrition influences homeostasis. 
• Nutrigenomics aims also to identify the genes that influence the risk of diet-related diseases on a 

genome -wide scale and to understand the mechanisms that underlie these genetic predispositions. 

Muller M & Kersten S. (2003) Nature Reviews Genetics 4:315-322
https://www.ncbi.nlm.nih.gov/pubmed/12671662

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

G. Dedoussis - www.eevfa.gr/web/documents/Dedoussis_nutrigenetics.pdf
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Primer ejemplo de nutrientes que modulan la expresión génica
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Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal
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https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2

Fig. 2. Example of a direct nutrigenomic mechanism mediated by calcitriol. Modified from Nagpal et al. [30]. VDR 
vitamin D receptor, RXR retinoid X receptor, VDRE vitamin D response element.

The action of calcitriol, the vitamin D active form, represents an example of a direct nutrigenomic mechanism in 
which this molecule acts as a ligand for the nuclear receptor, the vitamin D receptor (VDR). Binding to this nuclear 

receptor causes vitamin D to associate with another protein, retinoid X receptor (RXR), which results in the formation 
of RXR-VDR heterodimer. In turn, this complex interacts with specific nucleotide sequences in the DNA, called 

vitamin D response element (VDRE). VDRE activation allows other transcription factors to bind to this complex, which 
then modulates transcriptional activity of target genes.

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2

Regarding indirect mechanisms that control gene expression, nutrients or food components activate signaling pathways, which in turn promote 
the translocation of specific transcription factors from the cytoplasm to the cell nucleus. Transcription factor binds to the promoter region of 
specific genes inducing gene transcription. Curcumin, a yellow pigment found in the rhizome of Curcuma longa and known as turmeric, represents 
an example of a food component that induces an indirect mechanism of gene expression regulation. Several studies have characterized the anti-
inflammatory actions of curcumin, combined with its antibacterial, antiviral, antifungal, and antitumoral effects. Curcumin modulates several in 
vitro molecular targets, including the NF-kB, and the expression of genes induced by this transcription factor, such as those encoding 
cyclooxygenase (COX)-2, inducible nitric oxide synthase (iNOS), vascular cell adhesion molecule 1 (VCAM-1), intracellular adhesion molecule 1 
(ICAM-1), TNF-α, interleukin (IL)-1, IL-6, IL-8, IL-12, and interferon gamma (IFN-γ). In addition, this molecule also inhibits the production of TNF-α 
induced by phorbol-12-myristate-13-acetate (PMA) and hydrogen peroxide. Thus, it has been suggested that the anti-inflammatory effects of 
curcumin may be attributed, in part, to its ability to trap reactive oxygen species radicals.

Fig. 3. Example of an indirect mechanism mediated by curcumin. Adapted from Aggarwal [38]. NF-kB nuclear factor-kappa B, IkB kappa B inhibitor, 
IKK IkB kinase, P phosphorylation, RNA P RNA polymerase, kB kB sites, VCAM-1 vascular cell adhesion molecule 1.

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2
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Numerous dietary components can alter genetic and events:

Essential Nutrients - Ca, Zn, Se, Folate, C, E, D, fat, carbohydrates, …

Non-Essential:

• Phytochemicals - Carotenoids, Flavonoids, Indoles, Isothiocyanates, Allyl Sulfur

• Zoochemicals - Conjugated linoleic acid, n-3 fatty acids

• Fungochemicals - Several compounds in mushrooms

• Bacteriochemical - Those formed from food fermentations and those resulting from intestinal flora

Ejemplos de nutrientes que modulan la expresión génica

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Transcription-factor pathways 
mediating nutrient-gene interaction

48

Muller M & Kersten S. (2003) Nature Reviews Genetics 4:315-322
https://www.ncbi.nlm.nih.gov/pubmed/12671662 - https://www.ncbi.nlm.nih.gov/pubmed/15506946
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49
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Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management 

of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729

Diet and Gene Expression 
Profiles

Certain nutrigenomic 
studies assessing gene 

expression profiles 
associated with 

nutritional interventions

50
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Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management 

of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729

Diet and Gene Expression 
Profiles

Nutrigenomic examples 
of interactions between 
dietary intakes and gene 

expression profiles 
involved in disease risk
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NUTRIGENÉTICA

• Estudia la influencia de las variaciones genéticas (POLIMORFISMOS) en 
la respuesta individual a la dieta, a los nutrientes. Por qué la población 
responde de manera diferente a la misma dieta.

• Objetivos:
 Identificación y caracterización de estos polimorfismos.
 Marcar recomendaciones dietéticas específicas (individuales) para 

conseguir la óptima salud:
 “Nutrición personalizada” según la constitución genética
 “Dieta a la carta”
(modulación de la susceptibilidad genética)

Los genes modulan el efecto de los nutrientes

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Nutrigenetics

A major contribution of the Human Genome Project was to lay the foundation that led to the discovery of millions of differences in the
nucleotide sequence of genes. The variants occurring in at least 1% of any distinct population are called polymorphic variants or
polymorphisms. A particularly common type of polymorphism is defined by the replacement of one nucleotide base with another, and
therefore called ‘single nucleotide polymorphism' (SNP). Some SNPs may affect the synthesis and function of proteins, and may therefore
alter nutritional requirements and nutrient metabolism, as well as playing important roles in an individual's risk of developing disease.

A further way in which genetic variations occur is through structural DNA changes that include insertions/deletions, translocations and
copy number variations (CNVs). CNVs explain about 1% of the genetic variation between two individuals. Some of them appear to play an
important role in human health through association with the risk of disease development and progression.

The discovery of diseases associated with genetic variants has provided a better understanding of nutrient/diet effects on human health
and disease, and has helped individuals to achieve customized nutritional treatments. One example of this is phenylketonuria (PKU), an
inborn error of metabolism caused by mutations in the gene that encodes the hepatic enzyme phenylalanine hydroxylase. Individuals
with PKU need to avoid foods rich in the amino acid phenylalanine. Another example is lactase persistence, which evolved a few
thousand years ago in response to the development of dairy farming. Carriers of variants associated with lactase persistence have their
lactase gene permanently ‘turned on' after weaning and can digest lactose even as adults. Lactose (milk sugar) is a disaccharide, made
from glucose and galactose. Therefore, the 70% of the global population, who do not have such genetic variants, are better off limiting
consumption of milk and other dairy products rich in lactose.

Recent studies investigating genetic variants associated with obesity risk or with resistance to weight loss in human populations have
helped clarify molecular mechanisms involved in obesity. One such example is the fat mass and obesity-associated (FTO) gene. The
minority (16%) of individuals with two copies of the common FTO variant (rs9939609) weigh around 3 kg more than noncarriers and have
a 1.67-fold increased risk of obesity. Variants in numerous other obesity candidate genes, such as peroxisome proliferator-activated
receptor, uncoupling proteins (UCP1 and UCP3), leptin receptor and melanocortin 4 receptor, can also affect weight gain or loss in
genetically predisposed subjects.
Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on Personalised Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www.karger.com/Article/FullText/445350
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Gillies, J Am Diet Assoc 2003;102:S50-S55

The principles of nutrigenetics follow naturally from those of pharmacogenetics

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Single nucleotide polymorphisms (SNPs) are small sequence differences within genes where the DNA sequences of many individuals 
vary by a single base; not all SNPs result in structural protein changes. For example, some people may have a chromosome with an A 

at a particular site where others have a chromosome with a G. SNPs occur in about 1% of the population.

Journal of the Academy of Nutrition and Dietetics 2014 114, 299-312DOI: (10.1016/j.jand.2013.12.001) 

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Los polimorfismos de un solo nucleótico (SNPs) son la principal fuente de variación 
genética y pueden determinar la respuesta individual a la dieta.
Su estudio puede contribuir a la definición de dietas óptimas
SNPs  6 millones en genoma humano

https://www.acecgtnutrigene.com/genomics.htm
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Fig. 1 Single nucleotide polymorphism: variations in nucleotides can occur all along the DNA sequence. Here, two examples of genotypes are illustrated: a in
the “common genotype” there is a codon GCT, which is transcribed into CGA in mRNA and encodes an arginine. b In the “variant genotype,” nucleotide C was
exchanged for an A. Codon GAT will be transcribed into CUA in mRNA, which encodes a leucine, promoting, therefore, a change in the translated protein.

SNPs are the most common type of variation in the human genome (about 90% of all variations) and refer to the replacement of only one nucleotide in a
certain DNA position. When the nucleotide exchange occurs in the coding region, it might promote a change in the structure and/or function of the translated
protein. Due to the genetic code degeneracy, when the exchange of nucleotide does not alter the amino acid, the SNP is known as “synonymous” or “silent”
because it does not change the translated protein (e.g., GUC → GUA, both encode a valine). When the change gives rise to a codon resulting in the translation
of a different amino acid, the SNP is known as “non-synonymous” or “missense” (e.g., UUA → UCA, the first encodes a leucine and the second, a serine). If the
nucleotide exchange results in a premature stop codon, the SNP will be known as “nonsense” (e.g., UAU → UAG, wherein the first encodes tyrosine and the
second is a stop codon). https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2
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Alfredo Martínez, NUGO Barcelona, 2015
http://www.nugo.org/wp-content/uploads/2015/10/NUGO-Barcelona-final.pdf

NUGO, http://www.nugo.org/member-organisations/

Genotipo (gen A, B, C, …)  
y ambiente
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Nutrigenetic analysis of SNPs within some CVD-related genes 

M Koziołkiewicz, 2011
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Proteínas
Metionina
sintetasa

FH4 Folato activo

Betaína Dimetilglicina
Betaína-homocisteína

metiltransferasa

Cistationina

Cisteína

Glutatión

Serina
B6

B6

5-CH3-FH4

5-10-Metilen-FH4

5-10-Metenil-FH4

10-Formil-FH4

FH4-Glun

Pirimidinas Purinas

Ciclo del 
folato

M
TH

FR

B12
CH3-B12

B6

Deficiencia vit B12:
Deficiencia funcional de folato

Gen de MTHFR

Serina

Glicina

Donante universal de grupos metilo:
Síntesis de lípidos, proteínas

Neurotransmisores, ….
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(Corella, 2007)

Gen de MTHFR 677CT

Cromosoma 1 (11 exones)

Exón 4, posición 677  polimorfismo de un solo nucleótido: cambio de C por T 
Cambio alanina por valina en posición 222 de MTHFR  termolábil, inestable  70% menos activa

 Homocisteína
 ECV
 Defectos de cierre del tubo neural

La ingesta de folato puede modular el riesgo genético 
de HHCY Se compensa con dietas ricas en folato

Forma homocigótica:
5% población general
17% pacientes con enf. Coronaria

Meta-analyses (2003) reported about 20% higher risk for degenerative
vascular disorders for the homozygous genotype (Herrmann y col., 2007)

Prototipo

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

(Corella, 2007)

Recomendar mayor consumo de 
ácido fólico a las personas con la 

mutación (sur de Europa)
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(Corella, 2007)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921111/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5102878/

(Corella, 2007)

Las recomendaciones 
dietéticas (grasa) tendrán que 
ser diferentes en el norte y en 

el sur de Europa

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

https://www.ucm.es/nutricioncarbajal
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921111/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5102878/
https://www.ucm.es/nutricioncarbajal


https://www.ucm.es/nutricioncarbajal/ 22/05/2018

A. Carbajal. F. Farmacia. UCM 30

http://www.oldwayspt.org/mediterranean-diet-pyramid

Programados 
genéticamente para ella

Menor morbi-mortalidad
Mayor esperanza de vida

Modelo de dieta 
prudente, saludable y 

sostenible.
“nutrición óptima”

16-nov-2010

A
B

C
D

E
F

G

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

68
Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

Genetic Background and 
Nutritional Prescriptions 
Nutrigenetic examples 

of SNPs-diet interactions 
involved in disease risk

Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management 

of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729
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Ramos-López y col., Guide for Current Nutrigenetic, Nutrigenomic, and Nutriepigenetic Approaches for Precision Nutrition Involving the Prevention and Management 

of Chronic Diseases Associated with Obesity. J Nutrigenet Nutrigenomics 2017;10:43-62 - https://www.karger.com/Article/FullText/477729

Genetic Background and 
Nutritional Prescriptions 
Certain nutrigenetic trials 

analyzing SNPs-diet 
interactions involved in 

the differential responses 
to nutritional 
interventions

EPIGENÉTICA
• Cambios heredables (potencialmente reversibles) en la expresión génica 

(fenotipo) que no van acompañados de cambios en la secuencia de ADN.

• Modificación por el entorno: edad, dieta, tabaco,…

Modificaciones epigenéticas
• Metilación de ADN
• Modificación de histonas:

• Acetilación
• Metilación

• Expresión de ARNs
reguladores

La composición de la dieta 
puede alterar la estructura 
del ADN: afecta a la expresión 
génica y al fenotipo (cambios 
epigenéticos). No cambia la 
secuencia del ADN.
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Modifican el fenotipo sin alterar el genotipo

“Diálogo entre el genoma 
y medio ambiente”

“The missing link between 
genetics, the environment and 

the outcome phenotypes”

https://www.karger.com/Article/FullText/358883 - https://www.sciencedirect.com/science/article/pii/S0370410615003265 - http://www.mdpi.com/1422-0067/17/9/1469/htm
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Epigenetics/Epigenomics

Epigenetic processes bring about reversible modifications in chromatin structure and DNA modification without altering the underlying
sequence. Epigenetic changes include DNA methylation and histone modification. Different classes of small noncoding RNAs (such as
microRNAs) or long noncoding RNAs have been proposed as key regulators of gene expression, chromatin remodeling and epigenetic
changes through multiple mechanism, showing a potential as biomarkers of human diseases. Additionally, external effects (including diet)
on the epigenome alter the expression of genes, providing a link between environment, nutrition and disease.
DNA methylation is the most widely studied form of epigenetic modification. One of numerous specific methyltransferases adds a methyl
group to the cytosine in the carbon 5′ position of a CpG dinucleotide (cytosine followed by a guanine). The added methyl group often
silences the gene by blocking the binding of transcription factors. In recent years, development of new technologies such as NGS has
allowed the detection of site-specific methylation patterns with great accuracy and led to the discovery of new types of epigenetic
modifications.
Histone modifications, consisting of acetylation, methylation, phosphorylation and ubiquitination, affect transcription through
compacting DNA. This process can activate or repress gene expression by controlling accessibility of genes to transcriptional regulators.
Epigenetics depends on the presence of enzymes and dietary nutrients, and can occur in a gene-specific or in a global manner. S-
adenosylmethionine (SAM) is the universal methyl donor for all methyltransferases that methylate DNA and histones. The availability of
SAM can be diminished under some circumstances by insufficient availability of folic acid, vitamin B12, vitamin B6, vitamin B2, choline,
betaine and methionine, both due to low intake and individual genetic vulnerabilities.

Some studies have shown a relationship between nutritional intake during pregnancy and changes in methylation patterns in rats.
Nutritional interventions in pregnancy and lactation such as energy restriction and excessive dietary fat can alter epigenetic
modifications. Other studies have shown that epigenetic modifications change the risk of inflammation, obesity and chronic diseases. A
study of obese men on a hypocaloric diet to lose weight found distinct differences in DNA methylation patterns between individuals with
high weight loss compared to those with little weight loss. Studies in diabetic individuals found associations between the secretion of
insulin and the DNA methylation pattern in the promoter region of the PCG-1A gene of pancreatic β-cells.

Guide and Position of the International Society of Nutrigenetics/Nutrigenomics on Personalised Nutrition: Part 1 - Fields of Precision Nutrition, 2016 -
https://www.karger.com/Article/FullText/445350

M Koziołkiewicz, 2011
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Epigenetics are the heritable changes not encoded in the DNA sequence itself, but that play an important role in the control 
of gene expression. Epigenetics is the process that regulates how and when genes are silenced and activated; epigenomics 
refers to the analysis of epigenetic changes in a cell. Diet can cause epigenetic changes that may turn certain genes on or off,
ultimately affecting cellular function and metabolism. One epigenetic mechanism is DNA methylation, which refers to the 
degree to which methyl groups are present or absent from certain regions of genes. Generally, hypomethylation allows gene 
expression to be activated; hypermethylation interferes with gene expression. Both hypomethylation or hypermethylation 
describe an aberrant scenario and the influence on a gene will depend on the specific genes, the time point, and the tissues.
https://jandonline.org/article/S2212-2672(13)01783-8/fulltext#sec3.4

The two main components of the epigenetic labeling
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https://nutrirejournal.biomedcentral.com/articles/10.1186/s41110-017-0033-2

Fig. 4 Overview of epigenetic mechanisms regulating gene expression. Dietary phytochemicals involved in DNA methylation patterns, 
histone modifications, and changes in microRNA expression.

The status of folic acid, vitamin B12, methionine, choline, and betaine appear to be the most important factor for the DNA 
methylation pattern, especially because these nutrients play a critical role in methyl groups’ availability and collectively regulate 
the one-carbon metabolism.
Another interesting example is calorie restriction, which if not accompanied by nutritional deficiencies, appears to be related to 
longevity. This effect may be partly mediated by modulation of epigenetic events, as it causes activation of the histone deacetylase 
sirtuin 1 (SIRT1). SIRT1 also induces deacetylation of histone associated to the FOXO1, FOXO3, and FOXO4 genes, which results in 
modulation of cell cycle, increased defenses against reactive oxygen species, and reduced apoptosis.
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F Serra, Universidad de las Islas Baleares 
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La nutrición personalizada a través de la epigenómica, Milagro y Martínez, 2015
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
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Ante la evidencia del papel que juegan los factores ambientales en el desarrollo de estas patologías, en los últimos anos 

se ha acuñado un nuevo termino, la nutriepigenómica, que permite ampliar los conceptos de nutrigenómica (cómo 

los nutrientes influyen en la expresión de los genes) y nutrigenética (cómo la secuencia genética condiciona la respuesta 
individual a determinados nutrientes) y que estudia los efectos de los nutrientes y los alimentos sobre la salud humana 
a través de las modificaciones epigenéticas. Estas modificaciones epigenéticas son cambios heredables en la función y 
expresión de los genes, que se producen sin alterar la secuencia primaria del ADN, es decir, sin asociarse a 
polimorfismos.
Esta aproximación ha demostrado que, si se producen desequilibrios nutricionales y alteraciones metabólicas durante 
determinados momentos críticos del desarrollo, las alteraciones epigenéticas resultantes pueden dar lugar a cambios 
permanentes en la expresión de determinados genes que afecten a la estructura o función los tejidos y órganos, 
predisponiendo así a la enfermedad.
Aunque esos cambios epigenéticos pueden ser heredables, hay tres conceptos que hacen muy interesante el estudio de 
la epigenética:
1) El primero es que los fenómenos epigenéticos parecen representar uno de los mecanismos principales por el que los 
factores dietéticos y ambientales pueden alterar la expresión de los genes y el metabolismo a largo plazo, explicando así
algunos problemas desarrollados en la edad adulta, cuyo origen procede de edades más tempranas o incluso en 
comportamientos atribuibles a los padres o abuelos.
2) El segundo es que las modificaciones epigenéticas son potencialmente reversibles, lo que abre la puerta a nuevas 
terapias dietéticas o farmacológicas enfocadas a su modificación, tanto en la infancia como en la edad adulta.
3) El tercero es que la detección precoz de esas marcas epigenéticas alteradas puede ayudar a un diagnóstico precoz de 
la enfermedad o, aun mejor, a una temprana actuación preventiva previa a su desarrollo. Esto último se representa en la 
Figura 1, junto con los demás tipos de biomarcadores que se están abordando en nutrición.
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La nutrición personalizada a través de la epigenómica, Milagro y Martínez, 2015
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/

http://www.mdpi.com/2072-6643/6/11/4706/htm
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https://www.sciencedirect.com/science/article/pii/S0955286317309373?sf186401414=1

The methylation process is strongly dependent on the availability of methyl group donors during pregnancy and through life via the one-carbon
metabolism (folate) pathway (Fig. 1D). The availability of methyl groups is associated with a folate-rich diet (i.e., green leaves,
asparagus, beans, lentils, peas, liver, etc.) and to supplementation of folic acid during pregnancy, together with the availability
of B6 and B12 vitamins. Methylenetetrahydrofolate reductase (MTHFR) catalyzes the transfer of a methyl group to folate, leading to 5-methyl
tetrahydrofolate and finally to homocysteine which is then converted into methionine by 5-methyltetrahydrofolate-homocysteine
methyltransferase (MTR). For this step, the presence of B12 is necessary, and because it is present only in animal food (i.e., meat, fish, eggs), in
vegans, a synthetic one can be taken orally through sublingual treatment to avoid its hydrolysis by the liver. Methionine adenosyltransferase
(MAT) catalyzes the synthesis of S-adenosylmethionine (SAM), which is the key factor for methylation, because DNMTs employ its
methyl groups to methylate DNA. Alcohol intake, for example, can interfere with SAM synthesis and for this reason should be avoided during
pregnancy and breast-feeding, likewise deficits of folic acid and folate from food (Fig. 1D).

Fig. 1. Simplified folate pathway and connection with
DNA/histone methylation. (A) Cytosine methylation
hampers gene expression by limiting binding of TFs and 
RNA polymerases. (B) Gene expression controlled by
methylation of regulatory regions. (C) Methyl groups from
the folate pathway are used by histone
methyltransferases (HMTs) for modifying chromatin
structure and finally regulating gene expression. (D) 
Simplified folate pathway leading to methyl groups useful
for DNA and histone methylation. TFs: transcription
factors; MTHFR: methylenetetrahydrofolate reductase; 
MTR: 5-methyltetrahydrofolate-homocysteine 
methyltransferase; MAT: methionine adenosyltransferase; 
en: enhancer; act: activator; si: silencer.
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Children wait to be fed during the Dutch Hongerwinter of 1944–1945
Ahmed F. Epigenetics: Tales of adversity. Nature. 468 (Supplement 1):S20, 2010.

https://www.nature.com/articles/468S20a

HambrunasRaíces transgeneracionales de 
la enfermedad crónica
• Epigenética
• Programación fetal
• Crecimiento compensatorio
• Nutrición materna
• Nutrición fetal
• Thrifty genotype
• Thrifty phenotype
• Thrifty epigenotype.
• Hipótesis de Barker y Lucas

Por qué la dieta de la madre durante el 
embarazo puede afectar a la salud del hijo

Ángeles Carbajal Azcona. Dpto de Nutrición y Ciencia de los Alimentos. Fac. Farmacia. Universidad Complutense de Madrid. https://www.ucm.es/nutricioncarbajal

The Great Chinese Famine, 1958-1961
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0049720
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Hongerwinter 1944

• German’s blocked food to the Dutch in the winter of 1944.

• Calorie consumption dropped from 2,000 to 500 per day for 

4.5 million.

• Children born or raised in this time were small, short in 

stature and had many diseases including, edema, anemia, 

diabetes and depression.

• The Dutch Famine Birth Cohort study showed that women 

living during this time had children 20-30 years later with the 

same problems despite being conceived and born during a 

normal dietary state.

https://www.atherosclerosis-journal.com/article/S0021-9150(17)31270-4/fulltext
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https://es.coursera.org/learn/epigenetics/lecture/GKOzq/5-4-the-dutch-famine-human-epidemiological-studies-and-the-developmental-origins

F Serra, Universidad de las Islas Baleares 

el periodo perinatal es una
ventana temporal 
importante para la 

modulación epigenética
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La nutrición personalizada a través de la epigenómica, Milagro y Martínez, 2015
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
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Herencia epigenética

Hasta no hace mucho, se estimaba que las marcas epigenómicas se suprimen en el periodo embrionario y se 
reconstruyen desde cero. Sin embargo ahora se admite que algunas marcas epigenéticas permanecen en su lugar y 
pasan a la siguiente generación, como la información genética, en un proceso llamado herencia epigenética. Por 
ejemplo, algunas de las conclusiones obtenidas en el estudio epidemiológico Överkalix, el nombre de una localidad del 
norte de Suecia de la que hay registro de la mayor o menor disponibilidad de alimentos durante el siglo XIX, solo se 
pueden explicar a partir de la herencia epigenética transgeneracional (Bygren, 2014). Así, cuando la abuela paterna vivió, 
hasta la pubertad, varios cambios bruscos (de un año para otro) en el suministro de alimentos, las hijas de sus hijos 
tenían un riesgo mucho mayor de mortalidad cardiovascular.

Otros resultados proceden del Invierno del Hambre holandés (Hongerwinter) de 1944-45. En este estudio, como era 
esperable, los hijos de las mujeres que estaban embarazadas durante la hambruna eran más pequeños. Sin embargo, 
cuando estos niños crecían y tenían sus propios hijos, esos niños también eran, sorprendentemente, más pequeños que 
la media (Painter, 2008). Estos datos sugieren que la hambruna experimentada por las madres causaba algún tipo de 
cambio epigenético que se transmitía a la siguiente generación. Este estudio sugiere que algunas marcas epigenéticas se 
mantienen mucho tiempo después y pueden estar implicadas directamente en el aumento del riesgo a desarrollar 
enfermedad. Así, los individuos que resultaron expuestos a la hambruna en su época fetal presentaban, seis décadas más 
tarde, menor metilación en el gen (imprinted) IGF2 (factor de crecimiento insulínico tipo 2) que sus hermanos del mismo 
sexo no expuestos a la hambruna (Heijmans, 2008). Y los efectos fueron más claros cuando la hambruna ocurrió en la 
época periconcepcional y los tres primeros meses de gestación.

https://www.sciencedirect.com/science/article/pii/S037041061630122X
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Hipermetilación del ADN y su asociación con la obesidad. 
Genes cuyo nivel de metilación se relaciona de manera negativa 

(panel izquierdo) o positiva (panel derecho) con el IMC o la presencia 
de obesidad.

http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
http://www.publicacionescajamar.es/publicaciones-periodicas/mediterraneo-economico/mediterraneo-economico-27-nutricion-y-salud/740/
https://www.ucm.es/nutricioncarbajal
https://www.sciencedirect.com/science/article/pii/S037041061630122X
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Diet and Epigenetic 
Signatures

Nutriepigenetic examples 
of interactions between 

dietary intakes and 
epigenetic modifications 
involved in disease risk
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Diet and Epigenetic 
Signatures

Certain nutriepigenetic
studies evaluating 

epigenetic modifications 
related to diverse 

nutritional interventions

https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/477729
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Major 
challenges of 
personalized 

nutrition

Limitaciones actuales:
- Falta de resultados robustos y reproducibles,
- Alto coste de tecnologías ómicas y aspectos 

metodológicos en el diseño,
- Análisis e interpretación de datos (Big-data)

http://www.mdpi.com/2072-6643/7/2/922/htm
https://www.ucm.es/nutricioncarbajal
https://www.ucm.es/nutricioncarbajal
https://www.karger.com/Article/FullText/477729
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Consideraciones éticas

Bueno o malo?

• Bueno …

– Prevenir y tratar enfermedades

– Podemos cuidar mejor de la 
salud.

– Puede ser un marcador 
temprano de enfermedad.

• Algunos suplementos y 
alimentos especiales pueden 
contribuir a mejorar la salud. 

• Malo …

– Podemos despreocuparnos de 
cambiar.

– Puede crear una sensación de 
fatalismo.

• Sólo la población con recursos podrá 
acceder a ello. Creará desigualdad.

• Compañías de seguros!!

• (Etiquetado, ej. “susceptible a 
enfermedad”).

• Riesgo de estafa.
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• Coste
• Interpretación, ..

• Ethical, Legal, and Social Issues

https://jandonline.org/article/S2212-2672(13)01783-8/fulltext
https://www.karger.com/Article/FullText/446347

Diabetes Care 2013 May; 36(5): 1413-1421. https://doi.org/10.2337/dc12-2211
http://care.diabetesjournals.org/content/36/5/1413

https://www.ucm.es/nutricioncarbajal
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https://jandonline.org/article/S2212-2672(13)01783-8/fulltext
https://www.karger.com/Article/FullText/446347
https://doi.org/10.2337/dc12-2211
http://care.diabetesjournals.org/content/36/5/1413
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El Mercado …
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https://www.gao.gov/products/GAO-06-977T

• No nos dejemos engañar por los productos del 
mercado que prometen milagros.

• Todavía una ciencia muy joven.

Genómica nutricional
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1940s

1992 2005

¿Podemos 
personalizar 

las 

pirámides?
Genética

(modificado de Corella, 2007)

Estilo de vida

2011
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“Our challenge is to persuade children to tell their parents to eat as Mediterraneans do” 
(Keys, 1995)

“Deja que sea tu alimento tu mejor medicina”
Aforismos Hipocráticos (460-377aC)
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https://ich.unesco.org/es/rl/la-dieta-mediterranea-00884

https://www.ucm.es/nutricioncarbajal
https://www.ucm.es/nutricioncarbajal
https://ich.unesco.org/es/rl/la-dieta-mediterranea-00884

