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La inversión en las etapas precoces de la 
vida es una Inversión Inteligente

Cuanto más precoz sea la inversión, 
mayor retorno a la sociedad

Fuente: James Heckman, Premio Nobel de Economía  

“La familia en la que el niño nace 
juega un poderoso papel en 

determinar sus oportunidades 
a lo largo de su vida…

Algunos niños son 
agraciados con la 

lotería al nacer, 
pero muchos no; 
la mayoría de la 

gente tiene  
dificultades para 

ponerse al dia 
durante el resto 
de sus vidas”.

Programas prenatales

Programas centrados del nacimiento a los tres años

Programas en la etapa prescolar

Programas escolares

Formación 
profesional
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Prenatal Escolar

Leamos la frase de James Heckman y veamos cómo cuando la sociedad invierte  
en las etapas más precoces de la vida (incluida la preconcpecional) se devuelve la inversión con 

creces medida en “Capital Humano”.
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Genes

Ambiente

+ Fenotipo

Enfs. raras 
Teratógenos 

Autismo 
Asma 

Cardiopatías 
Obesidad 

etcMecanismos epigenéticos

Los seres vivos estamos dirigidos por:



UK Biobank

Almacena sangre, 
orina y saliva de más 
de 500.000 personas 

mantenidas a 
-80 grados

El avance de la ciencia con la 
Genética, Genómica 

y Proteómica, es una revolución 
incluso mayor de lo que supuso la 

radiología. 

Los datos obtenidos de la genética, 
que ocupan en la nube más que los 
videos del youtube, precisan - para 

su interpretación los datos 
obtenidos en la clínica.

De este modo todos los 
profesionales que trabajamos 

con los pacientes: clínicos 
 (Médicos, Psicólogos, 

Fisioterapeutas, Logopedas, 
Maestros…somos piezas 

capital para su interpretación. 
Los datos genéticos aislados son  

difíciles de interpretar, pero hay que 
traducir los datos clínicos un 

lenguaje común: 
Human Phenotype Ontology

https://hpo.jax.org/app/

https://hpo.jax.org/app/


http://www.fdna.com/about-us/

FOCUS | LETTERSNATURE MEDICINE

unaffected from affected individuals or distinguishing one specific 
syndrome from several others. We performed two binary experi-
ments of the latter type.

The model was trained using 614 Cornelia de Lange syndrome 
(CdLS) images as positive cohort, and 1079 other images as nega-
tive cohort. The test sets contained 23 images of CdLS and nine of 
non-CdLS patients4 (Supplementary Table 3). DeepGestalt achieved 
an accuracy of 96.88% (95% CI, 90.62–100%), sensitivity of 95.67% 
(95% CI, 87–100%) and specificity of 100% (95% CI, 100–100%) 
(for all binary experiments, accuracy is top-1 accuracy). We com-
pared this result with previous studies on the same test set (Table 1). 
Basel-Vanagaite et al.4 reported an accuracy of 87% and compared 
their method’s performance with that of Rohatgi et al.18, where the 

same images were assessed by 65 experts, achieving 75% accuracy. 
We measured statistical significance using the population propor-
tions test and calculated P values of 0.01 and 0.22 for the results 
of DeepGestalt and Basel-Vanagaite et al.4, respectively, versus the 
baseline of Rohatgi et al.18.

For a binary experiment on distinguishing patients with 
Angelman syndrome from other syndromes, the model was 
trained on 766 Angelman syndrome images as positive cohort 
and 2,669 images as negative cohort. In a survey by Bird et al.19, 20 
dysmorphologists examined 25 patient images for Angelman syn-
drome. The test set included 10 patients with Angelman syndrome 
and 15 with other syndromes (Supplementary Table 4). Bird et al.19  
reported an accuracy of 71% (range, 56− 92%), sensitivity of 
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Fig. 1 | DeepGestalt: high-level flow and network architecture. a, A new input image is first preprocessed to achieve face detection, landmarks detection 
and alignment. After preprocessing, the input image is cropped into facial regions. Each region is fed into a DCNN to obtain a softmax vector indicating its 
correspondence to each syndrome in the model. The output vectors of all regional DCNNs are then aggregated and sorted to obtain the final ranked list of 
genetic syndromes. The histogram on the right-hand side represents DeepGestalt’s output syndromes, sorted by the aggregated similarity score. b, The 
DCNN architecture of DeepGestalt. A snapshot of an image passing through the network. The network consists of ten convolutional layers, and all but 
the last are followed by batch normalization and a rectified linear unit (ReLU). After each pair of convolutional (CONV) layers, a pooling layer is applied 
(maximum pooling after the first four pairs and average pooling after the fifth pair). This is then followed by a fully connected layer with dropout (0.5) and 
a softmax layer. A sample feature map is shown after each pooling layer. It is interesting to compare the low-level features of the first layers with respect 
to the high-level features of the final layers; the latter identify more complex features in the input image, and distinctive facial traits tend to emerge while 
identity-related features disappear. The photograph is published with parental consent.
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La complejidad de los datos Genéticos obliga a mejorar los datos clínicos
Un ejemplo es el uso de Inteligencia artificial para el análisis del fenotipo facial

Publicado en Nature Medicine 
el 7 de Enero 2019

Parte del equipo FDNA 2017
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Next	Generation	Phenotyping:	 
	Application	of	Artificial	intelligence	in	the	evaluation	of	rare	
genetic	disorders	

Where	are	we	
are:

El uso de la Inteligencia Artificial facilita  
el análisis de los datos clínicos de una forma exhaustiva 
facilitando el estudio de enfermedades raras



www.fdna.com

http://www.fdna.com


Para entender al ser humano debemos conocer a nuestros ancestros.  
El primer sentido en los seres con vida más simples era la quimiotaxis (olfato en 

nuestro caso).

La célula con sus organelas, 
entre ellas la mitocondria, fue como un virus 

“extranjero” que vino, se “adaptó” 
a la cultura de la célula y se fusionó 
de una manera que ahora es el lugar  

más importante , en cuanto a  
generación de energía para 

la célula: la generosidad tiene su recompensa. 
El respeto y adaptación a la cultura que te 

acoje es fundamental.



El olfato y la reproducción están vinculados

El recién nacido diferencia el olor de la leche de su madre, en la vida ciertos  
momentos decisivos tiene raíces en nuestra biología

La química de la atracción 
tiene su base biológica

La biología en el humano  
se sublima por mecanismos 

más complejos, pero siempre subyace  
una base biológica que debemos tener en cuenta



No es de extrañar que para entender al ser humano, tengamos en cuenta 
nuestras raíces de animales evolucionados, aunque el salto a la razón 

sea un enigma. 
Desmond Morris se ha pasado toda su vida estudiando el comportamiento 

humano desde la faceta de la etología. 
www.desmond-morris.com

http://www.desmond-morris.com


Laura Flores-Sarnat

Harvey B. Sanat

Nuestra mente es ese gran enigma: Harvey se ha pasado toda su vida, estudiando 
la estructura cerebral humana, buscando respuestas a problemas del niño enfermo. Le 

ha acompañado su mujer, un gran equipo.

La gastrulación: el momento 
más importante para el desarrollo 

de nuestro sistema nervioso: a los 15 dias de 
la fecundación, cuando la mujer, ni el esposo 

conocen su estado, de ahí el cuidarse hombre y mujer  
en toda su etapa fértil. Si queremos que el bebé nazca sano.



“Cerebro dañado: cerebro alterado”:Profesor Emérito de Anatomía Patológica y 
Pediatría. Dartmouth. Hanover. New Hampshire. EEUU.

“La diferencia entre el cerebro del chimpancé y el humano: Tenemos una capa de 
más el estrato piramidal: el VI, es una capa donde se desarrollan las capacidades 

superiores del ser humano y se desarrolla generalmente postnatalmente”

Miguel Marín-Padilla, nacido en 
Jumilla y dedicado toda su vida a 

conocer en cerebro del feto,  
del recién nacido y del niño



Fetus Young OldChild Mature

IMPACT OF 
ENVIRONMENT 

BIOLOGIC-PROGRAMMING-AND-AGE

OPPORTUNITY  FOR 
CORRECTION

PROGRAMACIÓN BIOLÓGICA Y ETAPAS DE EDAD

IMPACTO 
DELETÉREO

DEL AMBIENTE

POSIBILIDAD DE
CORRECCIÓN

VIDA
FETAL

LACTANTE NIÑO Y
ADOLESCENTE

ADULTO ANCIANO

Cuanto más pronto prevengamos el daño o lo tratemos  
más podemos prevenir o corregir.



EL AMBIENTE INFLUYE EN LA EXPRESIÓN 
DE LOS GENES

ejemplo de epigenética

No somos lo que heredamos (genoma), 
somos lo que expresamos (epigenoma).

Michael Meaney

Montreal

http://learn.genetics.utah.edu/content/epigenetics/rats/


Concordancia con los Humanos
• Nature Neuroscience 12, 342 - 348 (2009)
Published online: 22 February 2009 | doi:10.1038/nn.2270

Epigenetic regulation of the
glucocorticoid receptor in human brain
associates with childhood abuse
Patrick O McGowan1,2, Aya Sasaki1,2, Ana C D'Alessio3, Sergiy Dymov3, Benoit Labonté1,4, Moshe Szyf2,3, Gustavo
Turecki1,4 & Michael J Meaney1,2,5
Abstract
Maternal care influences hypothalamic-pituitary-adrenal (HPA) function in the rat through epigenetic
programming of glucocorticoid receptor expression. In humans, childhood abuse alters HPA stress responses
and increases the risk of suicide. We examined epigenetic differences in a neuron-specific glucocorticoid
receptor (NR3C1) promoter between postmortem hippocampus obtained from suicide victims with a history of
childhood abuse and those from either suicide victims with no childhood abuse or controls. We found
decreased levels of glucocorticoid receptor mRNA, as well as mRNA transcripts bearing the glucocorticoid
receptor 1F splice variant and increased cytosine methylation of an NR3C1 promoter. Patch-methylated NR3C1
promoter constructs that mimicked the methylation state in samples from abused suicide victims showed
decreased NGFI-A transcription factor binding and NGFI-A–inducible gene transcription. These findings
translate previous results from rat to humans and suggest a common effect of parental care on the epigenetic

Figure 2.
Methylation of the NR3C1 promoter in the hippocampus. Twenty clones were sequenced for
each subject for methylation mapping. (a) Mean ± s.e.m. percentage of methylated clones
for suicide victims with a history of childhood abuse (n = 12), suicide victims without a
history of childhood abuse (n = 12) and controls (n = 12). The methylation percentage was
calculated as the number of clones with at least one methylated CpG site divided by the total
number of clones (* indicates P ≤ 0.05; n.s. indicates not statistically significant). (b)
Methylation of the NR3C1 promoter region, showing the frequency of methylation observed
at each CpG site for suicide victims with a history of childhood abuse, suicide victims with
no history of childhood abuse and control subjects (*P < 0.05, **P < 0.001, abused suicides
versus controls; &P < 0.05, &&P < 0.001, non-abused suicides versus controls; #P < 0.05, ##P
< 0.001, abused suicides versus non-abused suicides; Bonferroni post hoc comparisons).

McGowan et al. Page 14

Nat Neurosci. Author manuscript; available in PMC 2010 September 23.
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La regulación epigenética de los receptores 
de cortisol en el cerebro humano se asocia 

con el maltrato infantil 

Los cuidados maternos influencian la función del eje hipotálamo-hiposario en la rata a través de 
la programación epigenética de la expresión del receptor de cortisol. El los humanos, el maltrato 
infantil altera este respuesta e incrementa el riesgo de suicidio. En este trabajo examinamos las 
diferencias epigenéticas del promotor del receptor de cortisol (NR3C1) analizados en hipocampos 
de personas fallecidas con historia de maltrato infantil que murieron de suicidio, otro grupo de  
personas que se suicidaron pero que no padecieron maltrato infantil y otro grupo control que  
murió de otras causas (accidente, cáncer,…). Encontramos niveles disminuidos de receptores de 
ARN mensajero, así como la transcripción del ARN mensajero, etc. Estos hallazgos en humanos  
son los mismos de los resultados previos en los experimentos en ratas y sugieren un efecto 
epigenético común de los cuidados de la madre y el padre . 

Teniendo en cuenta este mecanismo  
epigenético, se pueden prevenir o mejorar muchos 

trastornos del neurodesarrollo y trastornos 
de la conducta humana, entre ellos el suicidio.
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Familia Comunidad y Sociedad

Cuidados maternos

Expresión de genes específicos 
en regiones cerebrales

Conducta Materna Respuesta al stress

Transmisión a través de 
generaciones

Dar el pecho

Lectura 
compartida 

desde los seis 
meses de vida 
transmitiendo 

valores

La gran noticia: Los 
cuidados de la madre, el 

padre y resto de la familia 
equilibra al bebé y 
lactante guiará su 

desarrollo toda su vida y 
se lo transmitirá a sus 

hijos e hijas.



Salvador Martínez

Prenatal Postnatal

En el Instituo de Neurociencias de Alicante 
el equipo de Salvador Martínez esta haciendo 

importantes aportaciones al conocimiento del desarrollo 
cerebral en el humano
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M. Martínez-Morga, et al

pues, que la patogenia de anomalías en la función 
mental puede deberse a factores tanto genéticos co-
mo mecanismos epigenéticos, de forma aislada o 
combinada (Fig. 2). 

Una alteración epigenética es cualquier cambio 
en la función de genes no asociados con variación 
de su secuencia de nucleótidos (ADN), que pueden 
o no ser heredables. Aunque a menudo se limitan a 
modificaciones de la cromatina que envuelve a los 
genes para ser expresados o reprimidos, los meca-
nismos epigenéticos también incluyen el control de 
la expresión por ARN no codificantes y micro-ARN 
(que modifican el procesamiento del ARN mensa-
jero y su traducción a proteínas). Cada día es más 
evidente que los procesos epigenéticos son muy im-
portantes en el control funcional del cerebro y per-
miten una regulación dinámica, tanto en las neuro-
nas en desarrollo como en los circuitos funcionales, 
en respuesta a las características ambientales. Así, 
en las neuronas maduras, los factores epigenéticos 
son críticos para los procesos de plasticidad sináp-
tica. Esta plasticidad es dependiente de la función y 
se refiere a estímulos externos o internos con capa-
cidad para producir cambios estables en las conexio-
nes, cuya consecuencia es la posibilidad de adaptar 

el comportamiento a nuevas circunstancias ambien-
tales [25,26].

En los seres humanos, el proceso de maduración 
del cerebro continúa en la adolescencia (Fig. 2); por 
lo tanto, tenemos un largo período de inmadurez 
cerebral donde la influencia de la epigenética es re-
levante para el desarrollo de enfermedades mentales 
[27]. Los mecanismos epigenéticos que contribuyen 
a déficits en la función neural incluyen la inestabili-
dad en repeticiones de trinucleótidos o la impresión 
e inactivación cromosómica (caso del cromosoma 
X), el síndrome de Rett (causado por mutaciones en 
la metilación de ADN que codifica la proteína de 
unión MECP2), el síndrome de Rubinstein-Taybi (cau-
sado por mutaciones en la histona acetiltransferasa 
CBP) y el síndrome de Coffin-Lowry (causado por 
mutaciones en la histona fosforilasa [28]).

Plasticidad neural como mecanismo común  
en los trastornos del neurodesarrollo

La plasticidad neuronal se puede definir como la 
capacidad de una neurona o red neuronal para mo-
dificarse funcional o estructuralmente en respuesta 
a los cambios de su actividad. Durante el período 
posnatal, en la infancia y la adolescencia, la plastici-
dad neural es un mecanismo importante en el desa-
rrollo y el refinamiento de circuitos. Las espinas 
son diminutas protuberancias dendríticas donde se 
producen las sinapsis excitadoras. En trastornos del 
sistema nervioso, el mal funcionamiento de la plas-
ticidad conduce a la morfología aberrante (caso del 
síndrome X frágil) o a la alteración en el número de 
espinas dendríticas (caso del síndrome de Down). 

Sinapsis y discapacidad intelectual

Las sinapsis son las unidades básicas de la conecti-
vidad entre neuronas y del intercambio de informa-
ción en el cerebro. La transmisión sináptica requie-
re la función coordinada de estructuras altamente 
especializadas a ambos lados de la hendidura sináp-
tica. Si tenemos en cuenta que una neurona típica 
puede contener de 1.000 a 10.000 sinapsis, que cada 
sinapsis contiene más de 1.000 componentes de las 
proteínas [29], y que las redes neuronales regularán 
los resultados del comportamiento de una manera 
dinámica, se hace evidente que la sinaptogenia es 
un proceso altamente sensible a efectos positivos 
(plasticidad adaptativa) y negativos (toxicidad y de-
terioro en las conexiones). Los complejos de multi-
proteicos de las sinapsis median la plasticidad si-
náptica y los cambios dinámicos que ocurren du-

Figura 2. Cronograma del desarrollo cerebral pre y posnatal. a) Representación gráfica a lo largo del 
tiempo (eje horizontal) de los principales procesos del desarrollo cerebral en forma de columnas som-
breadas; los efectos de las potenciales alteraciones de estos procesos (descritos en la parte superior) 
están representados por una flecha en la parte alta del esquema; b) Reconstrucción morfológica del 
cerebro en los diferentes estadios del desarrollo prenatal y secciones horizontales de resonancia magné-
tica en diferentes edades posnatales; c) Imagen de embriones y niños en los correspondientes estadios 
de desarrollo. 

a

b

c

Marta Martínez-Morga y Salvador Martínez. Rev. Neurología 2016

Importancia del desarrollo cerebral prenatal y de los primeros años



Los genes son decisivos sobre todo en las etapas prenatales y lactancia, 
pero se modulan en gran manera con el ambiente



Reportaje en National Geographic Enero 2015. Por Yudhijit Bhattachajee. Fotos de Lynn Johnson

Los gemelos Felix y Viva de siete meses y medio, se empapan de imágenes y sonidos, pero  
lo que más les gusta es ver la cara de los humanos que le rodean.

El cerebro infantil 
necesita amor 

para desarrollarse.

Lo que ocurre

El 
Primer 

Año

es fundamental



National Scientific Council of Developing Child

Niños con gran abandono disminuye su actividad cerebral 

Niños  
en horfanatos

Niños 
que nunca 
estuvieron 

en horfanatos

Los estudios realizados con 
magnetoencefalografía, están 

dando luz a muchas incógnitas de la 
función cerebral 

Se esta empezando a conocer 
lo que los poetas y escritores del 

romanticismo  
describieron como 

“la apertura celestial de la mente infantil”

Patricia Khul



La prueba de que su madre ponga cara indiferente.

https://www.youtube.com/watch?v=apzXGEbZht0

La gran importancia de la relación íntima social de la madre con su bebé, 
se pone en evidencia en esta experiencia.

En casi todos los idiomas, la palabra madre se traduce por “ma-ma”, 
en los momentos de necesidad emocional se requiere a la madre, el llanto 

se inicia por un maa… 
En casi todos los idiomas, la palabra padre se traduce por un 

“pa-pa” ó “da-di”… el padre es la persona que, una vez se vincula socialmente  
a su madre, le va a introducir en el mundo del juego y el riesgo. 

Hay trabajo para todos…. 

https://www.youtube.com/watch?v=apzXGEbZht0


Reportaje en National Geographic Enero 2015. Por Yudhijit Bhattachajee. Fotos de Lynn Johnson

Sentirse querido, buenos cuidados, hablarle, abrazarle…el cariño es lo fundamental



Reportaje en National Geographic Enero 2015. Por Yudhijit Bhattachajee. Fotos de Lynn Johnson

El padre una pieza fundamental en la socialización de los niños.



En una escuela Waldorf, unos niños juegan con pacas de paja, bajo supervisión de sus  
maestros. El juego libre es esencial para e desarrollo físico, cognitivo, lingüístico y 

social de los niños pequeños

Una aula en una escuela Waldorf



El Proyecto de Promocionar la lectura compartida en voz alta 
por parte de la madre, el padre y los abuelos, desde los seis meses de 
vida en adelante, sobre todo antes de la escolarización, supone una 

herramienta muy potente para la creación de lazos sociales y de amor, mejora sus 
capacidades verbales y de lectura posterior. Ayuda al aprendizaje posterior.

Se basa en potenciar, 
dentro de las visitas 

del niño sano  
en los Centros de Salud, 

dicha actividad. 
En nuestro Departamento 

de Salud lo estamos 
implementando

Se ha demostrado 
eficaz en muchos 

países



No hay nada más educativo que la lectura de cuentos y libros, por su madre 
padre o abuelos, desde los seis meses de vida en adelante.

¿Un momento mágico?: al irse a la cama



Consigamos que a todos los niños, les toque la lotería al nacer: una familia que los ame.



Hacia el Tratamiento de 
los trastornos del 
Neurodesarrollo

Buscando los mecanismos Neurobiológicos



El neurodesarrollo es un proceso dinámico y continuo 

inicia justo tras la concepción y tiene lugar rápidamente en el embarazo,  
toda la infancia, continúa en la adolescencia, 
se lentifica en el inicio de la adultez 
se deteriora con la edad. 

Este proceso es dirigido por las órdenes de los genes 
regulados por señales epigenéticas 
los genes interactúan con el  
ambiente para crear las bases que se fundamentan lo que somos. 

Neurodesarrollo

Ambiente

Genes

+ = Fenotipo





Los genes son decisivos sobre todo en las etapas prenatales y lactancia, 
pero se modulan en gran manera con el ambiente



Elementos básicos del neurodesarrollo

• Sinaptogénesis.


• Mielinización.


• Epigenética.



Los elementos claves en el Neurodesarrollo

Síntomas 

Cognición

Estructura y Función del Sistema Nervioso
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Procesos fisiológicos

Modulación celular

mRNA

DNA
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La interacción genes - ambiente
Tomado de Randi J Hagerman. Treatment of Developmental Disorders



• Nivel 4: Intervenciones conductuales, 

• Nivel 3 a 4: Terapia ocupacional, fisioterapia, logopedia, terapia cognitivo-conductual. 

• Nivel 3: farmacoterapia. 

• Nivel 2:  

• Aproximación biomédica:  

• Metilación: Metilcobalamina, ácido folínico. 

• Aproximación nutrición celular: 

• omega 3 

• micronutrientes a dosis altas 

• antioxidantes contra el stress oxidativo, inflamación o función inmune. 

• Nivel 1: modificación genética.

Síntomas 

Cognición

Estructura y Función del Sistema Nervioso

Neuromoduladores

Procesos fisiológicos

Modulación celular

mRNA

DNA



Objetivos del tratamiento

Tomado de Randi J Hagerman. Treatment of Developmental Disorders



Algunos Retos de la Biomedicina

• Investigación en epigenética.


• Poder influir en los mecanismos de expresión genética 
para modificar los trastornos genéticos.


• Mejor valoración clínica del neurodesarrollo.


• Conocer mejor las manifestciones iniciales de muchos 
trastornos para actuar lo más tempranamente posible.



CONOCER los mecanismos que facilitan el envejecimiento 
puede ayudar a hacer reversibles trastornos degenerativos



La Medicina occidental esta haciendo frente a muchas 
enfermedades degenerativas donde  la solución es el cambio 

de paradigma y convertirse el sanitario en agente de promoción de salud,  
mediante la enseñanza para cambios en el tipo de vida





ETAPAS DEL DESARROLLO 
HUMANO

1. PRECONCEPCIONAL.
2. CONCEPCIÓN Y EMBARAZO
3. NACIMIENTO
4. PRIMER AÑO DE VIDA
5. INFANCIA
6. ADOLESCENCIA
7. ETAPA ADULTA



ETAPA 
PRECONCEPCIONAL

Ser padres es algo 
que comienza 

antes de la concepción



deficiency is convincing, because embryos from
mice fed a zinc-deficient diet for just 5 days
before conception generated smaller fetuses prone
to neural tube defects even after embryo transfer
(29), and methylation of histones and chromatin
was decreased in oocytes and retained in the ma-
ternal pronucleus after fertilization (30). Increased
oocyte lipid content and cellular stress are also
evident in mouse studies showing poor embryo
and fetal development after maternal precon-
ception diabetes or obesity (31, 32).
Maternal nutritional influences on oocyte

mitochondria are emerging as a pathway of lasting
consequence to offspring (33). Embryogenesis is an
energy-demanding process, and oocyte-derived
mitochondria are required to support blastocyst
formation (34). Alterations in maternal dietary
protein affect mitochondrial localization and
dampen mitochondrial activity in two-cell em-
bryos (35) associated with later disturbances to
fetal brain gene expression (36 ). In diabetic or
obese mice, oocyte mitochondria fail to support
normal embryo development (31, 32). Promis-
ingly, these defects are modifiable by diet—oocyte
quality, mitochondrial function, and fertility in
aged mice can be restored by caloric restriction
(37) or an omega-3–enriched diet (38).

Paternal programming—a
new consideration

Paternal smoking, age, and occupational chem-
ical exposure are well known to be linked with
increased risk of cancer and neurological disor-
ders in children (39, 40). It is less well appre-
ciated that the father’s body mass has a greater
impact than the mother’s on body fat and meta-
bolic measures in prepubertal children (41). As
well as sperm DNA damage, in some instances
there is accumulating evidence for pathways of
paternal transgenerational epigenetic effects, at-
tributable to sperm and seminal fluid (42, 43).
Interest in paternal epigenetic contributions stems

from human epidemiological studies, relating a
grandfather’s food availability to mortality in
grandsons (44) and associating paternal smok-
ing with increased body mass index in male
children (44). Paternal obesity is associated
with changes to methylation in cord blood from
offspring, at the demethylated region of IGF2
andpossibly other imprinted genes (45). Although
this can be interpreted as evidence for an
epigenetic pathway, as for all human cohort
studies, the possibility of shared genetic or
nongenetic programming contributions cannot
be discounted (27).
Rodent models have been developed to assess

epigenetic transmission of metabolic and other
phenotypes via the paternal line (42). For exam-
ple, male mice fed a low-protein diet fathered
offspring with decreased hepatic cholesterol esters
and altered hepatic expression of lipid and cho-
lesterol biosynthesis genes, associated with al-
tered epigenetic marks (46 ). Male mice born to
undernourished mothers sired offspring with
reduced birthweight and impaired glucose toler-
ance (47). Other rat studies showed that nutri-
tional cues from the father result in female
offspring with impaired metabolic health (48),
associated with altered gene methylation and
transcriptome changes within pancreas and adi-
pose tissues (48, 49). Rats exposed to the environ-
mental toxin vinclozolin during development in
utero have impaired spermatogenesis, which is
transferred to male offspring (50). When male
mice were conditioned to respond to a specific
odor associated with a fear stimulus and then
mated, their offspring inherited increased behav-
ioral responses to the same odor (51). Similar
transmissible effects are seen in the offspring of
fathers exposed in early life to stress imposed by
maternal separation (52). These intriguing studies
raise the exciting prospect of specificity in
paternal transmission and the possibility of tar-
geted transmission of acquired characteristics;

but to date, no biologically plausible mechanism
has emerged.

Fathers transmit DNA modifications
to offspring

Genetic and epigenetic transmissionmechanisms
may be intertwined in sperm to transmit envi-
ronmental exposures to the next generation (Fig.
3). Sperm development involves extensive DNA
strand repair and chromatin remodeling in which
histones are largely, but not completely, replaced
by protamines (43). Both sperm nucleosome and
histone-bound regions are conserved among
mammalian species at loci of developmental
importance—including promoters for early em-
bryo development and imprinted regions (53).
Compared with protamine-bound regions, genes
in histone-bound regions appear more susceptible
toDNAdamage (54) due to smoking, obesity, and
aging (55), compounded by the incapacity of
sperm to repair DNA damage due to oxidative
stress (56 ).
Histone-bound regions appear vital for pa-

ternal DNA replication following fertilization
as well as activation of paternal genome tran-
scription in the early embryo. Whereas the
paternal protamines are replaced by maternal
histones in the first 4 to 6 hours after fertil-
ization, the retained paternal histones are not
replaced; therefore, epigenetic marks to these
histones are likely inherited by the embryo (57).
Expression of SIRT6, a class III histone deacety-
lase, is regulated by metabolic state and is
decreased in the testes germ cells of mice with
diet-induced obesity, associated with increased
DNA damage in transitional spermatids as well
as mature sperm (58). This may explain why
sperm from obese fathers can alter the devel-
opmental capacity of the embryo in vitro, alter-
ing rates of mitosis and early differentiation
events (59), resulting in reduced pluripotency
and metabolic function.
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Environment/lifestyle insult
Toxins

Endocrine disrupters
Smoking
Obesity

Altered gene
expression
in zygote

Impaired embryo growth
and health of offspring
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development in 
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the epididymis Histone-bound 

DNA

MicroRNA

DNA breaks

Fig. 3. Environmental effects on paternal nongenetic contributions. Postulated modes of action of environment or lifestyle factors on sperm
function, imparted either during spermatogenesis or epididymal transit, and pathways for impact on the development of the embryo.
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increased fasting glucose, impaired
glucose tolerance, and altered in-
sulin signaling compared to natu-
rally conceived controls (9). More
rapid postnatal growth and fat de-
position after IVF conception are
associated with altered gene ex-
pression in liver, adipose tissue,
pancreatic islets, and muscle (10),
plus vascular stiffness, higher arte-
rial blood pressure, and signs of en-
dothelial dysfunction (11). Notably,
adverse effects are retained if em-
bryos are transferred to healthy
recipients at the two-cell stage, impli-
cating disruption of very early devel-
opmental events. Thus, at least in
mice, conception by IVF alters later
placental and fetal development,
growth trajectory after birth, and
metabolic parameters and behav-
ior in adult life. In vitro–cultured
embryos show changes to blasto-
cysts and fetal growth that mimic
many aspects of in vivo dietary and
inflammatory insults (12), suggest-
ing that endogenous cell stress may
be a common pathway driving ad-
verse impacts on offspring. Although
the protocols implemented in ani-
mals are more aggressive than clin-
ical IVF, emerging data suggest that
in IVF-conceived children, blood pres-
sure and fasting glucose are higher
(13), and vascular dysfunction can
be evident (14).

Epigenetic reprogramming
at conception

The periconception influences on
development are believed to occur
through environment-induced modi-
fication of the embryo’s epigenome.
A dynamic phase of epigenetic re-
modeling begins at fertilization,
when most epigenetic marks are
cleared from the oocyte and sperm
genomes before fusion of the chromatin at syn-
gamy, and is completed just before implantation
when remethylation of the embryonic genome
occurs (15). Altered methylation of cytosine res-
idues, or loss of parental-specific imprintedmarks,
may be attenuated by the chromatin structure,
including nucleosome positioning, and altered
histone acetylation or assembly, whichmodulate
the availability of DNA for transcription. Epige-
netic marks are carried forward into daughter
cells, where despite further modification by the
developmental program, they permanently affect
gene expression in resulting adult tissues (15).
Maternal nutrition at conception is a major

influence on resetting of the epigenome in the
early embryo—a compelling example is epige-
netic control of the agouti viable yellow (Avy)
locus, which determines coat color in mice and
is highly sensitive to methyl groups in the diet
(3, 16). DNA methylation in human infants was

recently associated with seasonal variation in
diet (17); similar epigenetic marks were present
in different tissues, indicating that persistent
systemic changeswere established at conception.
Altered methylation patterns are also evident

in embryos conceived by IVF or exposed to stress-
inducing culture conditions (16, 18, 19). After IVF,
mouse blastocysts show disrupted expression of
the epigenetic regulator Txnip and enriched his-
tone acetylation at its promoter, which are main-
tained into adulthood (10). Vascular dysfunction
evident in IVF-conceived mice is associated with
altered methylation of genes in the aorta (11)—
but causal relationships betweenepigenetic changes
and phenotypic alterations have not been dem-
onstrated and are difficult to prove.
Specific classes of elements in the genomeappear

particularly sensitive to epigenetic dysregulation,
including transposons (which control expression
of the Avy locus) and genomically imprinted genes,

which normally survive the global
erasure of epigenetic marks at con-
ception (16). Although the impact of
IVF on transposons is not known,
there is an increased incidence of
imprinting disorders in IVF children,
suggesting that maintenance of im-
printed genes may be disturbed (20).
However, genome-wide analysis of
methylation shows no epigenetic
changes attributable to IVF (21).
Intriguingly, males are consistent-

ly more vulnerable to most dietary,
culture-induced, and physiochemical
models of metabolic programming
(2, 5, 6, 8, 12). Female embryos con-
sume relatively more glucose, and
male embryos develop more quick-
ly to the blastocyst stage (22). Sex-
dependent transcriptional differences
in molecular pathways controlling
glucose metabolism, protein metab-
olism, DNA methylation, and epige-
netic regulation (23) likely cause
sex-specific differential responses to
environmental insults.

Ex ovo omnia: All things come
from eggs

Effects on oocytes contribute to the
effects of maternal environment on
offspring phenotype. Studies to iso-
late preconception effects from later
pregnancy demonstrate that mater-
nal nutrition during oocyte matura-
tion influences offspring phenotype
(Fig. 2). In sheep, maternal over-
feeding generates offspring that ac-
cumulate fat (24), while in mice, a
protein-deficient diet for 3.5 days be-
fore conception leads to hyperten-
sion (25).
Developing oocytes are suspended

in follicular fluid that provides a
unique nutritional environment which
reflectsmaternal physiological states—
for instance, adiposity (26). As the

oocytematures, it accumulates epigeneticmarks,
both on histones and DNA, until the final phases
of maturation before ovulation. Although gen-
erally these marks are erased at conception,
there is evidence that at some loci, oocyte epi-
genetic marks are not cleared, allowing the pos-
sibility of transgenerational inheritance. As well
as maternally imprinted loci, epigenetic marks
established in response to environmental cues
may also be resistant (3, 27). This is difficult to
definitively demonstrate, because the complex-
ity of the human genome makes it impossible to
clearly distinguish genetic and epigenetic hered-
ity (27).
Attributing effects to transgenerational inher-

itance requires experiments in inbred genetic
backgrounds, and the use of oocyte transfer or
cross-fostering to ensure that effects are truly
transmitted through the germ line (28). Evi-
dence from mice exposed to preconception zinc
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Fig. 2. Maternal nutrition affects oocyte provisioning. (A) The maternal
environment influences oocyte stores of mitochondria and metabolites.
Lipid droplets are stained green with BODIPY 493/503 in a mouse oocyte,
and mitochondria are stained with MitoTracker Orange. Chromosomal
DNA aligned at metaphase II is stained blue with Hoescht dye. (B) Cyto-
plasmic constituents respond to maternal nutrition and in turn alter con-
ceptus development.
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REVIEW

Parenting from before conception
Michelle Lane, Rebecca L. Robker, Sarah A. Robertson*

At fertilization, the gametes endow the embryo with a genomic blueprint, the integrity
of which is affected by the age and environmental exposures of both parents. Recent
studies reveal that parental history and experiences also exert effects through
epigenomic information not contained in the DNA sequence, including variations in
sperm and oocyte cytosine methylation and chromatin patterning, noncoding RNAs,
and mitochondria. Transgenerational epigenetic effects interact with conditions at
conception to program the developmental trajectory of the embryo and fetus, ultimately
affecting the lifetime health of the child. These insights compel us to revise generally
held notions to accommodate the prospect that biological parenting commences
well before birth, even prior to conception.

O
ur constitution at birth informs how we
respond to stressors and challenges, and
the risk of disease, in childhood and through
adult life. Experience in utero is a major
determinant (1), but earlier life phases,

commencing with oocyte and sperm, are also
important. At conception, the gametes deliver
the genetic material to form an embryo, plus a
legacy of additional information, reflecting the
exposures and experiences of both parents—
not just mother, but father, too. If emerging con-
cepts in transgenerational epigenetic inheritance
(2, 3) are correct, the early embryo is exquisitely

sensitive to signals from gametes and the envi-
ronment. Here, we explore how events before
and at conception shape our development and
life-course trajectory.

The sensitive and adaptable
early embryo

Strategies to discern how different pregnancy
stages affect infant health reveal a crucial win-
dow in early embryonic development (2). During
fertilization and the first zygotic divisions, the
embryo is highly sensitive to signals from the
mother’s reproductive tract (Fig. 1). The oviductal
fluid surrounding the embryo varies according to
maternal nutritional, metabolic, and inflamma-
tory parameters (4), providing a microcosm that
reflects the outside world. In responding to these
environmental cues, the embryo exerts a high
degree of developmental plasticity and can, within

a discrete range, modulate its metabolism, gene
expression, and rate of cell division. In this way,
the maternal tract and the embryo collaborate to
generate a developmental trajectory adapted to
suit the anticipated external environment, tomax-
imize survival and fitness of the organism (2).
But if the resulting phenotype is a poormatch for
conditions after birth, or if adaptation constrains
capacity to withstand later challenges, offspring
are at risk (1).
Maternal diet at conception has a major im-

pact on the developmental program (5). Reduced
protein content for just the first 3 days of em-
bryogenesis retards cell proliferation and skews
the balance of cell lineage differentiation in the
blastocyst (6). The effect of nutritional distur-
bance at conception persists through implanta-
tion and influences placental development and
nutrient transfer capacity (7), then after birth,
the neonate gains weight more rapidly, develop-
ing higher systolic blood pressure and elevated
anxiety (6).
Maternal inflammation at conception also can

influence adult phenotype. Female mice given
bacterial lipopolysaccharide (LPS) on the first day
of pregnancy,mimicking amild infection, deliver
pups that develop abnormally increased body fat
and reduced exploratory behavior (8). Offspring
have reduced sensitivity to LPS challenge in adult-
hood, with a blunted cytokine response (8). This
suggests that infection, or even noninfectious
causes of inflammation in amother, could lead to
altered immune function in her child.
In vitro fertilization (IVF) techniques further

illustrate the impact of physiochemical manipu-
lation of the conception environment, since the
embryo is exposed to physical conditions not en-
countered in vivo. Mice conceived by IVF display
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Fig. 1. Environmental effects on embryogensis. During progression from conception, through first cleavage to morula and blastocyst stages [(A) to (E),
respectively], a preimplantation embryo is vulnerable to perturbations in its nutritional, biochemical, and physical environment. Influences exerted in the oviduct in vivo,
or the culture dish in vitro, operate via epigenetic pathways to program embryo developmental trajectory, resulting in an altered adult phenotype.
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Efecto del ambiente durante la fase de embrión



Brain reorganization Cardiovascular 
remodelling

Metabolic 
programming

Fetal growth restriction 
(and other disorders associated with disease or abnormal environment)

Adaptation = Epigenetics = Permanent “programming” 

El Retraso del crecimiento intrauterino
(y otras alteraciones asociadas con enfermedad o ambiente alterado), 

genera:
ADAPTACIÓN por EPIGENÉTICA= PROGRAMACIÓN 

PERMANENTE

Estudios realizados por el grupo Fetal I+D del Clínico de Barcelona y el Hospital 
San Juan de Dios de Barcelona



Neurocognitive disorders/Learning disabilities
Overall ≥10%

Estimated 2/3 of prenatal origin

Attention Deficit 
Hyperactivity Disorder

2-5%

Non-specific disorders
5-8%

Autism Spectrum Disorder
0.5-1%

Fetal growth restriction

Prematurity Exposure Infection

Geneticscrecimiento del feto 
disminuido

Prematuridad
Exposición a 

tóxicos Infección

Factores 
Genéticos

Las alteraciones cognitivas/Trastornos del aprendizaje
supone sobre un 10 % de los niños

Se estima que 2/3 son de origen prenatal

Trastornos no específicos
5 a 8 %

TDAH 2 a 5 % T.E.A. 0.5 a 1 %

Estudios realizados por el grupo Fetal I+D del Clínico de Barcelona y el Hospital 
San Juan de Dios de Barcelona



epithelium and also modify glycosylation (25).
Carbohydrate structures are key for bacterial
adherence to mammalian cells; therefore, sex
steroid hormones could alter the microbiota of
the lower genital tract.
At a mechanistic level, little is known about

how preterm labor-related infections occur. On
the pathogen side, the Group B Streptococcus
pigment plays a role in the hemo-
lytic and cytolytic activity required
for ascending infection related to
preterm birth (26). Further work
is required to elucidate the role of
the host. One intriguing possibil-
ity involves the “glyco-code,” spe-
cific aspects of human carbohydrate
structures that mediate the binding
of bacteria via lectins and, subse-
quently, adherence. For example,
Helicobacter pylori adhere via the
Lewis b blood group glycan,making
participants that express this anti-
gen more susceptible to infection.
Conversely, blood group O provides
a selective advantage for surviv-
ing malaria (27). Whether similar
mechanisms may help explain the
increased frequency of spontane-
ous preterm birth in some ethnic
groups is a question for in-depth
exploration.
Although the maternal-fetal interface has tra-

ditionally been considered sterile, bacteria and
viruses have been identified in first- and second-
trimester decidua (28). Moreover, a placental
microbiota has been described by using sequence-
based techniques (29), along with differences
reported between patients who delivered pre-
term and term (29). Large studies, such as those
under consideration by the Human Placenta
Project initiated by NICHD/NIH (30), are required
to clarify the role of a putative placental micro-
biota and the maternal and fetal immune re-
sponses in normal pregnancy and spontaneous
preterm labor. Recent studies using a combi-
nation of cultivation and molecular techniques
suggest that intra-amniotic inflammation as-
sociated with spontaneous preterm labor occurs
in the absence of demonstrable microorganisms,
indicating a role for sterile intra-amniotic inflam-
mation (31).
Extrauterine infections are also associated

with spontaneous preterm delivery (e.g., malaria,
pyelonephritis, and pneumonia). Indeed, from
a global health perspective, malaria may be a
major contributor to preterm birth in endemic
areas. The mechanisms whereby malaria leads to
preterm labor remain to be determined.

Decidual hemorrhage
and vascular disease

A subset of patients with preterm labor with
intact membranes and preterm prelabor rupture
of membranes have vaginal bleeding attributed
to defective decidual hemostasis. Thrombin
generated during the course of decidual hem-
orrhage can stimulatemyometrial contractility and

degrade the extracellular matrix in the chorio-
amniotic membranes, predisposing to rupture
(32, 33). Mothers with evidence of increased
thrombin generation are at greater risk for
spontaneous preterm labor. Uterine bleeding
has also been observed with vascular lesions of
the placenta. During normal pregnancy, cyto-
trophoblast invasion physiologically transforms

uterine spiral arteries—small-diameter, high-
resistance vessels—into large-diameter, low-
resistance conduits that perfuse the chorionic
villi of the placenta (Fig. 4, A, B, and D). About
30% of patients with preterm labor have pla-
cental lesions consistent with maternal vascular
underperfusion, and a similar number have fail-
ure of physiologic transformation of the myo-
metrial segments of the spiral arteries (34). In
these cases, the vessel lumen fails to expand
(Fig. 4, C and E), a pathological feature that is
commonly associated with preeclampsia (mater-
nal high blood pressure and protein in the urine)
(35). An abnormal maternal plasma antiangio-
genic profile in themidtrimester, which predates
the symptoms of preeclampsia (36), has also
been reported in a subset of patients who deliv-
er preterm and have placental vascular lesions
of underperfusion (37). Understanding why some
women with these vascular lesions and an ab-
normal angiogenic profile develop preeclampsia
and others preterm labor can provide insight
into the pathophysiology of both conditions.

Decidual senescence

Around the time of implantation, the endo-
metrium undergoes anatomical and functional
changes to become the decidua, which is cru-
cial for successful implantation, pregnancymain-
tenance, and parturition. Decidualization is
characterized by extensive proliferation and
differentiation of uterine stromal cells into spe-
cialized cell types called decidual cells. The tu-
mor suppressor protein p53 plays an important
role in decidual growth, and its deletion causes
implantation failure or, if pregnancy is established,

inadequate decidualization. Premature decidual
senescence has been implicated in implantation
failure, fetal death, and preterm birth. In mice,
conditional deletion of uterine Trp53 leads to
spontaneous preterm birth in 50% of cases
(38), which is associated with decidual senes-
cence demonstrated by increased mammalian
target of rapamycin (mTOR) complex 1 signal-

ing, p21 levels, and b-galactosidase
staining but without progesterone
withdrawal (38, 39). The administra-
tion of rapamycin (an mTOR inhib-
itor) and/or progesterone attenuates
premature decidual senescence and
preterm birth. Evidence of decidual
senescence has been demonstrated
adjacent to the basal plate of the
placenta (placental surface in direct
contact with the uterine wall) in
cases with preterm labor but not in
women who delivered at term (39).
Whether other mechanisms of pre-
term labor (e.g., infection and ute-
rine bleeding) converge on decidual
senescence is an open question. Ad-
ditionally, it would be interesting to
determine whether tissue stiffness,
measuredbyatomic forcemicroscopy,
is a proxy for decidual senescence
and therefore a biomarker (40).

Disruption of
maternal-fetal tolerance

The fetus and placenta express both maternal
and paternal antigens and are therefore semi-
allografts (41). Immune tolerance is required for
successful pregnancy (42, 43), and a breakdown
in tolerance can lead to a pathologic state (Fig. 2)
with features of allograft rejection. Chronic
chorioamnionitis, the most common placental le-
sion in late spontaneous preterm birth, is char-
acterized by maternal T cell infiltration of the
chorioamnion with trophoblast apoptosis and
resembles allograft rejection (44). Maternal sen-
sitization to fetal human leukocyte antigens is
frequently found in patients with chronic cho-
rioamnionitis and is accompanied by C4d dep-
osition in umbilical vein endothelium (45, 46).
A novel form of fetal systemic inflammation
characterized by overexpression of T cell chemo-
kines (e.g., C-X-C motif ligand 10) (47) has been
observed in chronic chorioamnionitis. Breakdown
of maternal-fetal tolerance may be particularly
relevant to preterm labor occurring after fetal
surgery or stem cell transplantation, interven-
tions that increase in the number of maternal
T cells in the fetal circulation (48). The mecha-
nisms linking disorders in tolerance and sponta-
neous preterm labor remain to be defined.

Decline in progesterone action

Progesterone is key to pregnancy maintenance,
and a decline in its progesterone action precedes
labor in most species, which can be mediated by
a reduction in serum levels of progesterone, local
changes inmetabolism, and/or alterations in receptor
isoforms/coactivators (49, 50). The administration
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Fig. 2. Proposed mechanisms of disease implicated in spontaneous pre-
term labor.Genetic and environmental factors are likely contributors to each
mechanism.

    

Mecanismos implicados en el parto prematuro

Prevenir un parto prematuro es uno de los retos más importantes de la Medicina



Momento del Nacimiento

https://www.youtube.com/watch?v=GtPS26A_eQc

Un momento mágico, no exento 
de riesgos…

https://www.youtube.com/watch?v=GtPS26A_eQc


¿QUÉ ES LO QUE CAUSA LA 
PARÁLISIS CEREBRAL?

EJEMPLO DE CAMBIOS SOBRE EL CONOCIMIENTO
DE LAS PATOLOGÍAS 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 373;10 nejm.org September 3, 2015946

Review Article

Cerebral palsy, a congenital motor disability of cerebral ori-
gin, is a group of lifelong movement disorders affecting about 2 of every 
1000 children. Although defined as a motor disorder, cerebral palsy is often 

accompanied by intellectual deficits, epilepsy, and sensory disabilities. Cerebral 
palsy is expensive in human and economic terms. No cure is available, so effective 
strategies for primary prevention are highly desirable, but their development re-
quires an understanding of causal pathways.

Gestational age at birth is strongly associated with cerebral palsy, with a 
prevalence among term infants that is about one fortieth the prevalence among 
extremely preterm survivors.1 Research has focused on very preterm infants, as 
warranted by the high individual risk faced by such infants, but less than 0.4% of 
neonatal survivors are born before 28 weeks of gestation.1 The 96% of singletons 
born at or after 35 weeks of gestation, who account for two thirds of newborns 
with cerebral palsy,1 have been less extensively studied, and for them, much of the 
medical and lay literature on the causes of cerebral palsy remains focused on the 
contribution of birth asphyxia.

Continuous electronic fetal monitoring during labor was introduced to identify 
fetal asphyxia, with the expectation that timely intervention would prevent cerebral 
palsy. Unfortunately, that expectation has met with disappointment. Despite there 
being a marked increase in surgical deliveries associated with fetal monitoring, as 
well as accompanying increases in risks and costs, there has been no decrease in 
the numbers of live births with cerebral palsy over the past three decades (Fig. 1).2,3

Controlled studies in human populations have shown important prenatal ante-
cedents of cerebral palsy.4-13 A 2004 report concluded, “Evidence suggests that 70 to 
80% of CP [cerebral palsy] cases are due to prenatal factors and that birth asphyxia 
plays a relatively minor role (<10%).”9

The development of large population-based data sets that include information 
from cerebral palsy and birth defects registries permits further clarification. In 
one large, prospective, population-based study, 91.5% of term and near-term sin-
gletons with cerebral palsy had had no recognized potentially asphyxiating birth 
event; however, fetal growth restriction and major birth defects occurred substan-
tially more frequently in infants with cerebral palsy than in controls matched for 
gestational age.11 Studies of placental disorders14 and genetic investigations15,16 
have provided evidence that prenatal processes are important not only for cerebral 
palsy but also for neonatal encephalopathy, which precedes cerebral palsy in about 
20% of cases in term and preterm children.11

Studies documenting the importance of prenatal factors in term infants with 
cerebral palsy have had limited influence on clinical and experimental perinatal 
medicine. In this review, we discuss the evidence that for children in developed 
countries who are born at or near term, factors operating before labor begins are 
chief determinants of the risk of cerebral palsy.
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El  estudio  comprueba  la  importancia  de  los  factores 
prenatales tanto en los niños a término como prematuros, 
donde se evidencia una influencia muy limitada de la etapa 
perinatal. En este estudio de revisión, presentamos
la  evidencia  de que en los  países  desarrollados los  niños 
nacidos a término o prematuros tardíos, los factores
que  se  dan  antes  del  parto  se  inicia,  son  los  principales 
determinantes en el riesgo de parálisis cerebral
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Defini tions

Cerebral palsy is a disorder of movement affect-
ing activities of daily living that is due to non-
progressive cerebral defects acquired early in 
life. Many perinatal clinical trials and studies of 
the causes of cerebral palsy have excluded infants 
with recognized neural-tube and other birth 
defects. If birth defects are excluded, their role 
in cerebral palsy cannot be investigated and may 
be overlooked.

We use the term “birth defects” inclusively to 
indicate structural or functional defects present 
at birth, including malformations, deformations, 
and antenatal injury, regardless of cause, since 
the cause is frequently unclear. The defect must 
be present at birth, so microcephaly and hydro-
cephaly developing in infancy or early childhood 
are not considered, although they may be the 
result of defects that were present at birth.

There is no general consensus about what 
constitutes a major defect as compared with a 
minor defect. We use the term “birth defects” 

except when citing authors who use “congenital 
malformations” or other terms or when refer-
ring specifically to malformations. The evidence 
discussed here comes, when possible, from 
population-based studies of infants.

Birth Defec t s a nd Cer ebr a l 
Pa l s y

The earliest controlled studies and subsequent 
investigations of the cause of cerebral palsy have 
shown that birth defects are observed more fre-
quently in persons with cerebral palsy than in 
those without the disorder. Eastman and DeLeon 
reported in 1955, an era when few very preterm 
infants survived, that congenital malformations 
were more frequent in persons with cerebral 
palsy than in controls.4 A later study17 confirmed 
the excess of congenital malformations in cere-
bral palsy and noted “a large number of cases in 
which either microcephaly or hydrocephaly was 
encountered” but did not distinguish head-size 
abnormalities that were present at birth from 

Figure 1. Elective and Emergency Cesarean Sections and Live Births with Cerebral Palsy in Western Australia,  
1980–2009.

Shown are the proportions of live births with delivery by elective cesarean section before the onset of labor or mem-
brane rupture and without induction, live births with delivery by emergency cesarean section (with the timing deter-
mined by an arising complication), and all live births with cerebral palsy. The increasing proportions of both elective 
and emergency cesarean deliveries since 1980 have not been accompanied by any change in the proportion of live 
births with cerebral palsy.
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those that developed postnatally. In a study by 
Malamud et al.,18 autopsies of 68 institutional-
ized persons with cerebral palsy showed cerebral 
malformations in 35% and cerebral destructive 
processes in a similar proportion. These early 
studies established that birth defects occur in 
excess in persons with cerebral palsy but did not 
consider the representativeness of the study 
samples or the possibility that gestational age or 
the timing and methods of identifying birth 
defects might influence the findings.

In the Collaborative Perinatal Project, three 
times as many major malformations outside the 
central nervous system were identified by 1 year 
of age in children with cerebral palsy as in chil-
dren without cerebral palsy.5 Other investiga-
tions have confirmed the association of birth 
defects with cerebral palsy, as examined within 
gestational age or birth weight strata.19-24

In an investigation linking a cerebral palsy 
registry with a state registry of birth defects 
recognized by the age of 6 years, the contribu-
tion of birth defects to cerebral palsy in single-
tons with a gestational age at birth of at least 
35 weeks markedly exceeded the contribution of 
other major factors, including potential birth 
asphyxia (Fig. 2).11 Factors not examined in that 

study are also known to play a role in cerebral 
palsy, including coagulopathies and several ma-
ternal disorders,25-28 but none are known to be a 
major contributor. Another study showed that 
the combination of birth defects and fetal 
growth restriction was associated with a marked 
increase in the risk of cerebral palsy.29

A number of neurodevelopmental disorders 
may have mechanisms in common.30-32 One 
study showed that more than a third of infants 
with neonatal seizures had a major malforma-
tion, as did half of those with tonic or myo-
clonic epilepsies in childhood.33 Of infants with 
neonatal encephalopathy in a population-based 
study, 27.5% had a birth defect, as compared 
with 4.3% of controls.34

Birth defects can escape detection in the 
newborn period,35 so their ascertainment is 
more likely to be complete with longer periods 
of observation. With increased use of imaging 
studies in sick newborns, early detection of birth 
defects has improved, but asymptomatic neo-
nates may not be fully evaluated. Imaging proce-
dures add greatly to the identification and de-
scription of anomalies but were not available in 
the past and are not systematically included in 
many population-level studies. In addition, tools 
for imaging differ in sensitivity; for example, 
magnetic resonance imaging is more sensitive 
than ultrasonography or computed tomography 
for detecting cerebral malformations.

Gestational Age
Low gestational age at birth is strongly related 
to an increased risk of cerebral palsy. Therefore, 
any inquiry about the role of birth defects in 
cerebral palsy must consider whether the risk is 
increased through an association with early birth.

In the general population, birth defects are 
more often detected in preterm infants than in 
term infants, and substantially more often in 
very preterm infants.36 In striking contrast, 
among infants with cerebral palsy, major mal-
formations are more frequent in infants born at 
term or at normal birth weight.19,37 The risk of 
an association of birth defects with cerebral 
palsy is increased by a factor of 9 among infants 
born at or near term as compared with preterm 
infants.19 The high prevalence of birth defects 
among children with cerebral palsy born at term 
has been confirmed repeatedly20-24 and is most 
marked for brain and cardiac anomalies.

An explanation for the high prevalence of 

Figure 2. Distribution of Four Major Risk Factors in Singleton Children with 
Cerebral Palsy Born at a Gestational Age of at Least 35 Weeks, 1980–1995.

Data are from a study of 496 children with cerebral palsy and 508 controls. 
The four risk factors were a potentially asphyxiating intrapartum event, evi-
dence of inflammation, fetal growth restriction (defined as a birth weight 
that was more than 2 SD below the optimal weight for gestation, sex, mater-
nal height, and parity, or a neonatal diagnosis of fetal growth restriction), 
and a major birth defect. Data shown are for one or more of these risk fac-
tors in at least 2% of children with cerebral palsy or controls. Major birth 
defects were the most frequently occurring risk factor in children with cere-
bral palsy, and when combined with fetal growth restriction, they were asso-
ciated with the highest relative risk.
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birth defects among children with a low gesta-
tional age at birth in the general population 
might be that adverse conditions leading to 
malformation also contribute to delivery before 
term. It is not obvious what accounts for the op-
posite pattern in cerebral palsy (i.e., a high rate 
of anomalies at the normal time of delivery).

Cerebral Defects
Not surprisingly, the birth defects most fre-
quently associated with cerebral palsy in term 
and near-term infants involve the brain. Con-
genital cardiac lesions are the next most com-
mon defects in such infants, although major 
defects in most organ systems are overrepre-
sented (Fig. 3). Birth defects of the brain include 
structural abnormalities, aberrant growth, and 
prenatal destructive lesions. Cerebral defects 
may be identified by gross inspection, by mea-
surement of head size, or by neuroimaging. 
Congenital microcephaly or macrocephaly — in 
which head circumference is substantially small-
er or larger, respectively, than that in a reference 
population — is overrepresented in cerebral 
palsy. In neonates in general, variations in skull 
and soft-tissue thickness are not marked, and 
head size is a good indicator of brain size.

Congenital hydrocephaly (increased ventricu-
lar size) can be reliably identified, and its ana-
tomical basis defined, only by means of cranial 
imaging. Some studies have inferred the pres-
ence of congenital hydrocephaly on the basis of 
excessive head size rather than imaging find-
ings, risking confusion with benign macroceph-
aly, whereas other studies have documented only 
the underlying anatomical cause of a large head 
as a birth defect, but not head size itself. In ad-
dition to the adverse effects of disorders leading 
to macrocephaly, a large head itself may cause 
mechanical problems during delivery.38

Congenital microcephaly is the most com-
mon birth defect in cerebral palsy. The differen-
tial diagnosis for congenital microcephaly is 
extensive: von der Hagen et al.39 list 19 monoge-
netic forms of microcephaly, at least 4 trisomies, 
an imprinting disorder, metabolic disorders of 
genetic cause, and a range of infections, terato-
gens, and disruptive events such as prenatal 
stroke. The Developmental Brain Disorder Data-
base lists 142 genes associated with congenital 
microcephaly and 17 syndromes.40 Some ante-
cedents of congenital microcephaly cause iso-
lated smallness of the brain, whereas others lead 

to smallness of both brain and body. Only ap-
proximately half the cases of microcephaly have 
a recognizable cause.39

Reviewing population-based studies that in-
volved neuroimaging in a majority of children 
with cerebral palsy, Reid et al. concluded that 
structural brain malformations were present in 
approximately 11% of those children and in ap-
proximately 13% of the subgroup born at a ges-
tational age of at least 37 weeks.41 These data do 
not include children who had microcephaly but 
no recognized structural abnormality of the 
brain. The brain malformations were diverse, 
but a cluster of identified forebrain malforma-
tions, especially lissencephaly, pachygyria, and 
polymicrogyria, were associated with congenital 
microcephaly.40

Pr enata l Fac t or s A sso ci ated 
w i th Birth Defec t s a nd 

Cer ebr a l Pa l s y

Fetal Growth Restriction

Marked fetal growth restriction is associated 
with an increased risk of cerebral palsy.29,42 It is 
often assumed that growth-restricted fetuses are 
especially susceptible to asphyxial injury at birth 
and that birth asphyxia is the link between 
growth restriction and cerebral palsy. Large 
population-based studies have failed to confirm 
this hypothesis,29,43,44 however, and in a popula-
tion-based study, brain imaging in growth- 
restricted children with cerebral palsy did not 
suggest global hypoxia–ischemia.21

If it is not birth asphyxia that makes growth-

Figure 3. Types of Major Birth Defects in Singleton Children with Cerebral 
Palsy Born at a Gestational Age of at Least 35 Weeks, 1980–1995.
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By Trisha Gura

B
lood, urine, saliva, and spinal fluid. 

Those are the human bodily fluids 

most explored by scientists over the 

decades. Yet any woman who has 

ever nursed a newborn will cite a 

major omission: breast milk. Re-

searchers long ago unraveled the basics of 

this maternal liquid. But until recently, few 

have given it serious attention with sophis-

ticated analytical techniques. Breast milk 

was “ignored as not modern,” for the last 

half-century, says epidemiologist Ardythe 

Morrow of Cincinnati Children’s Hospital 

Medical Center in Ohio. But now, it’s “an 

exploding area of science.” 

The resurgence has its origins in a long-

standing conundrum: Breast milk abounds 

with complex carbohydrates called oligo-

saccharides that humans can’t digest but 

beneficial bacteria can thrive on. Fifty 

years ago, when the oligosaccharides were 

discovered, investigators lacked the tech-

nology to deduce their structure and de-

termine their effect on what is now called 

the infant gut microbiome (the myriad 

bacteria that naturally reside in human 

intestines, beginning at birth). Unable to 

progress significantly, scientists lost inter-

est in milk-microbe connections.

Now, thanks to breakthroughs in ana-

lytical chemistry and a growing interest in 

the microbial fauna in the human body, as 

well as a movement touting the benefits of 

breast-feeding, those connections are be-

ing explored once again. Some researchers 

have focused on making better use of the 

microbiome fostered by milk, while others 

have documented how breast milk does 

more than feed a newborn and its “good” 

bacteria. Mother’s milk also contains an 

evolving stockpile of compounds that 

thwart pathogens, foster a robust immune 

system, and perform other functions. Most 

recently, researchers have discovered that 

mom provides inactive enzymes in her milk 

that turn on in the infant gut and clip out 

bioactive molecules from other milk pro-

teins. “Milk is really a genius fluid that was 

outrageously understudied,” says microbial 

ecologist David Mills of the University of 

California (UC), Davis. “If we can identify 

components of human breast milk that are 

important, then we can understand the wis-

dom of milk—and take advantage of them.”

AT FIRST BLUSH, BREAST MILK is a buffet 

of fats, proteins, and sugars, in a ratio of 

about 1-to-3-to-7. Until recently, scientists 

viewed the fluid mainly as food for a rap-
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 La Lactancia Materna hace algo más que nutrir a los bebés

El mejor mecanismo epigenético 
que se conoce para mejorar su desarrollo, 

pero no el único
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maturation matches the timing of adaptive tasks,
disruptions of socialization processes occurring at differ-
ent times are likely to result in different outcomes. Thus,
although the homogeneity of autism may originate from
shared failings in the process of socialization as a whole,
the heterogeneity may stem from variable timing in the
onset of individual disruptions.

In typical development, success in social adaptive tasks
prompts further development in an iterative process that
builds on older structures to generate new ones. This
process is ever ongoing, resulting in successively more
complex social cognitive development. In this fashion,
ontogeny typically realizes phylogenetic predispositions
through the rapid movement of the child through uni-
versal social adaptive tasks, jerry-building successful so-
cial and communicative babies. However, if this process
is derailed, we expect that the earlier the disruption, the
greater will be the developmental consequences.

This model also predicts that blockage of the nor-
mative social adaptive trajectories will bias the child to
forms of learning that are not grounded in social in-
teraction: for example, preponderance of learning about
the physical environment (e.g., physical over social
contingencies), rote speech over contextualized com-
munication, hyperlexia over conceptual reading, and
memorization of facts and information over episodic
and personal informationVall of which are features well
noted in the later-life clinical expression of autism.4

Intriguing as the recent experimental results5,6 are in
suggesting a developmental pathway to autism, they still

refer to data on 2-year-olds with autism. By that time,
typically developing children are already accomplished
social interactionists, and the vast majority of children
with autism is already showing symptoms of the con-
dition and can be diagnosed.1 Our frontier is the infancy
period, the period of greatest neuroplasticity and change,
and also the period of emergence of the syndrome. The
exemplified mechanisms of social engagement are online
from the first weeks of life. Thus, our goal is to quantify
departures from normative development from as early as
they are detectable and to map their timing and conse-
quences to subsequent social cognitive growth and syn-
drome expression. In this way, we hope to establish early
detection of autism on firm, quantifiable ground.We also
hope for increased synergy between genetic and develop-
mental social neuroscience investigations. For example,
perception of biological motion is a fundamental and
evolutionarily conserved social adaptive mechanism: it
seems to be involved in imprinting.7 This, in turn, should
be a natural target for animal modeling in developmental
neurobiology. Social behavior has long been a target in
genetic investigations, albeit primarily in simpler organ-
isms than humans.9 If the confluence of these various
disciplines were to be the process of development and its
disruptions, we believe that the results of such an en-
terprise might likely provide sorely needed guidance to
our current ventures into the sea of genomic variability
in search of autism-associated genes ( F1Fig. 1).

Disclosure: The authors report no conflicts of interest.
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Fig. 1 Adaptive action in response to environmental demand constrains typical
development toward increasingly refined forms of social interaction. In contrast,
development in autism spectrum disorders, with a lack of preferential attention
to socially relevant stimuli, leads to increasingly atypical behaviors. The homo-
geneity of autism spectrum disorders may originate from shared failings in the
process of socialization as a whole, whereas the heterogeneity may stem from
variable timing in the onset of individual disruptions.
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Ejemplo de la necesidad de intervenir de forma muy temprana:
Desarrollo hacia el trastorno del espectro autista

Ami Klin
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vida



Importancia 
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Anamnesis
Árbol genealógico.

Embarazo, parto,…


Episodio agudo.

https://probandapp.com


Ejemplo de importancia de la anamnesis: Embriopatía por metamizol.



Importancia del tamaño craneal y resto de Somatometría



Importancia del tamaño craneal y resto de Somatometría

Saludando al Dr. Juan Sotos invitado en Canarias  
en el Congreso de la SEEP



Gráfica de Perímetro cefálico en hombres y mujeres

Medir el PC bien, desde el nacimiento 
hasta los 24 meses es de mucho interés 

y exploración bien fácil



Seguimiento del Neurodesarrollo: items a cada edad y reflejos aparición y desaparición



https://www.youtube.com/watch?
v=xMdnCKURCZ8

El Reflejo de Babkin: uno de los reflejos arcaicos poco conocidos, 
de gran interés para detectar lesiones cerebrales en caso de no presencia o 

de mantenerse en el tiempo.

https://www.youtube.com/watch?v=xMdnCKURCZ8
https://www.youtube.com/watch?v=xMdnCKURCZ8


Herramientas para la exploración: El Pompero 

http://resources.autismnavigator.com/asdglossary/#/section/9/initiateInteraction

Sirve para distraer al lactante de seis meses en adelante, y 
para explorar cómo comparte con su madre este juego, 

los niños con perfil autista, les gusta mucho, pero NO comparten 
con su madre o padre la experiencia.

http://resources.autismnavigator.com/asdglossary/#/section/9/initiateInteraction


Defectos congénitos al nacer: muchas veces defectos menores dan 
la pista al síndrome o trastorno que lo causa.

Estudio Colaborativo Español de Malformaciones Congénitas 
www.fundacion1000.es 
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system considers the entire face, it was helpful in reviewing the general appearance of faces of the patients with FASD. The gestalt system encodes the detected face as a compilation of measurements, with each describing the appearance at a specific point of the face. These measurements collectively form a robust template of the face that can be readily compared to other faces.19 This deep phenotyping technology has also been described as having a role in objectively making diagnoses after a whole-exome analysis.20
Experimental ProtocolWe compared the rate of discrimination achieved by 2 methods: (1) a manual score guided by the DSS with its comprehensive list of manually annotated features and (2) a computer-aided score using the FDNA technology. Four experiments were conducted. In the first 3 experiments, patients with FAS, PFAS, and ARND were considered, and the efficiency of recognition of each specific disorder was evaluated. In the fourth experiment, the 3 groups of disorders were united as a single group before attempting discrimination. In all 4 experiments, the same group of 50 controls was used.For the second method (FDNA technology), which relies on automatic detections, the list of DSS features used was divided into 2 groups: those detectable in facial images and those that are nonfacial. The nonfacial features were taken from the score sheets completed by experienced pediatric dysmorphologists and used alongside 

a set of 76 frontal and 39 lateral facial features that were automatically detected. The system then combined the 2 feature types together using a linear classifier whose coefficients were obtained from a separate set of training images put aside for this purpose in a cross-validation manner (see below). The distinction between the 2 groups of features is natural in the clinical setting because most clinicians would not experience difficulty in identifying the nonfacial features; yet challenges in the detection of the facial features can be extensive and often require expertise in dysmorphology.To estimate the statistical power of the 2 methods to discriminate between patients with FASD and control patients, a cross-validation scheme was used. As with other such schemes, the data were split randomly (multiple times) into training and test sets. Individuals used for training were excluded from the corresponding test set. In our experiments, each such set (train or test) contained half of the examples (both FASD and controls), and the random process was repeated 10 times. At each of the 10 rounds, the parameters of the automatic recognition methods were independently optimized on the training set and evaluated on the test set.The receiver operating characteristic (ROC) curve is a widely accepted form of measuring classification success. Results for our experiment are reported by computing the area under the curve (AUC) statistic of the ROC curve. An AUC of 1 is indicative of perfect accuracy whereas an AUC 

of 0.5 is the equivalent performance obtained by a completely random coin-flipping system.
RESULTSThe area under the ROC curve for the 4 experiments as well as sensitivity, specificity, and positive and negative predictive values are listed in  Table 1. Permutation tests were run on each of the 4 tests (10 000 random tests each) to estimate the probability of obtaining these results in a random manner. To this end, the labels are randomly permutated over the same descriptors 10 000 times, for each of the tests. Thus, the resulting P value shown in Table 2 is the probability of the obtained result over the distribution of random permutations. Individual ROC curves are shown in Fig 2. AUC values for these curves indicated that the semiautomatic method for detecting FASD patients was able to achieve an overall performance comparable to the manual system. Of particular interest, we found cases of ARND to be identified more efficiently by the semiautomatic system than by the manual method.Visualization of the gestalt analysis is shown in Fig 3. Facial regions colored red represent the primary areas identified in support of an FAS classification, whereas regions less supportive of such a diagnosis are marked with cooler colors. The gestalt analyses were found to be helpful in drawing attention to the most relevant facial regions that support an FASD. In Fig 4, we illustrate gestalt analyses that compare ARND to FAS and PFAS. The average response on patients with ARND is shown for 3 gestalt detectors: ARND, FAS, and PFAS. On visualization, faces of typical patients with ARND appeared to pick up a more diffuse pattern of subtle facial cues in support of classification as ARND. In contrast, FAS and PFAS detectors appeared to focus detection 
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FIGURE 1
Demonstration of FDNA technology.
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proof that facial recognition software can improve the accuracy and speed of ARND diagnosis.If corroborated, our experiments imply that the FDNA technology could play a prominent role  in FASD evaluation and  provide an accessible tool for clinicians, especially general  pediatricians who lack expertise  in dysmorphology. The emergence of FDNA as a commercially available software application gives this technology the potential to prove itself as a useful application in the clinician’s toolbox because barriers to accessing this technology remain low for physicians.

CONCLUSIONSWe found increased diagnostic accuracy for ARND via our computer-aided method. Because this category has been historically difficult to diagnose, we believe our experiment demonstrates that technology can improve ARND diagnosis by introducing a standardized metric for recognizing FASD associated facial anomalies. Further improvement in these methods will facilitate earlier recognition of these patients and, ultimately, lead to earlier intervention with improved patient outcomes in a number of areas, including academic, social, and psychological functioning.
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ABBREVIATIONSARBD:  alcohol-related birth defectARND:  alcohol-related neurode-velopmental disorderAUC:  area under the curveDSS:  Dysmorphology Scoring SystemFAS:  fetal alcohol syndromeFASD:  fetal alcohol spectrum disorderFASER:  Fetal Alcohol Syndrome Epidemiology ResearchFDNA:  facial dysmorphology novel analysisOFC:  occipitofrontal head circumferencePFAS:  partial fetal alcohol syndromeROC:  receiver operating characteristic
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FIGURE 4
Heatmap comparison of FASD showing all regions of the face provide cues supporting ARND 
classification; in FAS and PFAS, only few regions that correspond to the cardinal facial features 
support the diagnosis of FASD. The images show regions supporting classification of A, ARND; B, FAS; 
and C, PFAS. D, Correlation scale.
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El Síndrome alcohólico fetal: sólo se puede diagnosticar pensando en él 
y conociendo su perfil facial y neuropsicológico.



Un fenotipo facial,  
puede ayudar a 

reconocer el síndrome 
que se trata
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