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Origen prenatal de las
' enfermedades no
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~ Nutricion y embarazo:
prevencion de enfermedades
no transmisibles.

Dra. Miriam Tonietti




- 0 Actualmente esta bien establecida la
iInfluencia de eventos tempranos sobre la
salud en etapas posteriores de la vida.

o0 Aunque inicialmente se reconocio el
impacto sobre la salud metabdlica (DM,
enfermedad cardiovascular) el espectro
de condiciones asociadas a exposiciones
tempranas se ha extendido (salud mental,
funcion inmune) | |







e La prevalencia de obesidad y
alteraciones metabdlicas se ha
incrementado dramaticamente
en cada periodo de la vida en
la mayoria de los paises del
mundo.

e Mas alla de la mayor
disponibilidad de alimentos
densamente energéticos y de
la reduccion de los niveles de
actividad fisica, hoy resulta
claro el importante rol del
ambiente temprano
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Magnitud del problema

Mas del 80% de las muertes debidas a las
ECNT ocurren en paises en desarrollo y se
espera que este numero aumente en las

 proximas décadas . (OMS,2005)




[.as consecuencias de la
OBESIDAD

#6) Lé OMS_conc-Iuyé gque actualmente la
Obesidad es la 5° causa de las muertes
globales y responsable de:

0 44% de la carga de DM
- 0 23% de enfermedad coronaria
0 7-41% de algunos canceres
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Morbilidad y calidad de vida

o0 Hay fuerte | | |
. . Carga de enfermedad del Sp/Ob en sujetos de
eV|denC|a de Ia - 20-39 anos. Lancet Diabetes Endocrinol 2015

programacion del ... s ., i o
desarrollo de las
ECNT y su
importancia en

“afios de vida _
perdidos y —
principalmente afios ~
de vida saludables

- perdidos
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g - 191
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Heritable

ill-health in
next generation

Teoria del curso de la vida para el
desarrollo de las ECNT

Affected adult;

interventions

. have limited
Risk effect

Adult:
Human S:reem;lg; m;a_'.r
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cycle reduce rs “

epigenetic and Mother & Infant: Child/ adolescent:
environmental effective point to effective point to
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affect risk of biomarkers of risk

gh risk wrajectory

Detrimental effects of
lifestyle challenges/ increasing mismatch
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OBESITY IN YOUNG MEN AFTER FAMINE EXPOSURE IN UTERO AND EARLY INFANCY z -
. Gian-Paoto Raveiss, MD, M.S, Zexa A. St '
axp Mervy W. Susser, M.B., B.Cn i
Abstract 1in a historical cohort study of 300,000 18- development for adipose-tissue cellularity. During tha i
year-old men exposed to the Dutch famine of m«s first half of pregnancy, however, exponurs resulted in 0-5 =
and examined at military induction, we tested significantly higher obesity rates (P < This ob-
pothesis that vraﬂilll and early postnatal nulr\(inn dr servation is consistent with the 'll‘nw that nutri- T
fermines subsequent obesity. Outcomes wers 0ppo-  tional deprivation affected the differentiation of hypo- EXPOSED E NON-EXPOSED
site napammq 0“ the time of exposure. During the  thalamic centers regulating food intake and growth,
ast Ir\nmmam'wwnlney &nd the first months of lite,  and that subsequen \ncmu-d ooun availability pro- B
exposues produced significantly lower obesity rates  duced an accumulation of exoess fat I an organism l l l I I I
({P<0.005). Thll result is consis !nl with the inference  growing to its gmﬂenﬂmtﬁ mnlmum size. (N Engl J
affocte Med 285:349-353, 1976) o Al A2 B 5 .
DI D2 EI E'" E2 E'2
T34 pistorcal cohortstudy o the Duich famine of - given by Stein and her asociate.* Accoring t0 this
5, we examined prenatal and postnatal lev-  account COHORT
els of nutrition as d:mrmmlml of obesity in 19-year-
old men. Early nutrition has been thought by some to 11 g of b scapion e v iy oo s
inliende adigone cell number . cel sl and dy oo B ok il clongory e st 1400 e
turn, adult cbesity. 12 Others have proposed that the % Koot wore maetned a e sme ke i e 1 Figure 2. Obesity Prevalence Rates among Birth Cohorts in
conditions prevailing in the prenatal period during time, the average daily rarion hadTallen to about 1,400 calories
hypothalemic differentiation.can influcnce appetite, Wi th oret o th fuin i s We, o e e 0 Famine and Control Areas.
growth and subsequent obesity.* This study provides :Azmu:;;m:;" in "Twm;ﬂ* “:dwr pth;um 1 3'; e :ﬂlu{
i indirest tests of both hypotheses Wi had drappe 0 580 caloies Between February and APl
During the last six months of World War 11, from 154, bread i s et it e e o, -
O, Lo44 il lberiion, on May 7, 1945, 0 s e weloves e s s v e -
I acute famine affected the western Netherlands. The tion, but did not reach the low levels of the West. 1n the North, i
! Allied Forces had freed thi Netherlands south of the Table 2. Obesity among 307,700 Military Inductees, Accord-
Rhine, but in the we:(,which was still under Nazi oc- .ing to Period of Birth, in Famine-Area and Control-Area Birth
cupation, an anh.-rx as placed on all incoming Cohorts.
iransport, including food supplics. The embargo way
¢ 3 reprical fo 2 general irike by the Dulc:\Ir;limdn‘d [— FAMINE AREA ConTmoL Area P VaLuer
! 0 an appe e oF BrrrH®
ey ‘gnvmmenl-m—rxlk in London for Support of  oF aeuhets who weae b s [ . -
1 e bt ol B T . morar Tomr & rotar o %
hard winter, soon resulted in {amine. The {amine was _ Famine exposure in the thied trmeserofgetation © v % MRTEE  oOBESE OBESE . miaTM:  omes  omess
particularly severe in the large cities. sharply reduced rtum maternal weight, re- )
Available indexes of famine include the records of  tarded fetal growth o s it by an excess of 8.100 124 1.53 20,400 311 1.52 NSt
] official food rations, measures of fetal growth, and  infant deaths in the first threr months of life. Famine © 9,500 132 1.39 = 21,600 250 1.16 NS
subsequent infant mortaliy and general causespecil:  exposure i the it trimester of gestation, combined © 6,200 51 082 11,200 148 132  <0.005
ic mortality. A full description of the famine and its ef-  with some other unknown factor, was followed by an 7. 126 1.68 ° 17,600 286 1.63 NS
ot me o i il g study is based s excess of premature delieric nfanty of vey low - 4300 119 2377 15900 230 145  <0.0005
birth weight, deaths and malformations of 2.500 41 164 10,500 162 1.54 NS
e e i dmieg oty of Mo, CotioisUnk the central nervous ey, Déoihs during the B 15800 333 211 . 35200 636 181 <0.025
e e o e 1€, AU to maluiriion s the primary cause 17500 305 1.74 20200 527 180 NS
ool of Pl Heuks, G0, 60k S New Yo MY was a contributing factor, numbered about 10,000.¢ 3 © 14,500 294 2.03 25,600 502 1.89 NS
e s o e (R0LD OELLY Seo) Hu:ws\m; Tt | e ot s S £ 8900 179 2.0l 24,700 370 1.50  <0.005
(44015573 fom s s Raonal S Fowanor " ***" three.month averages for ¢ach reqion of the country. Totals - 94,800 1.704 1.80 2125900 3,422 1.61 <0.001

: denotes Jan-May 44, A, Jun-Oct 44, B, Nov 44-Jan 45, B: Jan-May 45, D, Jun-
5!#!‘5 D: Oct-Diec 45, E, Jan-Jun 46, £', Jun-Dec 46, Es Jan-Jun 47, & E7, Jul-Dee 47

*Tesied by chi-square, with | degroe of freedom. $Not significant.




Tasas de mortalidad coronaria segun PN. Hertfordshire &
BM]J 1993. Osmond y col

Men Women
12:p fer= 1033 deaths) 120 (rr= 120 deaths)

|
a4
1

standardized mortality ratio

<25 -39 34 -39 43 =43 <25 29 -34 -39 -43 =43
Birth weight (kg) Birth weight (kg)




$ &
Prevalencia de IGT y Diabetes 2 en hombres de 65
~ade cohorte de Hertfordshire (n=370)
Diabetologia 1993; 36: 225-28.

IGT y diabetes hombres a los - Sindrome metabdlico
64 anos

Fig. 1 Odds ratio for

birth weight among
370 men aged 64 years
born in Hertfordshire
(adjusted for adult

. i z . .
body mass index). irthweight body mass index). Birthweight
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Glucose tolerance in adults after prenatal exposure to famine

THE LANCET « Vol 351 * January 17, 1995

" Findings Glucose concentrations were increased 2 h after

a standard glucose load among exposed participants
(p=0-006), and were highest in men and women exposed
. during mid and |ate gestatinn. Mean 2 h glucuse
concentration amaong fnon-exposed participants was
5-8 mmol /L; concentrations were 0-5 mmol /L {45% CI
0-1-0-9) higher among participants exposed during late

- gestation, 0-4 mmol/L (0-0-8) higher among those

exposed during mid gestation, and O-1 mmol /L {—0-4 10

0-6) among fhose exposed during early gestation.

~Participants born as thin babies to mothers with low
bodyweights had the highest concentrations and
concentrations were especially high among people
exposed to famine who became obese as adults, Prenatal
exposure to famine was related 1o increased fasting
proinsulin (p=0-0%) and 2 h insulin concentrations
(p=0-04), which suggests an association with insulin

resistance.

&,



Poblaciones en las que se encontro
correlacion entre PN y IGT o Sindrome X

Table 1 Populations in which relationships between birth weight, shortness or thinness at
birth and altered glucose and insulin metabolism or the metabolic syndrome have been

described
Age (years)
Indian children 4s
Pima Indians (UsA) 5297
Black south African children 78
Jamalcan school children 6102
salisbury children (UK) Fie
Prepubertal children (Mew Zealand) 8.5
British children 10-111=2
Italian children 81413
Ssouthampton men (UK) 18—25"+
French adults 21'% ]
Australian men 218
Danish men and women 18327
British pregnant women 278
, Pima Indians (USA) 20-381° ,
Mexican Americans and non-Hispanic whites 320
Indian men and womean 326021
Health professional men (LUsA) 4075322
Ooxford men and women (UK) 4323
Chinese men and women 4524
Danish men and women 4525
Preston men and women (UK) 465428
Preston men and women 47557
sweadish men 40-602°
sweadish men 50-76%° a
Dutch men and women 5030
Postmenopausal women (UsA) 50841
sheffield men and women (UK) 5232
, Danish twins 557433 ,
Hertfordshire men (UK} 55742
Murses” health study (women USA) 5934
British women 6535

sweadish men

7055



Diabetes Mellitus: A “Thrifty” Genotype

Rendered Detrimental by “Progress”?
JAMES V. NEEL

Department of Human Genetics,
University of Michigan Medical School,
Ann Arbor, Mich.

FOR THE POPULATION GENETICIST, diabetes mellitus has long presented an
enigma. Here is a relatively frequent disease, often interfering with reproduc-
tion by virtue of an onset during the reproductive or even pre-reproductive years,
with a well-defined genetic basis, perhaps as simple in many families as a single
recessive or incompletely recessive gene (cf. Allan, 1933; Pincus and White,
1933, 1934; Harris, 1950; Steinberg and Wilder, 1952; Lamy, Frézal and de
Grouchy, 1957; Steinberg, 1959; Post, 1962a). If the considerable frequency
of the disease is of relatively long duration in the history of our species, how
can this be accounted for in the face of the obvious and strong genetic selection
against the condition? If, on the other hand, this frequency is a relatively recent
phenomenon, what changes in the environment are responsible for the increase?
Current developments in the study of this disease suggest an explanation with
important biological ramifications.




Dos hlpote51s alternativas para la asociacién entre
pequefio al nacer e IR, NIDDM y Enfermedad
Coronaria (genes y ambiente intrauterino)
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Low birth weight is associated with NIDDM in

discordant monozygoticand dizygotic twin pairs.
Diabetologia. 1997;40:439—-46.

o0 Estudio en Dinamarca demostro que tanto
en gemelos monocigotas como dicigotas
discordantes para DM2, el gemelo
diabético tuvo PN significativamente mas
bajo. | | |
Este estudio refuerza la importancia del

ambiente temprano




Programming
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Hipotesis del fenotipo thrifty

The Thrifty Phenotype Hypothesis

Maternal stress

Infection, undernutrition, | -

placental dysfunction,
smoking, alcohol

B-cell function 1+ Reduced pancreatic
I b-cell mass
Metabolic syndrome Rathin ‘ Muscle, liver, Low birth weight
resistance adipose fissue changes in growth,
metabolism
HPA and and vasculature
Obesity Over-nutrition |« MNeurcendocrine
axes
Hypertension Kidney glomerular
Renal disease number
Fig. 1. A schematic representation of the Thofty Phenotype Hypothesis, illustrating the programmmg effects of a suboptimal in-utero environment, nuttitional or

otherwise, on carly growth and subseguent development of the metabolic syndrome (adapted from Hales and Barker [16]).



Malnutricion materna

ll

Agresion in utero

Menor desarrollo fetal

Programacion anormal de diversas vias metabadlicas

= ~~

Manifestaciones tempranas Manifestaciones tardias

§ . i !

Incremento morbimortalidad perinatal Incremento morbimortalidad tardia




¢ Por qué la nutricion como ¢
estimulo programador?




¢ Por qué la nutricion? Programacion
nutricional en animales

- La manipulacion dietaria en animales
durante el embarazo produce muchos de
los fenOmenos observados en los estudios
epidemiologicos (McCance,1962) _

Ej: < prot madre embarazo:<tamano al
nacer >TA e IGT adultez




Por qué la nutricion?

- 0 Los principales mediadores hormonales
del crecimiento fetal son la Insulina y los
factores insulino-similes (IGF), los cuales
estan regulados por la suplencia de
nutrientes al feto. Ej: bajo aporte de
glucosa al feto resulta en bajas

concentraciones de insulina e IGF y en

disminucion del crecimiento fetal




Eg el PN un buen predictor de riesgo ?7? &

0 . |
=0.51 0.6 mm|
—14
~1.5- _0.2kg 1M
—1lem —0.78kg —-1.9¢m
—2-1-21.1kg

Maternal Newborn

SD Score

Yajnik CS.American Society for Nutritional Sciences, 2004



‘Trayectorias posibles de

crecimiento fetal
Hth

Lreatatlon



DESARROLLO NORMAL

CANALIZACION

PLASTICIDAD

Procesos que
restringen el
desarrollo hacia
un fenotipo
particular

Variaciones en el fenotipo
de acuerdo a senales
ambientales tempranas




-0 El crecimiento es un proceso continuo

o0 Cualquier fenbmeno que produzca una
alteracion temprana en la trayectoria de
crecimiento puede determinar el riesgo de
enfermar mucho tiempo después de
ocurrida la injuria

0 Fendmenos que tienen lugar en
momentos posteriores en la vida pueden
amplificar el riesgo de desarrollar
enfermedad




Las condiciones de salud en la adultez son
dependientes, en parte, de la salud nutricional
de la madre y del crecimiento en la vida

temprana.

Ambos factores independientemente afectan la
sensibilidad a la insulina, la composicion
corporal y la homeostasis energética en general



Diabetes en el embarazo

* Expone al feto a una hiperglucemia a la cual debe
adaptarse.

e Repercute sobre sus patrones de crecimiento
(macrosomia o RCIU), sobre la estructura y funcion
enddcrina del pancreas (hiperplasia e hipertrofia de
islotes) y agotamiento precoz del contenido
insulinico.

e Efecto transgeneracional: El feto mujer expuesto en
utero a DG tiene mayor riesgo de DG en su embarazo



* Los RN de madres con DM 1y 2 tienen
alteracion en la funcion de la célula B
demostrado por mayor insulina en liquido
amniotico.

* > insulina fetal----- > crecimiento fetal

(> glucosa, Aa y lipidos cruzando placenta)

Macrosomia con > adiposidad



Asociacion entre PN y glucemia materna en el
tercer trimestre

3T00 ]

3650
3600
3550

3600 |
3450 4
3400
3350
3300 -

____r_."

4555 5566 6.7-7.7 7.8-11 Diabetes
Third trimester glucose (mmaoli)

Birth weight (g)

1SD de > glucemia
materna aumento 57
g PN



Diferencias en el IMC en hermanos

expuestos Y NO expuestos a DG.
Dabelea, Diabetes 2000

ERSiings neot axpnsed 0o diabates in ulerno
EESElings caposad 1o diabetes i ulers
£5 -

Wizar BMI (kgime]
-

BB B-12 12-16 is-18 18-21 21-24
Aga |vaars|

Figure 4 DMean BMI in Pima Indiae zibling: exposed and nos
exposed o diab=nc mnirsuterine environment, separated 1nto 3-vear
age intervals. Sibling:s exposed have a kigher BMI than those
unexposed (p = {003, contrelled for sibshop by ANOWVAY (63
Reproduced with permission of the jourmal Dinrdeves. & American
Driabetes Association.



Childhood Obesity and Metabolic
Imprinting

The ongoing effects of maternal hyperglycemia

Diabetes Care 30:2287-1292, 2007
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Incidencia de Diabetes 2 en el RN estratificado por categoria de
glucemia materna en tercer trimestre
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Maternal Lipids as Strong Determinants of Fetal
Environment and Growth in Pregnancies With

Gestational Diabetes Mellitus.
Schaeffer —Graf U. Diabetes Care 31:1858-1863, 2008

b

]
Ty (UM} 2

s
i
=}
o

Ha!crmal FFA at ent

a.n

O

ry (ub)

Hafernahl FFA& nrusehin delive

=

10010

a

120.0

1030

r=0.22, p=0.02

r=0.28,p=0.004

200 0 40
FFA in cord blood julll/mil)

200, 250,0 oo
Abdominal circumfarence at entry {mm)

500

3500

r=0.27, p=0.01

[ & 3
= e =
III (= | [ =]

Matemnal FFA close to delivery [uM)

L
(]
o

00,0 401 0 EGD0 aia 0 10060, 0=
Neonatal fat mass (g)

Figure 1—Correlation of maternal semom FEA with fetal prowth and

Jetal FFA. A Maternal FFA at study entry, ~28 weeks of gestation,
and ferdl abdominal crcumference af study cniry. B Matermal FFA
dose to delivery and neonatal fat mass. © Maternal FFA close to
delteery and fetal FEA measured in cord blood serum,



Obesidad materna vy riesgo en los hijos

Tahle 1
A summary af studies which have reparied a relnonship betwesn materal AMlobesry od offprng Lo besty or mepsures thened
Ciation {nhort sze Fallow up age. Concheion
kmght etal M lyems Maternal HMI associater] wath off prmg weight at furh, 1 year and 2 years. Maternal repremmancy AMI & mmelred
1075 with affspring 1] 2 Jyears {r =018, peil (01) during the first rwo years of ife Afer 1 yedr post-dith affring. 141

15 alon comelated wih patermal M1 {at 2 years: r= 003, pedlit)
Whizkeretal 38  dymn The risk of childhood niesity af 4years i asoctaed with maemal ohesty' (mesured durmg firs tmester; 1M1= 30)
4|12 [0k 23 95 (1 20.26)
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Remgan [2005) CE 102154
1
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11841 of biays and parental B] than that for gk
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al 307 {13 vl

Gale et al b fyn Far 1 stanidard deviation merese in mazmal premregrancy B4 G2 mass moex merezed by (L2 stanidand deviaions.
H0R[

Hed. M 1-Myers Matenal pre-preancy D] =0 2mociaed with an incezeed oddk ra fr overweightin the affipring
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Torvanen 2008
E4]
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2001134

Nifos nacidos de madres obesas
tienen 2 veces mas riesgo de ser
obesos a los 2 afios (Whitaker
2004).

El peso de la madre anterior a la
concepcion es un factor de riesgo
adicional para obesidad en |la
adolescencia (Yogev & Langer
2008).

Adolescentes nacidos de madres
obesas o con DM tienen doble
riesgo de tener sindrome
metabdlico (Boney et al. 2005).

Hay una fuerte correlacion entre
el IMC materno y el IMC del hijo
en la adultez



Gestational weight gain and child adiposity at age 3
years. Oken E, Am J Obstet Gynecol. 2007 ;196(4):e1-e8

Child BMI z score .
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Category of gestational weight gain,
according to 1990 Institute of Medicine Guidelines



- 0 Varios estudios demuestran que la
excesiva GPG esta asomada a:
0 > riesgo de GEG (Obstet Gynecol

2014;123:737—-44 Am J Obstet Gynecol
2010;202:574.e1-8.) .

- 0 Sp/adiposidad en nifiez (Am J Clin Nutr
2008;87:1818-24. . Circulation 2010;121:2557—64.)

o0 Sp/adiposidad adolescencia (Obstet Gynecol
2008;112:999—1006)

o0 Sp/adiposidad adultez (Clrculatlon
2009;119:1720-7)



 J

6
GPG y riesgo de Sp en hijos.
Lau E, J Obes 2014

- 0 Revision sistematica sobre 23 estudios

0 Variables: GPG e IMC del hijo entre 2 y
18.9 anos

Los ninos de madres con excesiva GPG
_ (IOM) tuvieron significativamente > z-IMC
(0.74 a 1.73) y elevado riesgo de Sp/Ob (1
a 57%)




Association of excessive GWG with adiposity indicators
‘#nd metabolic diseases of their offspring: systemati

review.
Perez Morales ME . Nutr Hosp. 2015;31(4):1473-1480

Hay asociacion entre la GPG y los
“indicadores de adiposidad u otros
componentes del sindrome metabdlico en la
ninez, durante la adolescencia

o la edad adulta.



‘Associations of maternal BMI and gestational weight gain
- with neonatal

adiposity in the Healthy Start study.
Am J Clin Nutr 2015;101:302-9

0 cada 1kg/m2 de aumento en IMC materno se
- asocio con aumento de la masa grasa neonatal
(5.2 g; 95% CI: 3.5, 6.9 g), masa libre de grasa
(7.7 g; 95% CI: 4.5, 10.9 g), y porcentaje de grasa
corporal (0.12%; 95% CI: 0.08%, 0.16%).

o Cada 0.1-kg/semana de mayor aumento en la
GPG se asoci6 con aumento de la masa grasa
(24.0 g; 95% CI: 17.4, 30.5 g), MLG (34.0 g; 95%
Cl: 21.4,46.6 g), y % de grasa corporal(0.55%;
95% CI: 0.37%, 0.72%).

o ElIIMC pregestacional y la GPG se asocian .
positiva e independientemente con la adiposidad
neonatal ' '



Obesidad en mujeres en el mundo

Prevalencia mundial en mujeres > 20 anos de
SP 35% y Ob 14%

En Ameérica: 62% Sp y 26% Ob
Europa: 50% Sp y 23% Ob
EEUU:64% Sp y 35% Ob



Importancia de |la obesidad en el padre

* El pesoy la dieta alta en grasa del padre afectan
la posibilidad para el desarrollo en el RN de
obesidad y enfermedades metabdlicas

* La obesidad afecta la concentracion, motilidad y
morfologia del esperma y aumenta la
probabilidad de dano de su ADN

* Independientemente ligada a menor PN del RNy
a mayores niveles de adiposidad en ninas pre-

puberales
Ng SF, Nature,2010;467:963—6.



Maternal diet during pregnancy and carotid

intima-media thickness in children.
Gale, C.R. et al. (2006) Arterioscler. Thromb. Vasc. Biol.26, 1877-1882

La estructura vascular en ninos, tan temprano
como a los 9 anos, es dependiente de la dieta
materna antes y durante el embarazo,
independientemente del peso al nacer

Isquemia



Estado nutricional en micronutrientes

e El estado nutricional materno de Fe, |, Ca, B12,
Folico, vitamina Ay C influencian el tamano y
composicion corporal del hijo

* Ninos de madres con bajas concentraciones
de B12 y altas de folatos, mas adiposos e
insulino-resistentes ( vajnik 2006 Nutr Rev 64 (5))



Epigenetica

» 30000 genes codificantes

o Estado de cromatina: critico para determinar
cuando, como y donde se establece la
transcripcion de un gen en un producto
determinado

e Heterocromatina: altamente condensada,
Impide el acceso de los elementos
activadores de la transcripcion y determina
silenciamiento genico de la zona

e Eucromatina: mas laxa, permite acoplamiento
de activadores. en regiones promotoras y la
transcripcion




3 mecanismos basicos

o Metilacién del ADN
- 0 Modificacion de histonas
0 Secuencias de pequefios ARNs no
codificantes
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Figure 2. The shoded sphere depicts the octameric histone complex, which forms the nuclecsome with
the acetylated tails of histones and the cytosines of the CpG sites in an unmethylated state, shown as
open white circles. In this conformation, the chromatin is loosely packed and available for the binding
of transcriptional activating proteins, which, by the action of RNA polymerase Il, synthasize mRIMNA.
The oction of DMNA methyl transferase |DMNMT) methylates the cytosine residues, depicted as red
circles, which provide o docking site for the methyl binding domain proteins {MBD), which aggregate
in conjunction with the action of the histone deacetylase, which cleaves the histone acetyl group. Both
of thase serve to alter the structure of the chromatin hr'_f COusing a condensation that im pedes the access
of the franscriptional activating proteins and thereby blocks mRIMNA synthesis. Alternatively, the normal
active structure of chromatin can become inaccessible for the binding of franscriptional activating pro-
fains b}' the action of Cps meﬁylmiﬂn at sites that ahari::{:“:,r hinder the binding of achiwating profeins,
independent of MBD aggregation.



Rlteraciones en el epigenoma inducidas por"
experiencias nutricionales

s) -
S Epigenotype Nutritional cues that
g affect the epigenome
7)) ] Erasure of DMNA methylation upon
s 3 _fer_t”'?”‘t’gd Protein restriction
(18] o .
o 5 exception Imprintad ganes) == (5|obal restriction
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Long term changes in gene expression
Altered metabolic capacity

:

Altered susceptibility to obesity

Figure 1 Alterations in the epigenome induced by nutritional challenges
results in an altered metabolic capacity and altered susceptibility to
developing obesity in later life. The sensitivity of the epigenome to the
environment (represented by the shading) decreases during postnatal life.

International Journal of Obesit




Epigenetic marks at birth predict childhood
body composition at age 9 years. Godfrey, K.M. et al. (2009)

DOHaD 1, S44
* Recientemente se ha demostrado que el perfil
epigenético en sangre de cordon al nacer
puede predecir las variantes fenotipicas
posteriores independientemente del PN.

* En 2 cohortes independientes el estado de
metilacion del factor de transcripcion RXR se
asocio con adiposidad en la infancia en ambos
sexos, explicando > del 25% de |la masa grasa



Maternal pregestational BMI is associated with methylation of the
PPARGC1A promoter in newborns.Obesity 2009 :1032-9.
Gemma C1, Sookoian S, Alvarinas J, et al

Correlacion positiva entre el IMC materno y |la

metilacion ¢
sangre de cord

rol potencial ¢

el promotor del PPARGC1A en
on (p = 0.0007) lo que sugiere un
el promotor del PPARGC1A en |a

programacion metabdlica del hijo



Recientemente fue demostrada la hipometilacion
en el ADN en el gen de IGF2 seis décadas después
en los que sufrieron exposicion preconcepcional a
la hambruna durante el invierno holandés de 1944-
45. IGF2 juega un rol clave en la division y
diferenciacion celular y en la regulacion
metabadlica.(Heijman)

Folatos, metionina, betaina, colina y vitamina B12

participan en metabolismo monocarbonado que

incluye la metilacion



Cohorte de Helsinski

Eriksson | et al . BMJ1999

20

Body mass indsx (kg/m) af age 11

0 20 22 24 26

28 a0 32

Ponderal index (kg/mr) at birth
Fig 2 Hazard ratios for death from coronary heart disease according
to ponderal index at birth and body mass index at age 11 years,
adjusted for length of gestation. Arrows indicate average values




 Early Nutrition Project

A healthy weight
before conception
gives your baby the
best possibla chance
of lifelong health!

EARLYNUTRITION

Loge o ot 01 Gy i on e el
i Arej et e 1 L e

Don't eat for two, but think for two.
fata ﬁE&.’-fhy'_dlet. and only increase your
dletary energy intake in late pregnancy by
no more than 10%, which isabout
130-200 calories per day.

EARLYNUTRITION

LRG0 AR o Barly AL n o ke Realm
Aot i TR ke, b e s T




UPBEAT Trial
Poston L Lancet Diabetes Endocrinol 2015;3:767-777

0 1555 embaraZadas _obesés

0 Randomizadas a tratamiento
convencional vs intervencion conductual
de 8 lecciones sobre alimentacion y AF

- 0 Reduccion de GPG pero no afecto la
prevalencia de DG ni GEG

0 Sin embargo...




Menor carga glucémicay
grasas saturadas + AF

Skinfolds Z-score (95% CI)

Triceps -0.14 (-0.38 to 0.10)
Subscapular -0.26 (-0.49 to —0.02)

ns, not significant.




Conclusiones

El crecimiento es un proceso continuo.

Hay periodos sensibles en los que un
estimulo o injuria es capaz de provocar
adaptaciones que pueden determinar
un riesgo para el desarrollo de
enfermedades cronicas en la adultez



Desde hace algunos afios esta
emergiendo un nuevo modelo conceptual
en el desarrollo de la enfermedad
modelado no solo por nuestro bagaje
genetico y nuestro estilo de vida sino
tambiéen por el camino que seguimos para
arribar hasta alli: la trayectoria del
_crecimiento




- 0 Prevencion primordial es la mejor
estrategia para la prevencion de las
enfermedades cronicas no transmisibles.

o0 La adolescencia es una ventana de

oportunidad para la consejeria nutricional
para optimizar la salud presente y futura
de madre e hijo
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