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Prevalenceof overweightand obesityin European
-

Approximately 43 million
children worldwide are
estimated to be encountering
a problem obbesity;
21-24%children and
adolescents are overweight,
and 1618% of individuals
have abdominal obesity
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Tabaquismanmaterno durante el embarazot Obesidad

infantil
vonKriesR, ToschkéAM, Koletzko Bslikken. Am EpidemioR002;156

Adj. ORsobrepesal.43 (1.07; 1.90) Adj. abesidad?.06 (1.31; 3.23)
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Lactanciamaternay obesidad

Meta-analisis
Covariate adjusted odds ratios, pooled odds ratio
Arenz, Ruckerl, Koletzko, von Kries. Int J Obesity 2004
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2014

Obesity amongst women 2014

e , global pbesity prevalence will reach 18% in
men and surpass 21%womerf)

Change 19722014

Number of cbese women [millions)
| |

NCD Risk factor Collaboration, Lancet 2016
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Metabolic diseases during Pregnhancy

Metabolic diseasebesity, type 2 diabetes,
hypertensiol) have Increased in the modern

0 20 40 60 80In IDF Regions and global projections for the number of people with diabetes (20-79 years), 2010-2030
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The percentage of women with a BMI>30
in several countries. USA data also
includes BMI>25 (Catalano, 2006)




weight (g)

Underfeeding
at 3-6 wks

20
age (weeks)

weight (g)

400}

300

200

Underfeeding
at 9-12 wks

ace (weaks)

Prof. Cristina CampeyJniversityof Granadeg



mailto:ccampoy@ugr.es

X La malnutricion en animales durante la vida precoz, y no durante

la adultez, determina el tamano corporal
Elsie Widdowson & MacCance, Cambridge 1970

X Programacion (Programming) de las funciones del adulto y de las
enfermedades, mediante hormonas, metabolitos y

neurotransmisores durante periodos criticos del desarrollo. Giinter
Ddrner, Berlin, Germany 1974

X Programacion mediante la nutricion precoz en el humano
Alan Lucas, Cambridge, UK 1991

X Origenes del desarrollo de las enfermedades del adulto por

malnutricion fetal y bajo peso al nacimiento
David Barker, Nick Hales, Oxford, Southamptom, UK 1992

Prof. Cristina CampeyJniversityof Granadeg



mailto:ccampoy@ugr.es

RETRASO de CRECIMIENTO POSTNATAL

CIR SIMETRICO
NO SE OBSERVA FENOMENO DE RECUPERACION
MAL PRONOSTICO A LARGO PLAZO



Z P e s macamiento+ ¥ indice de mortalidad a los 20-74 afios
en 10,141 hombres nacidos en Hertfordshire 1911-1930

Barker1994
Recién nacidos con bajo peso al nacimiento Y
riesgo alargo plazo de enfermedad coronaria
TIPO B

¢ Efectos de la malnutricion prenatal?

x Pobre crecimiento fetal
V Hipotesis del origen fetal de las enfermedades del
adulto

¢ Efectos de la nutricion postnatal?

x Efecto compensador con un crecimiento postnatal excesivo
V Hipotesis de una aceleracion del crecimiento
postnatal

CIR ASIMETRIC!




BAJO PESO PARA LA EDAD DE
GESTACION

MALNUTRICION FETAL

RETRASO POSTNATAL de CRECIMIENTO
OBESIDAD y CO- MORBILIDADES

HIPERTENSION ARTERIAL DIABETES TIPO I,
ALTERACIONES SISTEMA INMUNE

NEUROLOGICAS
Paralisis cerebral infantil

Epilepsia
Disfuncién cerebral minima

PSIQUICAS
Déficit mental

ANOMALIAS ASOCIADAS A LA CAUSA




Promoting growth — risks and benefits
Preterm Infants

BENEFIT RISK

Cardiovascular
disease

Bone health
Cognitive function

Short-term survival




‘Grow now — pay later’

Metcalfe
TEE 2001:16:254




Typical diet during the Dutch famine




Estudios en humanos- Estudio Famine 1944-45
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Structural changes




Gene: Environment interaction

Bad genes Bad environment

Disease



Potential environmental epigenetic regulators

- animal models

w Maternal care 8stress

w Endocrine disruptors

w Folateand micronutrients

w Multiple dietary compounds
w Assisted reproduction

- superovulation and/or embryo culturing
w Alcohol exposure
w Smoking
w Pollution/heavy metals/particulates
w Many others emerging
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In all eukaryotes

Addition of methyl group to DNA




Maternal diet and the neonatal epigenomea focus on folate

a Dietary supplementation during pregnancy
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Increasing dietary methyl donors

Wolff GL, et al. FASEB J. 1998; 12: 95
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Key Hypotheses

Fetal Overnutrition
e.g. maternal obesity, high
pregnancy weight gain diet in
pregnancy, gestational diabetes

Genes and Environment

Fuel mediated

in utero
Obesity/Visceral Obesity hypothesis
Metabolic Syndrome
Diabetes
Hypertension
Accelerated Cardiovascular and
postnatal other Diseases, Asthma

growth Mismatch
hyp othesis hypothesis

Fetal Undernutrition and Obesogenic

Childhood Environment
e.g. maternal nutritional imbalances,
placental dysfunction

Postnatal Nutrition and Growth

e.g. lack of or short breastfeeding,
overfeeding, excessive protein intake

modified from Kolelfzko et al, A&m J Clin Nulr, 2011 Dac,84(6). 20365-20435.

www project-earlynutrition.eu



Transgenerational Circle of Obesity

| Maternal Obesity \

Maternal glucose, insulin, leptin, lipids,
inflammatory response

.

PLACENTA MODIFIES
MATERNO-PLACENTAL NUTRIENT SUPPLY

J

Fetal Developmental Plasticity

g

POST—NATAL WEIGHT TRAJECTORY

g

Obesity , Cardiovascular and

H H modified from Koletzko et al)
Dlabetes RlSk A J Clin Nutr, 2071

Dec;94(6).20365-20435.

www project-earlynutrition.eu



Mismatch between pre- and postnatal

Environment

PLACENTA MODIFIES
MATERNO-PLACENTAL NUTRIENT SUPPLY

O

Impaired fetal nutrition

L

Fetal developmental plasticity &
appropriate epigenetic changes to
nutritional status

< U

Low nutrition/high physical activity || High nutritionflow physical activity
postnatal environment postnatal environment

U | U

" . Obesity , Cardiovascular
Normal Disease Risk I and Diabetes Risk |

www project-earlynutrition.eu




Postnatal accelerated Weight Gain

High intake of growth enhancing

nutrients e.g. protein

1

e.g. high plasma and tissue levels
of insulinogenic amino acids

1

Enhanced secretion of

insulin & IGF1
Weight gain up Adipogenic
to 2 years activity

1 1

Long term risk of obesity
and associated disorders

www project-earlynutrition.eu

modified from Koletzko et al, 2009
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A L aportunidad de optimizar la nutricion en la vida precozo

Acelerada sin control
EU: 14 M sobrepeso, 3 M obesos

Epidemia mundial:
145 M sobrepeso, 30-45 M obesos

valence
1980s-90s rate

Prevalence (%)
|_\
o1

0-
1970 1980 1990 2000 2010
Years

La diabetes tipo Il se esta produciendo en nifios y adolescentes

Hace unos afios era una jpatologia propia de individuos por encima de los

50 anos!



Causas de la obesidad

A[ | amadimportantes ¢ excesadeingesta
energética reducciondel gastoenergético

A[ I étrasin ngincluyendo aumentode laedad
materng aumentode latemperaturaambiental
reduccionde losfumadores aumentodel usode
antidepresivosetc.

Keith et al (2006)Int J Obesity30, 15851594



Mother obesity/diabetes determinespathologic
phenomenain the mothersandtheir offspring .

i

SO
ww.figo.org

MOTHERS

Mortality (Verousthrombo-embolism..)

Morblility (Gestationabiabetes, preS Of I YLIAA | = X0
Anesthesicomplications
PerinatalcomplicationgCaesareansection Haemorrhage.)

FETUS & NEONAT de
CongenitaDefects |

PerinatalDeath

Placentaldysfunction f/
Stillbirth :
IUGR
Macrosomia .
Shoulderdistocy y
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Potential links between mother excessody weight (EBW)during and
after pregnancyand elevatedrisk of EBW imer offspring.

. ™)
N Healthy birth weight “
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f  Vaginal delivery »
= < Healthy gut microbiota ‘ Healthy body weight
[ ] Breastfeeding ‘
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Paliy et al. Nutrition 2013



Adipose tissue composition

White adipose tissue

Brown adipose tissue

:
.




Fat cell number through the life cycle
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- Birthweight- = adult BMI in
Danish conscripts aged 1% years

Adjusted for gestational age, birth length, maternal factors
Sorensen et al., BMJ 1997




PERIODOS CRITICOS DE RIESGO DE OBESIDAD

ETAPA FHTAL DE
DESARRQLLO DEL
TEJIDOADIPOSO

14% DH LOS LACTANTES
CON SOBREPESO SERAN
ADULTQS|OBESOS

40% DH LOS NINOS
OBESOIS A LOS 6-7 ANOS
SERAN|ADULTOS OBESOS

60% DH LDS ESCOLARES
PREPUBERES OBESOS
SERAN|ADULTOS OBESOS

80% DH LS
ADOLESCENTES OBESOS
SERAN|ADULTOS OBESOS




Factors influencing obesity development along childhood

Girls over- fat
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Dietary patterns
Social and culturahspects
Affectiveand personabspects

Genotype/ Geneticpredisposition

(Moreno LA et al. World Rev Nutr Diet 2013;106:119-26)
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Cohortstudiesanalyzingepigeneticinfluencesand the persistenceof suchsignatures

GUSTO study (Asia)

Danish Cohort
Early Nutrition Project ( Europe)

Nutritional intervention studiesin obesepregnantwomen

Limit Trial (Australia)
Upbeat Study (UK)

Nigo-Health (Spain)
Rolo Study (Ireland)

>470.000 pregnant women and their offspring




SCIENTIFIC EVIDENCES

EARLYNUTRITION

Increasedisk of obesity in offspring of obese pregnant worhetping to break an
Intergenerational cycle afbesity and related disorders.

A Evidence thaexcessive weight gain in pregnancy and/or rapid earlyfant
weight gain leads to later obesity will help to formulate policies to revérse
Increasingates of childhoodbesity and canorbidities.

A Evidence thatlietary modifications in infancy, in particular relatingo
breastfeedingnd complementary feeding practices, as wellea®l compositional
approaches to infant formula, can reduce the risk of obasdyelateddisorderan
offspring

. - This project receives funding from the European Uniotl
www.project-earlynutrition.eu _z B Seventh Framework Programme {FP7/2007-2013) unde



EarlyNutrition Priority Recommendations

Preconcepcion, Embarazo,
Lactancia al pecho & Lactante

Nutricion Precoz:
10 recomendaciones para
la planificacion familiar

m S

T EARLYNUTRITION

Project No. 289346 Long=term effects of early nutrition on later health www.project-earlynutrition.eu/recommendations




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

EARLYNUTRITION

Long-term effects of early nutrition on later health
Project No. 289346 www.project-earlynutrition.eu/recommendations




Don‘t eat for two, but think for two!
Eat a healthy diet and only
increase your dietary energy intake
in late pregnancy by no more
than 10 %, which is about
180 - 200 calories.

EARLYNUTRITION

Long-term effects of early nutrition on later health
Project No. 289346 A 5 www.project-earlynutrition.eu/recommendations




European
Commission

Project No. 289346

EARLYNUTRITION

Long-term effects of early nutrition on later health
www.project-earlynutrition.eu/recommendations




No cow’s milk

in the first year
of life!

AI

TRITION

= B EARLYNU
Commssion '1 Long-term effects of early nutrition on later health

Project No. 289346 www.project-earlynutrition.eu/recommendations
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Early programming of gut microbiota-brain axis

Cristina Campoy, Prof. MD.

Department of Paediatrics. School of Medicine
EURISTIKOS Excellence Centre for Paediatric Research
Institute of Neurosciences. Health Sciences Technological Park
University of Granada. Spain

3'd Annual meeting of the MyNewGut project
22-23 August 2017, Cork, Ireland

e Www.mynewgut.eu

Grant Agreement no: 613979
www.mynewgut.eu
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Brain Networks Studied

SalienceNetwork Auditory Network Somatosensorial ExecutiveControl Motor Network: Motor
(Attention) Network Network Coordination
Default Mode Network: Ventral Area Visual Network Fronto-Parietal Attention Network (left
(left) DorsalArea(right). Responsibl®f andright)
the brainactivity whenmindisin resting
state
GUT

CPREQBE Follow up
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Childrenbrain volumesas afunction
of Maternal Obesity
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VBMresults
A Obesity vs. Normaleight

Childrenborn to NormalWeight
Mothersshowedlargervolumes
thanthosebornto Obese
pregnantmothersin acluster
that peaksat the left Precuneus
embracingalsopart of the right
Precuneusnd asmallpart of
LeftMid Cingulate

TheObesitygrouphadlarger
volumesin clusterspeakincat
the left FusiformandLingual
Gyrus andpartsof the left and
right cerebelum



VBMresults

A Precuneus:

I Restraint eaters have reduced Precuneus vol. (Joos et al., 2011, van der Laan et al. 2016).
I Itis linked to altered functional connectivity in obeses (Kullman et al., 2012).

I It has been involved in episodic memory retrieval, self-awareness, and visuo-spatial
Imagery (Cavanna & Trimble, 2006).

A Cerebellum:

I Obese people (Pannacciulli et al., 2006) and restraint eaters have reduced Cerebellar
volumes, that seem to recover after psychological interventions (Eynde, et al. 2012).

I It has arole in feeding and emotion regulation (Amianto et al., 2013).
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VBMresults

A Fusiform gyrus:
I Has a negative correlation with BMI (Taki et al., 2008).

I Itis involved in the processing of visual information, and to elicit enhanced
responses to high-caloric foods (Killgore et a., 2007, Frank et al., 2010).

I Its activation after wheight-loss programs predicts less successful weight
maintenance (Murdaugh et al, 2012).

A Lingual Gyrus:
I Negatively correlated with waist circunference (Kurth et al, 2013)
I Enhanced response to high-caloric foods (Murdaugh et al., 2012)

A Middle Temporal:
I Positive correlation with BMI (Taki et al, 2008).
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Life-course determinant oHealth

Bio-Psychosocial
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Intermediary phenotypes
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Long term diseases
Unhealthy ageing




Some basic statistics
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Diabetes and aging

bi-directional relation affecting social factors and economy

Unhealthy & inactive aging

++ Lifelong treatment

+ Cognitive decline

+++ Loss of productivity
+ Early retirement

++ Job loss

Total cost (U 2012)

$176 Healthcare cost
$69 Loss of productivity

$245 hillions




DynaHEALTH projecfTHE GPA

DynamicHealth indicator
Glucoc Psychosocial Axis = GPA

Glucose

'

GPA status

&

Brain anatomy | Metabolic markers,
Cognition Body composition

Psycho \\\ Social

Socio-economic status, Education
Stress, Working life




Epigenetic
Response
Brain Health
and
psychological
factors

Genetic build-up

determinants

)@ DynaHEALTH
DynaHEALTH
Glycemic Health
and
Body composition
Glucose

Social

and factors

Social

Pathways to unhealthy aging

Childhood response
Unhealthy early growth
Impaired cognitive development
Low social functioning

Fetal adversity
Metabolic
Psychological
Social

Adult health pathways
Obesity and Impaired glucose tolerance
High risk behavior
Low employability

Unhealthy and inactive aging

Obesity and Type 2 diabetes
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Rationale

Health' and Activity at all age is a composite
and/or the results of th&s.P.A. buildup and of

specific investment (or intervention) made to
Influenceit.

L Accumulation of physical and mental disorders throughout life
2 Social activity according to aged working, retirement age....)
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fe-course framework
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The model works !
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Long path ahead

Epigenetic programming Growth trajectoriesg weight gaing BMI tracking
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