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Integracio d’hipotesis de programacié metabolica

Fetal overnutrition
e.q. maternal obesity, high pregnancy
weight gain diet in pregnancy, gestational
diabetes

Fuel-mediated

Fetal undernutrition and obesogenic

childhood environment
e.q. maternal nutritional imbalances,
placental dysfunction

in utero
hypothesis

Obesity/visceral obesity
Metabolic syndrome
Diabetes
Hypertension
Cardiovascular and
other diseases, asthma

—

Mismatch
hypothesis

Accelerated
postnatal

growth
hypothesis

Genes and environment

Postnatal nutrition and growth
e.q. lack of or short breast-feeding,
overfeeding, excessive protein intake
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Integracio d’hipotesis de programacio metabolica

Fetal overnutrition Fetal undernutrition and obesogenic
e.g. maternal obesity, high pregnancy childhood environment
weight gain diet in pregnancy, gestational e.g. maternal nutritional imbalances,

diabetes placental dysfunction
Fuel-mediated Mismatch

in utero hypothesis

hypothesis Obesity/visceral obesity
Metabolic syndrome
Diabetes
Hypertension

Cardiovascular and Accelerated

other diseases, asthma postnatal
growth
hypothesis

Postnatal nutrition and growth
Genes and environment e.q. lack of or short breast-feeding,
overfeeding, excessive protein intake

Koletzko et al 2012
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Integracio d’hipotesis de programacié metabolica

1. Sobrenutricid fetal

Maternal obesity

J

Maternal glucose, insulin, leptin, lipids,
inflammatory response

U

Placenta modifies
materno-placental nutrient supply

J

Fetal developmental plasticity

v

Postnatal weight trajectory

U

Obesity, cardiovascular and
diabetes risk

Acceleracio trans-generacional de la

obesitat i malalties CV

Koletzko et al 2012
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Integracio d’hipotesis de programacié metabolica

2. Hipotesi “Mismatch” o del “fenotip d'estalvi”

Maternal nutritional environment

Placenta modifies
materno-placental nutrient supply

<

Impaired fetal nutrition

U

Fetal developmental plasticity and
appropriate epigenetic changes to

nutritional status
I Low nutrition/high physical activity I I High nutrition/low physical activity I
| postnatal environment | | postnatal environment |
| U 1l 0 |
I Normal disease risk 1 Obestty pard|ova§cular I
and diabetes risk
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Integracio d’hipotesis de programacié metabolica

3. Creixement postnatal accelerat

%
+1 DS velocitat de Cohort OR[95% CI]  Weight

gua ny Weight gain (0 to 1) and Childhood Obesity
HAGUENAU (6 years) 1.19[0.60, 2.38] 1.12

SWEDES (6 years) 2 1.70[0.39, 7.42] 0.25
CPP (7 years) - 2.06 [1.89, 2.24] 74.22
ALSPAC (7 years) 1.93[1.28, 2.93] 3.12
Doble risc SEYCHELLES (11 years) — 1.92 [1.53, 2.42] 10.18
, . . . NFBC (14 years) — 1.57 [1.26, 1.96] 11.12
d’obesitat infantil Subtotal (I-squared = 30.0%, P = 0.211) o 1.97 [1.83, 2.12] 100.00
Weight gain (0 to 1) and Adult Obesity
SWEDES (17 years) 1.03 [0.25, 4.34] 0.16
PBPP (20 years) —_— 1.69 [1.11, 2.58] 1.85
23% increment del HAGUENAU (22 years) —— 1.41[0.99, 2.01] 2.66
EUROAM (26 years) — 1.05 [0.67, 1.65] 1.66
risc d’obesitat NFBC (31 years) -~ 129[1.17, 1.43] 32.88
NSHD (43 years)? — 1.24[1.10, 1.41] 22.27
adulta HCS (66 years) - 1.14 [1.04, 1.26] 38.50
Subtotal (I-squared = 7.5%, P = 0.371) 0 1.23[1.16, 1.30] 100.00

Weight gain (0 to 2) and Childhood Obesity
HAGUENAU (6 years) —— 2.05[1.10, 3.82] 18.54
ALSPAC (7 years) _— 2.84[1.79,4.51] 33.78
NSHD (7 years) —— 2.37[1.61, 3.50] 47.68
Subtotal (I-squared = 0.0%, P =0.691) <> 2.46[1.88, 3.21] 100.00

Druet C et al. Paediatric and

Perinatal Epidemiology 1 i U

2012: 26: 19-26. OR for obesity per 1 SDS increase in infancy weight gain
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Factors de risc primerencs » Risc d’obesitat

Systematic review and meta-analyses of risk factors
for childhood overweight identifiable during infancy

Stephen Franklin Weng," Sarah A Redsell,” Judy A Swift,” Min Yang,”
Cristine P Glazebrook®

e Guany de pes primerenc rapid

e Sobrepés matern pre-concepcional
e Alt pes al néixer - 11 probabilitat d'obesitat

Hipotesi de sobrenutricio fetal

e Tabaquisme matern en I'embaras

infantil i sobrepés.

Hipotesi de infranuricio fetal Weng SF et al, Arch Dis Child 2012
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Nutricio, factor modulador

Plasticitat de desenvolupament — Programacié metabélica
per la nutricid primerenca

Nutricid

~
I\ SO
- A

Finestres critiques de desenvolupament

I ‘\ S o
‘ < S
- D Estructura
) rimera . . .

Epigenetics
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Integracio d’hipotesis de programacié metabolica

Hipotesi de la proteina primerenca

Protein supply
Ingesta proteica en la _ _ _ _
primera infancia Insulin l“C]C&SlIlg amino acids
Modula el risc d’obesitat II]Slllil'l, IGF1

posterior? / \

Weight gain Adipogenic
0-24 months activity

Koletzko B et al. Am J Clin Nutr 2009;89:15025-8S
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Integracio d’hipotesis de programacié metabolica

Growth factors © OO

. i i 0" o0
Aminoacids 4 a (insulin/IGF1) i

A
AAAA

Metformin
N

LKB1 ) —» (AMPK

7

@ FKBP12-rapamycin

7 mTORC1

ey

Growth and metabolism

Growth factor

Y receptor

Current Opinion in Cell Biology
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e Insuina i IGF-I estimulen

mTORC i qix6

incrementa el creixement
tissular.

Pollack P et al. Curr Opin Cell Biol
2009; 21: 209-18
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L'assaig clinic EU CHOP

E= « RCT
e 1089 Nounats assignats a una de 2
formules infantils amb major i menor
continguts proteics (1er any de vida).
e Grup observacional de referencia BF

e Seguiment durant tota la infancia.

! Generalitat de Catalunya Institut Catalz IISPV s
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L'assaig clinic EU CHOP

*x X %

* * EU CHILDHOOD OBESITY PROGRAMME
* * Acronym: CHOPIN
* * Project Number: QLK1-2001-00389

***

THE EARLY NUTRITION PROGRAMMING PROJECT

;%. Project Number: FOOD-CT-2005-007036 (;,
= Acronym: EARNEST €

PROGRAMME

NUTRIMENTHE

N U'[ri N The Effect of Diet on the Mental Performance of
MENTHE Children

Grant agreement n2: 212652

i

EARLYNUTRITION

Long-term effects of early nutrition on later health

i

% “ This project receives funding from the European Union Seventh Frame-
S work Programme (FP7/2007-2013) under grant agreement n° 289346

ROAAAE
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L'assaig clinic EU CHOP

5th FP 6th FP

HP/ LP
BF CFT_/ Valoracio:

ingesta dietética, creixement,
composiciO corporal,
parametres bioquimics,
activitat fisica, historia

Valoracio:

Ingesta dietética, creixement, composicio
corporal, parametres bioquimics, activitat fisica,
historia médica, comportament alimentari

meédica, comportament
/ alimentari /

Bateria
neuropsicologica

AT Generalitat de Catalunya Institut Catala C‘ ) ISPV q 1 3
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L'assaig clinic EU CHOP

Protein supply

Efecte de la ingesta proteica en l'alliverament ’/AA ;-5 oo

Insulin releasing amino acids

12
Insulin, IGF1
Branched-chain amino acids Essential amino acids Non-essential amino acids . / \‘ ) _
ol Weight gain Adipogenic
P <0.001 i il 0-24 months activity
\’ V 3,500+ xL ;;
1,000 - * 2,000+ L] ®
[ ]
L] ®
L ]
- = — 3,000 o
© 2l © © -1
e 800 £ £
=3 = a3
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je! <. -]
J < $ 2,500
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Q Q Qo
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Q L= Qo
Q L] (&
° = o
8 8 1,000 S .
o o o 2,000+
400
1,500
200 500
n=280 n=279 n=178 n=275 n=275 n=175 n=274 n=274 n=175
B 'ower protein higher protein breastfed

Socha P et als. Am J Clin Nutr 2011,94(suppl):17765—-84S
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L'assaig clinic EU CHOP

Efecte de la ingesta proteica en I'eix IGF1

Protein supply

!

Insulin releasing amino acids

Insulin, IGF1

._____/__\ _____

Weight gain Adipogenic

- P <0.001 o p_<_O_ 001 0-24 months activity
27- { 0.8 E
2.6 ! |
0.7 :
S 254 { g {
Y L 061
t_L'J 2.4 0]
— [}]
(1]
3 23 = }
= 0.5-
2.2 1
2.1 0.4 . . )
Higher protein Lower protein Breastfed Higher protein Lower protein Breastfed
Lugue V et al, Pediatric Research 2013
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L'assaig clinic EU CHOP

Protein supply

Associacié entre I'lGF1 | el pes-per-talla (z-score) Insu.im,easifg T

[y}
=3
©»
=R
vE'
—_
Q
i
—

Weight gain
0-24 months

Adipogenic
activity

6 Mmesos 12 mesos

4 4
N=513 N=d45
rho=0.24 rha=0.24
p=0.001 a pe=00,001
@ o
o a n‘o
2 2

Y= ===y

at 12 months
o]
L

WFL (z—scare)
at 6 months
=]
|
WFL (z—scora)
at 24 months

-2 o
5 1 2 5 10 50 100 300 5 1 2 5 10 50 100 300 5 1 2 5 10 50 100 300
IGF1-total (ng/ml) at & months (log-scale) IGF1-total (ng/mi) at & months (log-scale) IGF1-total (ng/mi) at & months (log-scale)
Socha P et als. Am J Clin Nutr 2011,94(suppl):17765—-84S
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L'assaig clinic EU CHOP

Protein supply

l

Insulin releasing amino acids

Associacié entre velocitat de guany de pes i |

v

o o .

composicioé corporal Insulin, IGF1
VAR W

: |1 . - |

Weight gain |, Adipogenic |

0-24 months || activity |

! f
7.54 Table 3. Relation between body composition and anthropometric
r_0-564r p<0001 . o variables at 6, 12 and 24 months (Pearson r correlations)
o Fat mass Fat-free mass
- z-score z-score
8 (Pearson r (Pearson r
‘r:l” (P-value)) (P-value))
$ Anthropometry at 6 months === s @ - = - .- -y
g Weight-for-length z-score 0470 (P=<0.001) 0.167 (0.180)
- BMI z-score 0475 (P<0.001) I 0.160 (0.199) I
L
Anthropometry at 12 months I II I
o * ) ) Weight-for-length z-score 0374 (P=0.002) 0.168 (0.180)
¢ Higher Protein Formula BMI z-score | 0332 (P=0.007) | 0.140 (0.267)
5.0 Qo Lower Protein Formula I I
. . . ? IO Breastf:ad . Anthropometry at 24 months I I
500 600 700 800 900 1000 1100 Weight-for-length z-score 0.259 (P<0.05) I 0.060 (0.641) I
. . . BMI z-score 0247 (P=0.051) |_0.039 (0.763)
Weight gain velocity (g/month) (0 to 6 months) b " n oen  speless  cww s

Escribano J et al. International Journal of Obesity 2012; 36: 548 -553

AN Generalitat de Catalunya stitut Catala ISPV i
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L'assaig clinic EU CHOP

Efecte de la ingesta proteica en el creixement fins als 2 anys

Length—for-age

e Sense efectes en la talla

Z—-score

e Per-per talla més alt en nens

del grup HP als 6, 12 & 24 mesos

Weight-for-length
1.0 1

*k %k

. e No diferencies entre LP i LM

Z—Sscore

24 mesos Koletzko B et al. Am J Clin Nutr
2011;94:20365-2043S

=@= |ower protein === higher protein rnao breastfed
A Generalitat de Catalunya Institut Catalz () ISPV .
Hll¥ Departament de Salut dﬂgxlausaﬁraa @ ics.gencat.cat 1 8



L'assaig clinic EU CHOP

Efecte de la ingesta proteica en el BMI als 2 anys

: p<001* !
04 - ! Da0x090 e IMC més alts en el grup HP als 6,
: CleTens 12 & 24 mesos
7 | _ .
H ! * No diferéncies entre LP i LM
g 0.3 - :
o 0.25 + 0.95 |
A - - - - © - .
N ] : :
0.2 - 0.19+0.89 : Protein supply
! !
: Insulin releasing amino acids
: |
- |
0.1 ! Insulin, IGF1
! /N
"5 P Vs !_ X Weight gain Adipogenic
Lttt [ 0-24 months activity
0.0 % NI
Lower Higher
protein protein
Koletzko B et al. Am J Clin Nutr 2011,94:20365-2043S
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L'assaig clinic EU CHOP

Efecte de la ingesta proteica en el risc d’obesitat a llarg termini?

Protein supply

|

Insulin releasing amino acids

|

Insulin, IGF1

/N

Weight gain Adipogenic
0-24 months activity

Llarg termini?

AR Generalitat de Catalur Institut Catala () ISPV i
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L'assaig clinic EU CHOP

Efecte de la ingesta proteica en el risc d’obesitat a llarg termini?

Estimated differences:
higher protein compared

Higher protein

Lower protein

with lower protein’

Baseline 6y Baseline 6y Estimate (95% CI) P value
Children followed to 6 y
No. of children 550 221 539 227
Age at measurement: | 15(2,27) 72.2(71.9, 72.6) 15 (2, 29) 72.2 (72.0, 72.7)
Weight
(kg) 3.65 + 0.73° 2247 += 428 3.70 = 0.75 21.88 = 3.46 0.67 (—0.04, 1.39) 0.064
(z score) —0.43 = 0.76 0.53 = 1.20 —041 = 0.79 0.38 = 1.01 0.18 (—0.03, 0.38)
Height
(cm) 51.89 = 3.03 116.86 = 4.75 51.96 = 292 117.25 = 4.52 —0.19 (—1.01, 0.63) 0.654
(z score) —0.22 = 1.00 0.23 = 0.94 —0.24 = 1.02 0.30 = 0.88 —0.03 (—0.20, 0.13)
BMI
(kgf‘mz) 13.32 = 1.38 16.36 = 2.29 13.52 = 1.50 1586 = 1.87 0.51 (0.13, 0.90) 0.009
(z score) —0.50 = 0.83 0.55 = 1.27 —0.46 = 0.86 025 = 1.12 0.30 (0.09, 0.52)
Obesitat Efecte de la intervencio
o )
AP BP RRA (IC 95%) OR (IC95%) Reduccié del IMC als 6 anys en el grup LP
10% 4,4% 5,6% (0.9-10,4) 2,43 (1,12-5,27)
Weber M et al. Am J Clin Nutr 2014; 99: 1041-1051
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L'assaig clinic EU CHOP

B Lower protein B Higher protein B breastfed

No—
LN
\
\o
\
AN
N
v

/]
\\

\
\

BMI 90%-Quantile
=
e
\
/
/
\,
\,
\
\,

Efecte de la ingesta proteica en
el risc d’obesitat als 6 anys

Diferencies estimades AP vs. BP
Estimate (95% CI)
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3 6 12 24 30 36 42 48 b4 60 66 72

age in months

A Generalitat de Catalunya Institut Catala C? ISPV
WY Departament de Salut de |la Salut

kg,f’,*n2
Children followed to 6 y of age
Median 0.25 (—0.06, (0.56)
85th percentile 1.0 (.40, 1.549)

90th percentile 1.58 (0.26, 2.89)
95th percentile 1.96 (.65, 3.26)

Efecte exacerbat en els grups de risc.

Weber M et al. Am J Clin Nutr 2014 99: 1041-1051
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Conclusions de I'assaig clinic EU CHOP

 Laingesta de proteina de llet augmenta el
guany de pes durant el primer any de vida !
Protein supply

e Aguest increment de pes esta mediat per
’augment de l'alliberament de BCAA i la l

estimulacié de I'eix IGF-1i mTOR . : : :
Insulin releasing amino acids

e Aguest increment de pes esta associant a un ~lr
major index de massa grasa als 6 mesos Insulin, IGF1
pero no a més massa magra / \

e Un consum més alt de proteines durant el Weight gain Adipogenic
primer any de vida es va associar a un IMC 0-24 months activity

més alt als 2 anys

1 1

Risc d’obesitat als 6 anys s

AT Generalitat de Catalunya Institut Catala ISPV .
QHI):DepartamemdeSalui de |a Salut @ ICS.gencat.Cat 23

e Un consum més alt de proteines durant el
primer any de vida es va associar a un risc
més alt d’obesitat als 6anys




L'assaig clinic EU CHOP

Temes pendents

1. Efecte més enlla: sera significatiu I'efecte de la ingesta proteica
sobre el risc d’obesiata més endavant?

Intervencid
nutricional
Risc

m d’obesitat

als 6 anys

2. Finestra critica: podria una intervencié més tardana tenir efectes
similar o fins i tot acumulatius?

I Generalitat de Catalunya Institut Catala O ISPV i
¥ Departament de Salut de la Salut ICS.gencat.Cat
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Efecte a llarg termini?

80

70 /"’
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0 | | | | |
40 20 1) 70 80 90 1040
Healthy weight Overweight  Obese

BMI percentile at entry into Kindergarten {mean age 5.6 years)

Data from Cunningham SA et al. N Engl J Med 2014
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Efecte a llarg termini?

& Cochrane
] Li brary Waters E et al. Cochrane Database Syst Rev 2011: CD001871

Cochrane Database of Systematic Reviews

Interventions for preventing obesity in children (Review)

Waters E, de Silva-Sanigorski A, Burford BJ, Brown T, Campbell KJ, Gao Y, Armstrong R, Prosser L,
Summerbell CD

Metaanalisi de 37 estudis (n= 27946 nens) amb intervencions preventives (dieta, activitat
fisica, etc)

Effecte estimate de reduccié a IMC = -0.15 (IC 95% -0.21 a -0.09)

u

Reduccié significativa del IMC als 6 anys en el grup BP

Efecte estimat= - 0.51 (95% Cl: 0.13, 0.90; P = 0.009)

Weber M et al. Am J Clin Nutr 2014 99: 1041-1051

AN Generalitat de Catalunya Institut Catala CD ISPV ics. gencat.cat 26
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Futur de la linea d’investigacio: Finestra critica

Toddler Milk Intervention Study clinicaltrials.gov (NCT02907502)

Efecte de la ingesta proteica en el segon any de vida en el risc
d‘obesitat posterior

e RCT
Maig de 2019: Més e 1600 nens d'1 any assignats a una de 2 formules de

1300 nens reclutats, creixement amb major i menor continguts proteics (2er
840 a Catalunya any de vida).

e Seguiment fins als 5 anys.

N Generalitat de Catalunya Institut Catala ' YIISPV "
Hll¥ Departament de Salut de \Iausa\ut @ e ics.gencat.cat 2 7
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