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RCIU* et HTA à l’âge adulte 

 
(* Retard de Croissance Intra-Utérin) 

1231 personnes 

 59-71 ans 

Angleterre (Hertfordshire) 

PN < 3180 g 

TA systolique 
supérieure de  

4 à 8 mmHg 

PN > 3860 g 

Law, BMJ 1993 



RCIU et diabète à l’âge adulte 

370 hommes  

59-70 ans 

Angleterre (Hertfordshire) 

PN < 2495 g 

Diabète NID 

6,6* 

PN > 4309 g 

 

1 

Hales, BMJ 1991 * Ajusté pour l’index corporel 



Aborigènes  

Très forte prévalence de : 

 

• Retard de croissance intra-utérin 

• HTA 

• Diabète type 2 

• Insuffisance rénale  
   (incidence IRT: 2700 p.million) 



Le RCIU est un facteur de risque  

d’insuffisance rénale terminale 
 

• Caroline du Sud  

• Incidence très élevée d’insuffisance rénale terminale  

– 345 par million (vs 268 pour le reste des USA)  

 

• Dont 70% sont attribuées au diabète et à l’HTA 

 

• Analyse des facteurs de risque : 

  Poids de naissance 

  Couleur de la peau (blanche ou noire) 

  Sexe 

 
 

Lackland, Ann Intern Med 2000 



•  Patients en IRT (toutes causes confondues) nés 
depuis 1950 en Caroline du Sud 

 

• Comparaison des poids de naissance entre : 

 

– 1230 patients et 2460 témoins appariés pour : 

 

• le sexe,  

• la couleur de la peau   

• l’âge  

 
 

Nota bene: PN disponible pour 65% des hommes et 35% des femmes 

Lackland, Ann Intern Med 2000 



Odds ratio de l’insuffisance rénale  

par sexe et poids de naissance 

Tous Hommes 

 

Femmes 

PN  

(kg) 
Contrôles 

(n) 
Cas (n) 

Odds 

Ratio  

Contrôle

s (n) 
Cas (n) 

Odds 

Ratio  

Contrôle

s (n) 
Cas (n) 

Odds 

Ratio 

< 2,5 222 147 1,4 160 96 1,2 62 51 1,9 

2,5 - 3 505 256 1,0 330 166 1,0 175 90 1,2 

3 - 3,5 882 436 1,0 622 318 1,0 260 117 1,0 

3,5 - 4 623 268 0,9 479 210 0,9 144 58 0,9 

> 4 228 124 1,1 193 102 1,0 35 22 1,4 

Lackland , 2000 



Odds ratio de l’insuffisance rénale  

par cause et poids de naissance 

Cause Diabète HTA Autres Inconnue 

PN 

(kg) 

Contr 

(n) 

Cas 

(n) 

Odds 

Ratio  

Contr 

(n) 

Cas 

(n) 

Odds 

Ratio  

Contr 

(n) 

Cas 

(n) 

Odds 

Ratio 

Contr 

(n) 

Cas 

(n) 

Odds 

Ratio  

< 2,5 35 19 1,3 69 48 1,4 107 71 1,3 11 9 2,1 

2,5- 3 105 45 1,0 140 80 1,2 231 113 0,9 29 18 1,6 

3 - 3,5 172 72 1,0 261 135 1,0 396 207 1,0 53 21 1,0 

3,5 – 4 123 66 1,3 176 58 0,6 294 131 0,8 30 13 1,1 

> 4 31 31 2,4 72 38 1,0 114 49 0,8 11 6 1,3 

Lackland , 2000 
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Global implicat ions for kidney disease

Maternal and fetal nutrition

Maternal protein and calorie restriction

Box 2 | Maternal factors impacting BW and prematurity*  

Developmental

 Maternal BW <2.5 kg or >4.0 kg

 Short stature, stunting (height <145 cm)

Behavioural

 Cigarette smoking

 Alcohol consumption

 Substance and/ or drug abuse

Demographic

 Age <18 years or >40 years

 Ethnicity

Health-related

 Under-nutrition, low maternal body mass index

 Iron deficiency

 Malaria

 Diabetes mellitus or gestational diabetes mellitus

 Hypertension

 Preeclampsia, eclampsia

 Chronic kidney disease, transplant, dialysis

 Birth before term

 Multiple gestations

 Multiparous (≥3)

 Assisted reproduction

 Infections

 Obesity

Social

 Highly active antiretroviral therapy for HIV

 Prenatal care

 Unplanned pregnancy, birth spacing

 Teenage pregnancy

 Marriage during childhood

 Conflict, war, stress

 Environmental conditions

 Education level

 Poverty

Environmental

 Seasonal variations in nutrient availability

 Toxin or pollutant exposure

* This list is collated from several different sources.18,20,103,168–179  

Abbreviation: BW, birth weight.

Table 1 (cont.) | Developmentally programmed associations with blood pressure and kidney disease

Condition Age Number 
analysed

Study type Outcome Risk (95% CI)

Programmed associations with kidney disease (cont.)

Maternal 

GDM

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.54 (1.13–2.09)

Maternal 

overweight

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.24 (1.05–1.48)

Maternal 

obesity

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.26 (1.05–1.52)

HBW <21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ Not signif cant

* Mean gestational age 30.2 weeks, mean birth weight 1,280 g; ‡Twin pairs discordant for hypertension. §CKD definition included reduced renal function, renal 

dysplasia and/ or aplasia and obstructive uropathy. Abbreviations: BMI, body mass index; BW, birth weight; CKD, chronic kidney disease; DBP, diastolic blood 
pressure; ESRD, end-stage renal disease; GDM, gestational diabetes mellitus; GFR, glomerular filtration rate; HBW, high birth weight; LBW, low birth weight; ODM, 
offspring of diabetic mother; SBP, systolic blood pressure; vs, versus.

REVIEWS

© 2015 Macmillan Publishers Limited. All rights reserved
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Global implicat ions for kidney disease

Maternal and fetal nutrition

Maternal protein and calorie restriction

Box 2 | Maternal factors impacting BW and prematurity*  

Developmental

 Maternal BW <2.5 kg or >4.0 kg

 Short stature, stunting (height <145 cm)

Behavioural

 Cigarette smoking

 Alcohol consumption

 Substance and/ or drug abuse

Demographic

 Age <18 years or >40 years

 Ethnicity

Health-related

 Under-nutrition, low maternal body mass index

 Iron deficiency

 Malaria

 Diabetes mellitus or gestational diabetes mellitus

 Hypertension

 Preeclampsia, eclampsia

 Chronic kidney disease, transplant, dialysis

 Birth before term

 Multiple gestations

 Multiparous (≥3)

 Assisted reproduction

 Infections

 Obesity

Social

 Highly active antiretroviral therapy for HIV

 Prenatal care

 Unplanned pregnancy, birth spacing

 Teenage pregnancy

 Marriage during childhood

 Conflict, war, stress

 Environmental conditions

 Education level

 Poverty

Environmental

 Seasonal variations in nutrient availability

 Toxin or pollutant exposure

* This list is collated from several different sources.18,20,103,168–179  

Abbreviation: BW, birth weight.

Table 1 (cont.) | Developmentally programmed associations with blood pressure and kidney disease

Condition Age Number 
analysed

Study type Outcome Risk (95% CI)

Programmed associations with kidney disease (cont.)

Maternal 

GDM

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.54 (1.13–2.09)

Maternal 

overweight

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.24 (1.05–1.48)

Maternal 

obesity

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.26 (1.05–1.52)

HBW <21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ Not signif cant

* Mean gestational age 30.2 weeks, mean birth weight 1,280 g; ‡Twin pairs discordant for hypertension. §CKD definition included reduced renal function, renal 

dysplasia and/ or aplasia and obstructive uropathy. Abbreviations: BMI, body mass index; BW, birth weight; CKD, chronic kidney disease; DBP, diastolic blood 
pressure; ESRD, end-stage renal disease; GDM, gestational diabetes mellitus; GFR, glomerular filtration rate; HBW, high birth weight; LBW, low birth weight; ODM, 
offspring of diabetic mother; SBP, systolic blood pressure; vs, versus.
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Table 1 | Developmentally programmed associations with blood pressure and kidney disease

Condition Age Number 
analysed

Study type Outcome Risk (95% CI)

Programmed associations with blood pr essure

Preterm 

birth*

17.8 years 3,080 subjects Systematic review and 

meta-analysis54

SBP Increase by 2.5 mmHg 

(1.7–3.3 mmHg) vs term birth

LBW 4–84 years 20 studies Meta-analysis55 Hypertension OR 1.21 (1.13–1.3)

SBP Increase by 2.28 mmHg  

(1.24–3.33 mmHg) for 

BW <2,500 g vs BW >2,500 g

HBW 4–84 years 20 studies Meta-analysis55 SBP Decrease by 2.08 mmHg 

(–2.98 to –1.17 mmHg) for 

BW >4,000 g vs BW <4,000 g

4–83 years 31 studies Meta-analysis8 Hypertension, children RR 1.18 (1.05–1.32)

Hypertension, adult RR 0.97 (0.86–0.97)

Overall RR 1.0 (0.93–1.06)

BW 0–84 years 444,000 

subjects 

Systematic review160 SBP Decrease by 2 mmHg per kg 

increase in BW

Catch-up 

growth

0–84 years 444,000 

subjects

Systematic review160 SBP Increase with catch-up growth

Highest blood pressure values 

in LBW after catch-up

Offspring of 

pregnancy 

complicated 

by pre-

eclampsia

Children, 

young adults 

45,249 

subjects

Systematic review61 SBP Increase by 2.39 mmHg  

(1.74–3.05 mmHg)

DBP Increase by 1.35 mmHg 

(0.9–1.8 mmHg)

BMI Increase by 0.62 kg/ m2

Pregnancy 

complicated 

by diabetes

2–17 years 61,852 

individuals 

Systematic review and 

meta-analysis60

SBP Increase by 1.88 mmHg  

(0.47–3.28 mmHg) in ODM 

(only signif cant in males when 

stratif ed by sex)

Genes vs 

environment

Birth years 

1926–1958

16,265 

subjects

Same-sex twin study, 

all59

Hypertension OR 1.42 (1.25–1.69) 

per 500 g decrease

595 subjects Dizygotic pairs‡ Hypertension OR 1.34 (1.07–1.69) 

per 500 g decrease

250 subjects Monozygotic pairs‡ Hypertension OR 1.74 (1.13–2.70) 

per 500 g decrease

Fetal and/

or infant 

exposure 

to famine

37– 43 years 1,339 subjects Cohort, Biafra 

famine, Nigeria 

(1967–1970)84

SBP Increase by 7 mmHg 

in exposed

Hypertension OR 2.87 (1.9–4.34)

59 years 971 subjects Cohort, Dutch famine 

(1944–1945)87

SBP Increase by 2.77 mmHg 

(0.25–5.30 mmHg) after 

≥10 weeks’ exposure

DBP Not signif cant

Hypertension OR 1.44 (1.04–2.00) after 

≥10 weeks’ exposure

48–53 years 724 subjects Cohort, Dutch famine 

(1944–1945)85

Albuminuria OR 3.2 (1.4–7.7) for exposure 

to famine in mid-gestation

SBP, DBP Not signif cant

52–53 years 549 subjects Cohort, siege 

of Leningrad 

(1941–1944)86

SBP Not signif cant

Albuminuria Not signif cant

Programmed associations with kidney disease

LBW 12–75 years 46,249 

subjects

Systematic review8 CKD OR 1.73 (1.44–2.08)

ESRD OR 1.58 (1.33–1.88)

Albuminuria OR 1.81 (1.19–2.77)

Reduced GFR OR 1.79 (1.31–2.45)

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 2.88 (2.28–3.63)
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1994 enfants avec MRC* nés entre 1987 et 2008 dans l’état de Washington 

* hypodysplasie rénale et uropathies obstructives 

J Am Soc Nephrol 2015 



White et al, Am J K Dis 2009 



keijzer 



Keijzer-Veen et al, 2005 

Débit de filtration glomérulaire Protéinurie 

Poids à la naissance Poids à la naissance 



Vikse, JASN 2007 

IRT et poids de naissance 

en Norvège 



Pourquoi ? 



Diète pauvre  

en protéines 

•  HTA 

•  Diabète 

•  Insuffisance rénale 

RCIU 



Merlet-Benichou, 1994 

Diète pauvre en protides 

Diète normale 

RCIU et réduction néphronique chez le rat 



Merlet-Benichou, 1994 

Ligature de l’artère utérine 

Diète pauvre en protéines 



Nombre de néphrons à la naissance 

(capital néphronique) 

200 000 1 300 000 

Hypoplasie rénale 



Arch Int Med Hayman et al, 1939 





« First hit » « Second hit » 

PGC 

SNGFR 

Insuffisance rénale 

Néphropathie 

Surpoids 

Excès protéique 

HTA 

Diabète 

Théorie de Brenner 



Réduction 

néphronique 
Insuffisance rénale  

chronique 

Exemple de l’oligoméganéphronie  

Hypertrophie  compensatrice  des néphrons >>>> sclérose glomérulaire 



Réduction  
néphronique 
congénitale 

Insuffisance  
Rénale 

Protéinurie 

10 20 30 30 40 50 60 70 80 90 





Skilton, Lancet 2005 

Le phénotype vasculaire pourrait être déterminé  

avant la naissance 

C 

(3762, n=23) 

RCIU 

(2713, n=24) 
Poids de  

naissance (g) 

Épaisseur de  

l’intima-média (carotide) 

à la naissance 



HTA obésité 

dyslipidémie résistance  

à l’insuline 

Pathologies  

cardio-vasculaires 

Petit poids de naissance : facteur de risque du 

syndrome métabolique 



HTA obésité 

dyslipidémie résistance  

à l’insuline 

Pathologies  

cardio-vasculaires X 
HTA obésité 

dyslipidémie résistance  

à l’insuline 

Enfant Adulte 

Petit poids de naissance : facteur de risque du 

syndrome métabolique 



Déterminants génétiques 

L’environnement 



Déterminants génétiques 

L’environnement 



Epigénétique : modifications de l’ADN régulant l’expression 

des gènes qui peuvent être conditionnées par l’environnement 



E N V I R O N N E M E N T  



Réduction  
néphronique 
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Réduction  
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Facteurs diététiques 

Programmation  fœtale (Barker) 

Tabac 
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Prévenir avant la naissance… 

• Insuffisance placentaire (pré-eclampsie …) 

• Malnutrition (ration protéique, fer, vitamine A) 

• Tabac, alcool, drogues  

 

• Milieu socio-économique, âge <18a, multiparité 

• Problème majeur dans les pays en voie de 

développement 
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Developmental programming of nephron number

in utero

in vivo
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Figure 1 | Prevalence of SGA, preterm births and LBW infants by United Nations Millennium Development Goal regions 

in 2010. Abbreviations: AGA, appropriate for gestational age; LBW, low birth weight; SGA, small for gestational age. 

Permission obtained from Elsevier Ltd © Lee, A.C.C. et al. Lancet Glob. Health 1, e26–e36 (2013). 
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Global implicat ions for kidney disease

Maternal and fetal nutrition

Maternal protein and calorie restriction

Box 2 | Maternal factors impacting BW and prematurity*  

Developmental

 Maternal BW <2.5 kg or >4.0 kg

 Short stature, stunting (height <145 cm)

Behavioural

 Cigarette smoking

 Alcohol consumption

 Substance and/ or drug abuse

Demographic

 Age <18 years or >40 years

 Ethnicity

Health-related

 Under-nutrition, low maternal body mass index

 Iron deficiency

 Malaria

 Diabetes mellitus or gestational diabetes mellitus

 Hypertension

 Preeclampsia, eclampsia

 Chronic kidney disease, transplant, dialysis

 Birth before term

 Multiple gestations

 Multiparous (≥3)

 Assisted reproduction

 Infections

 Obesity

Social

 Highly active antiretroviral therapy for HIV

 Prenatal care

 Unplanned pregnancy, birth spacing

 Teenage pregnancy

 Marriage during childhood

 Conflict, war, stress

 Environmental conditions

 Education level

 Poverty

Environmental

 Seasonal variations in nutrient availability

 Toxin or pollutant exposure

* This list is collated from several different sources.18,20,103,168–179  

Abbreviation: BW, birth weight.

Table 1 (cont.) | Developmentally programmed associations with blood pressure and kidney disease

Condition Age Number 
analysed

Study type Outcome Risk (95% CI)

Programmed associations with kidney disease (cont.)

Maternal 

GDM

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.54 (1.13–2.09)

Maternal 

overweight

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.24 (1.05–1.48)

Maternal 

obesity

<21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ OR 1.26 (1.05–1.52)

HBW <21 years 1,994 cases

20,032 controls

Case–control study76 Childhood CKD§ Not signif cant

* Mean gestational age 30.2 weeks, mean birth weight 1,280 g; ‡Twin pairs discordant for hypertension. §CKD definition included reduced renal function, renal 

dysplasia and/ or aplasia and obstructive uropathy. Abbreviations: BMI, body mass index; BW, birth weight; CKD, chronic kidney disease; DBP, diastolic blood 
pressure; ESRD, end-stage renal disease; GDM, gestational diabetes mellitus; GFR, glomerular filtration rate; HBW, high birth weight; LBW, low birth weight; ODM, 
offspring of diabetic mother; SBP, systolic blood pressure; vs, versus.
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Lee 2013 

Un problème majeur dans les pays  

en voie de développement 



Enfants nés petits : population à risque 

• Facteurs de risque supplémentaires en période néonatale 

• Insuffisance rénale aiguë fréquente 

• Infections, antibiotiques, bas débit sanguin (malfo 

cardiaques …) 

• Nécessité d’un suivi à long terme 

 

 Néonatalogue > pédiatre > médecins d’adultes* 

 

* néphrologues, diabétologues, cardiologues …. 

 



CONCLUSION 

• Informer, rassurer, prévenir … 

• Evaluer le risque (histoire néonatale) 

• Suivre la pression artérielle 

• Microalbuminurie 

• Plus si nécessaire  



Merci pour votre attention ! 

remi.salomon@aphp.fr 



PPN et sensibilité au sel 

Simonetti et al, Hypertension 2008 



20 prématurés (25±2 SA) 

Recul moyen 7.5 ans (3.2-18.5) 

9 IRC 

PN: 648g (505-960) 

Insuffisance rénale chez le grand préma avec RCIU:  

le gain pondéral intervient 

Abitbol et al. Ped Nephrol 2003 



Stangenberg et al, 2015 


