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Spécificités du suivi nutritionnel
§Alimentation équilibrée recommandée pour la population générale
§ Majoration max de 10% de l’apport énergétique – min 1600 Kcal/j

§Répartition
§ Protéines ≥1g/kg/j 
§ <30% lipides en évitant les saturés, 2 portions de poisson/sem, dont poisson gras, éviter 

les poissons prédateurs (300mg DHA)
§ 400g/j minimum de fruits et légumes
§ 25g/j minimum de fibres

§Reconnaitre les carences (FIGO): 
§ Fer, iode, folates (400µg jusqu’à 12SA) , calcium, vit D, vit A, vit B12 (végétarien, végan)

Chin Wan Ma et al, Lancet Diabetes Endocrinol 2016
Koletzko et al, Ann Nutr Metab, 2019



Interprétation des dosages
§Pas de normes spécifiques pour la femme enceinte: interprétation prudente (grade C)

§Diminution de 25-30% pour la plupart
§ Hémoglobine, albumine, vitamines B9, B12, A, et D, zinc, calcium, ferritine, magnésium, PTH

§Stables
§ Sélénium, préalbumine

§Augmentation
§ vitamine E, cuivre, céruléoplasmine

Ciangura et al, 2019 



Précautions de supplémentation
§Mêmes schémas que pour la personne non enceinte en tenant compte des 
éventuels risques fœtaux d’un surdosage

§Vitamine A (>10 000 unités/j) : risque tératogène

§ Fer (hématocrite > 39%) : risque de petit poids pour l’âge gestationnel

§Protéines (> 1,6 g/kg/j) : risque de petit poids pour l’âge gestationnel



Chirurgie bariatrique
§Consultation médecin ayant une expertise en chirurgie bariatrique: 
préconceptionnelle ou à défaut dès le début de grossesse puis trimestrielle 
(accord d’experts)
§ Évaluer l’état nutritionnel
§ Renforcer la prise en charge: Multivitamine systématique, rechercher et corriger les carences
§ Anticiper l’organisation du suivi

§Alimentation recommandées pendant la grossesse après chirurgie bariatrique 
§ Apports protéiques > 60 g/j → Consultation diététique

+ reco habituelles de la femme enceinte 

Ciangura et al, 2019



Spécificités concernant l’activité physique 
§Activité physique modérée: 30 min /j minimum 5j/7 (NICE, ACOG)

§Réduction de :
§ Prise de poids gestationnelle
§ Césarienne
§ HTA
§ PN > 4kg
§ Hypoxie néonatale

Muktabhant et al, Cochrane 2015
Simon et al, Obes Rev 2020



Une grossesse à risque(s)?



Risques maternels 

§T1

§T2 / T3

- vasculaires : HTA - PE 

- métaboliques : DG, D type 2

- thrombotiques









IOM 2009



Pendant l’accouchement



Pendant l’accouchement



Césarienne





Recommandations (1)
CNGOF 2007 : 

matériel adapté : tensiomètre / table d’examen ou lit / table d’opération / sondes d’échographie, 
monitoring





Recommandations (2)
HAS : 2009

Orientation des femmes

en fonction du niveau de risque



§Evalua]on chiffrée des risques

§Orienta]on du parcours pa]ente

Suivi CHU mul]disciplinaire endocrinologue / obstétricien

Echo supplémentaires, mensuelles, niveau 2

§Maillage autour de la pa]ente

§Préven]on : 

Kardegic 160 mg/j

§Protocole de recherche clinique 



Conséquences de l’obésité maternelle 
sur le fœtus / nouveau-né



Prématurité

those with PPROM and those with spontaneous preterm
labour. The source of these reduced risks is from mothers
without diabetes or hypertension whose spontaneous deliv-
eries were initiated by spontaneous preterm labour. Table 4
shows that this was observed in both the Swedish and the
secondary California analysis and sheds light on the origin
of one of the most controversial issues that some studies
report that obesity is protective for PTB.

An often-cited study of 2900 obese women reported that
obesity was related to a lower rate of spontaneous PTB (17).
We believe that the major source of this and other
seemingly paradoxical findings stem from differences in
the source of data, the composition and size of the study

cohort, and from differences in analytic design. While a
critique of previous studies is beyond the scope of this
commentary, small studies will be heavily weighted by later
gestational age PTBs, and spontaneous births in these later
PTBs would be expected to show a protective relationship
(Table 4). In the primary analysis of our California cohort,
where women with hypertension or diabetes were excluded,
the relationship between obesity and PTB was strongest in
the very youngest gestational age groupings, especially in
primiparous and non-Hispanic White and Hispanic
women. In the more mature preterm babies, the relation-
ships became insignificant or protective, especially in
multiparous, and African American women (9).

Table 1 Relationship between BMI and the risk of preterm singleton deliveries in California and Sweden

BMI*

22–27 Weeks** 28–31 Weeks 32–36 Weeks

n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Normal (18.5 to <25)
California 1542 (0.28) 1 (ref) 2893 (0.53) 1 (ref) 32 613 (5.97) 1 (ref)

Sweden*** 1084 (0.16) 1 (ref) 2573 (0.38) 1 (ref) 26 427 (3.90) 1 (ref)

Overweight (25 to <30)
California 1077 (0.35) 1.19 (1.10, 1.29) 1693 (0.54) 0.97 (0.91, 1.03) 18 670 (6.04) 0.97 (0.95, 0.99)

Sweden 560 (0.21) 1.30 (1.17, 1.44) 1137 (0.43) 1.12 (1.04, 1.20) 11 001 (4.13) 1.06 (1.03, 1.08)
Obesity I (30 to <35)

California 723 (0.47) 1.61 (1.48, 1.77) 992 (0.65) 1.14 (1.06, 1.23) 10 015 (6.60) 1.05 (1.02, 1.07)
Sweden 234 (0.29) 1.73 (1.49, 2.01) 450 (0.55) 1.42 (1.28, 1.58) 3847 (4.73) 1.20 (1.16, 1.24)

Obesity II (35 to <40)
California 341 (0.55) 1.87 (1.66, 2.11) 458 (0.74) 1.32 (1.19, 1.46) 4348 (7.13) 1.14 (1.10, 1.18)
Sweden 81 (0.33) 1.98 (1.57, 2.51) 173 (0.72) 1.85 (1.58, 2.17) 1282 (5.35) 1.35 (1.27, 1.43)

Obesity III (40 + )

California 213 (0.60) 1.93 (1.67, 2.23) 260 (0.73) 1.26 (1.11, 1.44) 2770 (7.87) 1.25 (1.20, 1.30)
Sweden 38 (0.46) 2.73 (1.96, 3.80) 77 (0.93) 2.29 (1.80, 2.90) 485 (5.91) 1.49 (1.36, 1.64)

*Body mass index (BMI); BMI in California based on measured height and reported prepregnancy weight. OR risk adjusted for maternal age, parity, education,

maternal height, race/ethnicity, prenatal care; BMI in Sweden based on measured weight and reported height at the initial first trimester visit. OR risk adjusted for

maternal age, parity, education, maternal height, country of birth, smoking, year of birth.

**Weeks of gestation.

***Swedish data from Cnattingius et al., (10) e-table 3, information on BMI from the first trimester.

Bold numbers are significant at p ! 0.05.

Table 2 The relationship between increasing BMI and the percentage of preterm singleton deliveries that are spontaneous or medically indicated and their incidence of diabetes
hypertension

All BMI*
Underweight
(<18.5) Normal (18.5 to <25)

Overweight (25 to
<30) Obese I (30 to <35)

Obese II (35 to
<40) Obese III (40 + )

n % n % n % n % n % n % n %

Total deliveries 82 093 100.0 3485 100.0 37 048 100.0 21 440 100.0 11 730 100.0 5147 100.0 3243 100.0

Spontaneous 57 749 70.3 2495 71.6 26 331 71.1% 14 962 69.8% 8207 70.0% 3547 68.9% 2207 68.1%

**Diabetes/

Hypertension

15 322 26.5 325 13.0 4728 18.0% 4277 28.6% 3086 37.6% 1686 47.5% 1220 55.3%

Medically indicated 17 020 20.7 610 17.5 6978 18.8% 4571 21.3% 2685 22.9% 1301 25.3% 875 27.0%

***Diabetes/

Hypertension

5887 34.6 102 16.7 1731 24.8% 1620 35.4% 1186 44.2% 694 53.3% 554 63.3%

*In infants delivered at 22–366/7 weeks of gestation.

**Percentage of ALL spontaneous deliveries.

***Percentage of ALL medically indicated deliveries.

588 ©2014 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 2014 103, pp. 586–591

Maternal obesity and preterm delivery Gould et al.

Gould et al., Acta Paediatr 2014
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Poids prégestationnel et macrosomie

This is related directly to the lack of consensus about the
categorization of pre-pregnancy BMI and offspring overweight/
obesity.

We undertook subgroup analyses to evaluate other sources of
bias in the review (Table 1). We found that differences in sample size,
study method, quality grade of study, source of pre-pregnancy BMI

or infant BW had a strong impact on the association between pre-
pregnancy obesity and LGA, and that the factors may explain (at least
in part) the heterogeneity between studies. Further studies should
consider these factors and avoid such sources of heterogeneity.

Simultaneously, we assessed the quality of included studies, and
found that 86.7% of the studies were of low/medium and not high

Figure 4. Forest plot of the association between pre-pregnancy overweight or obesity and being LGA.
doi:10.1371/journal.pone.0061627.g004

Maternal BMI in Relation to BW and Offspring OB
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Yu et al, Plos One 2013



Programmation: Les 1000 jours
DOHaD

§ Environnement
§ Epigéné]que

Ø Syndrome métabolique
Ø Diabète de Type 2
Ø Hypertension Artérielle
Ø Obésité
Ø Maladies Cardiovasculaires…

Lancet 1989Ravelli, Roseboom

1 lb = 0,45 kg



Malformations congénitales

the!bmj " BMJ 2017;357:j2563 " doi: 10.1136/bmj.j2563
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Congenital heart defects were the most prevalent 
subtype of organ specific malformation, and risks 
increased with maternal overweight and increasing 
obesity in a dose-response pattern. This is consistent 
with findings from a meta-analysis focused on con-
genital heart defects, reporting increasing risks with 
maternal overweight, and with women in obesity 
class I (BMI !" to <!#) and obesity classes II and III 
(BMI !!#).!$

The largest organ specific risk ratios related to 
increasing maternal obesity were observed for malfor-
mations of the nervous system. Compared with o%-
spring of normal weight mothers, o%spring of mothers 
in obesity class III had an almost doubled risk of major 
congenital malformations of the nervous system. In line 
with the present finding, a meta-analysis on maternal 
BMI and risk of malformations reported a close to two-
fold increased risk of neural tube defects in o%spring of 
obese mothers.&' However, the obesity related risks of 
malformations in the nervous system must be inter-
preted with caution as antenatal detection of these mal-
formations might be more di(cult in obese women 
compared with normal weight women.

Strengths and limitations of this study
Strengths of the present study include the population 
based study design, with more than one million 

 singleton births. The large sample size enabled us to 
investigate the e%ects of overweight and severity of 
obesity on risks of major congenital malformations and 
several specific malformation subgroups. Data on 
exposures and outcomes were prospectively collected 
within the universally accessible Swedish healthcare 
system. Maternal BMI was calculated based on mea-
sured weight, which limits recall bias, but height was 
self reported. We used standard BMI categories as 
defined by WHO.!) Major congenital malformations 
were classified according to the EUROCAT categorisa-
tion. Because we used data from several nationwide 
registries, we had an opportunity to identify the major-
ity of infants with a diagnosis of a major congenital 
malformation within the first year of life. Furthermore, 
we were able to adjust risk estimates for important con-
founders.

Our study was restricted to live births. Malformations 
are more common in pregnancies ending in miscarriage 
or stillbirths, and some prenatally diagnosed malfor-
mations may also lead to induced abortions. In particu-
lar, most pregnancies complicated by neural tube 
defects are terminated by induced abortion.*  The 
 Swedish national registries with patient level data do 
not include individual data on malformations in preg-
nancies with miscarriages, stillbirths, and induced 
abortions. However, aggregated data for Sweden 
reported on the EUROCAT website for the period )""*-&! 
show that there were ##& cases of neural tube defects, of 
which !+$ (*)%) were classified as termination of preg-
nancy for fetal anomaly.!*

Antenatal detection of congenital malformations 
may be more di(cult in obese than in normal weight 
women.!'  If some malformations in o%spring of obese 
women (notably neural tube defects) were less likely 
to be diagnosed prenatally and the women underwent 
an induced abortion, we may have overestimated the 
risks of malformations in o%spring of obese mothers. 
However, risks may be underestimated if obesity is 
associated with malformations leading to sponta-
neous abortion. This hypothesis is supported by find-
ings from studies including information about 
pregnancy terminations and reporting a doubled risk 
of neural tube defects and a #"% increased risk of car-
diovascular anomalies in pregnancies with obesity.&'  
In this study we used BMI as a proxy for adiposity. 
This is a reasonable assumption given the strong cor-
relation between BMI and fat mass in early preg-
nancy.!+ We did not have information on the fat 
distribution, which may be of interest to further 
explore the association between overweight and 
severity of obesity and risks of malformations. In 
addition, we cannot rule out the possibility of resid-
ual confounding by unknown or unmeasured factors, 
such as alcohol use. Power was limited for analyses of 
less prevalent malformation subgroups by increasing 
severity of maternal obesity.

Potential mechanisms
The pathophysiology of malformations is  multifactorial, 
with interactions between genetic and environmental 
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Fig ! | Major congenital malformations in liveborn singletons by maternal body mass index 
(BMI) in underweight (BMI <"#.$; n=!% #&'), normal weight (BMI "#.$ to <!$; n=($& ')!), 
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tetralogy of Fallot or transposition of
the great arteries was found, although
the OR for transposition of the great ar-

teries was close to significance (OR,
1.41; 95% CI, 0.97-2.06; P = .07)
(Figure 3). When overweight mothers

were compared with mothers of rec-
ommended BMI, there was no signifi-
cant difference in the occurrence of te-

Figure 2. Forest Plot for Neural Tube Defects

Lower Odds
in Higher BMI

Higher Odds
in Higher BMI

101.00.1

Odds Ratio (95% CI)

Cases Controls

No.No. Total No. Weight, %Obese

All neural tube defects

Total No.
Odds Ratio

(95% CI)

5569 292 11.5Anderson et al,38 2005 189 2.48 (1.63-3.76)
3241 119 6.3Hendricks et al,26 2001 109 1.64 (0.94-2.87)

32 65721 489 545 10.0Källén,45 1998 253 1.27 (0.81-1.98)
3046 422 8.6Shaw et al,21 1996 397 1.71 (1.06-2.77)
2648 429 8.0Waller et al,20 1994 408 2.07 (1.26-3.40)

572147 2813 42.6Waller et al,42 2007 462 1.83 (1.47-2.27)
9219 1592 7.4Watkins et al,22 1996 185 1.87 (1.11-3.14)
3610 248 2.9Watkins et al,37 2003 32 2.68 (1.17-6.12)
1123 62 2.8Werler et al,23 1996 58 3.05 (1.32-7.04)

Heterogeneity: I2 = 0.0%; P = .51a; P = .36b

Overall (fixed-effects): P<.001

Anencephaly
5521 292 25.0Anderson et al,38 2005 67 1.97 (1.09-3.56)
2614 429 19.2Waller et al,20 1994 156 1.53 (0.78-3.01)

57230 2813 51.5Waller et al,42 2007 141 1.06 (0.70-1.60)
363 248 4.3Watkins et al,37 2003 9 2.94 (0.70-12.31)

Heterogeneity: I2 = 27.0%; P = .25a; P = .75b

Overall (fixed-effects): P = .03

Spina bifida
5548 292 15.4Anderson et al,38 2005 122 2.80 (1.75-4.46)

32 65919 489 593 15.1Källén,45 1998 205 1.43 (0.89-2.29)
2629 429 10.8Waller et al,20 1994 199 2.64 (1.51-4.62)

572117 2813 55.9Waller et al,42 2007 321 2.25 (1.76-2.87)
366 248 2.9Watkins et al,37 2003 16 3.53 (1.21-10.32)

 219  100.0863 2.24 (1.86-2.69)

 68  100.0373 1.39 (1.03-1.87)

 424  100.02093 1.87 (1.62-2.15)

Heterogeneity: I2 = 25.6%; P = .25a; P = .12b

Overall (fixed-effects): P<.001 

Heterogeneity: I2 = 0.0%; P = .55a; P = .75b

Overall (fixed-effects): P = .01

Cases Controls

No.No. Total No. Weight, %Overweight

All neural tube defects

Total No.
Odds Ratio

(95% CI)

9358 330 12.7Anderson et al,38 2005 178 1.23 (0.83-1.83)
4837 135 7.0Hendricks et al,26 2001 105 0.99 (0.58-1.68)

54 74034 511 628 15.3Källén,45 1998 266 1.22 (0.85-1.75)
4681 229 11.5Velie et al,40 2006 265 1.75 (1.16-2.65)

858126 3099 40.7Waller et al,42 2007 441 1.05 (0.84-1.30)
10816 1608 6.6Watkins et al,22 1996 182 1.34 (0.77-2.32)
558 267 2.7Watkins et al,37 2003 30 1.40 (0.59-3.32)
2021 71 3.5Werler et al,23 1996 56 1.53 (0.72-3.23)

Anencephaly
9326 330 30.4Anderson et al,38 2005 72 1.44 (0.84-2.47)

85842 3099 66.3Waller et al,42 2007 153 0.99 (0.69-1.42)
552 267 3.3Watkins et al,37 2003 8 1.29 (0.25-6.54)

Heterogeneity: I2 = 0.0%; P = .52a; P >.99b

Overall (fixed-effects): P = .46 

Spina bifida
9332 330 17.2Anderson et al,38 2005 106 1.10 (0.68-1.78)

54 74727 511 681 24.2Källén,45 1998 213 1.21 (0.81-1.81)
85884 3099 55.8Waller et al,42 2007 288 1.08 (0.82-1.40)
554 267 2.8Watkins et al,37 2003 14 1.54 (0.47-5.10)

 147  100.0621 1.12 (0.92-1.37)

 70  100.0233 1.12 (0.83-1.50)

Heterogeneity: I2 = 0.0%; P = .92a; P = .67b

Overall (fixed-effects): P = .25 

 381  100.01523 1.20 (1.04-1.38)

Data markers within each subplot are proportional to the assigned study weight.
aTest for heterogeneity between studies. bTest for heterogeneity between definitions of obese/overweight.

MATERNAL OVERWEIGHT AND OBESITY AND CONGENITAL ANOMALIES

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, February 11, 2009—Vol 301, No. 6 643

Stothard, JAMA 2009
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fected by a cardiovascular anomaly.30

Of the 4 articles with fewer than 150
cases, 3 found no evidence of associa-
tion16,47,50 while 1 reported signifi-
cantly higher odds among obese moth-
ers.49 Additional data provided in
Cedergren et al29 also identified in-
creased odds of cardiovascular anoma-
lies associated with maternal obesity.

Two additional articles reported the
relative odds of a pregnancy affected by
an outflow tract anomaly,25,28 including
1 with more than 150 cases.25 Neither

identified a significant association with
maternal obesity. Body mass index or
weight data were also reported in rela-
tion to hypoplastic left heart,32,37,47 co-
arctation of the aorta,32,37 patent ductus
arteriosus,16 and aortic anomalies.16 No
significant evidence of an association was
identified in any of these articles.

Orofacial Clefts
Obese mothers were at significantly in-
creased odds of a pregnancy affected by
either cleft palate (OR, 1.23; 95% CI,

1.03-1.47; P=.02) or cleft lip and pal-
ate (OR, 1.20; 95% CI, 1.03-1.40;
P=.02) compared with mothers of rec-
ommended BMI (FIGURE 4) but not for
cleft lip alone. Cleft lip, cleft palate, or
cleft lip and palate did not occur more
frequently in mothers who were over-
weight, although, for cleft lip, the OR
was close to significance (OR, 1.29; 95%
CI, 0.97-1.71; P=.08).

Three articles with unique data were
excluded from the meta-analy-
sis,16,25,47 including 1 with more than

Figure 4. Forest Plot for Orofacial Clefts

Lower Odds
in Higher BMI

Higher Odds
in Higher BMI

Cases Controls

No.No. Total No. Weight, %Obese Total No.
Odds Ratio

(95% CI)

Cleft lip
86 71641 630 621 95.4Cedergren and Källén,32 2003 263 1.16 (0.83-1.62)

362 248 4.6Watkins et al,37 2003 18 0.74 (0.16-3.34)

Heterogeneity:  I2 = 0.0%; P = .57a; P = .57b

Overall (fixed-effects): P = .45  43  100.0281 1.13 (0.82-1.57)

Heterogeneity: I2 = 25.6%; P = .31a; P = .13b

Overall (fixed-effects): P = .02  243  100.01188 1.20 (1.03-1.40)

Cleft lip and palate
86 68374 630 478 36.9Cedergren and Källén,32 2003 406 1.40 (1.09-1.80)

572165 2813 61.2Waller et al,42 2007 757 1.09 (0.90-1.33)
364 248 1.9Watkins et al,37 2003 25 1.12 (0.36-3.46)

Heterogeneity: I2 = 0.0%; P = .54a; P = .83b

Overall (fixed-effects): P = .02   174  100.0865 1.23 (1.03-1.47)

Cleft palate
86 68968 630 477 45.0Cedergren and Källén,32 2003 407 1.26 (0.97-1.63)

572104 2813 53.6Waller et al,42 2007 434 1.24 (0.97-1.57)
362 248 1.4Watkins et al,37 2003 24 0.54 (0.12-2.38)

Cleft lip
104 13455 648 039 92.6Cedergren and Källén,32 2003 277 1.29 (0.96-1.74)

555 267 7.4Watkins et al,37 2003 21 1.21 (0.42-3.43)

Heterogeneity: I2 = 0.0%; P = .90a; P = .90b

Overall (fixed-effects): P = .08  60  100.0298 1.29 (0.97-1.71)

Heterogeneity: I2 = 0.0%; P = .48a; P = .46b

Overall (fixed-effects): P >.99  292  100.01237 1.00 (0.87-1.15)

Cleft lip and palate
104 12069 647 915 30.4Cedergren and Källén,32 2003 401 1.09 (0.84-1.41)

858215 3099 66.9Waller et al,42 2007 807 0.95 (0.80-1.13)
558 267 2.7Watkins et al,37 2003 29 1.47 (0.62-3.49)

Heterogeneity: I2 = 0.0%; P = .88a; P = .65b

Overall (fixed-effects): P = .86  199  100.0890 1.02 (0.86-1.20)

Cleft palate
104 12069 647 908 40.9Cedergren and Källén,32 2003 408 1.06 (0.82-1.38)

858125 3099 56.5Waller et al,42 2007 455 0.99 (0.79-1.23)
555 267 2.7Watkins et al,37 2003 27 0.88 (0.32-2.42)

Cases Controls

No.No. Total No. Weight, %Overweight Total No.
Odds Ratio

(95% CI)

101.00.1

Odds Ratio (95% CI)

Data markers within each subplot are proportional to the assigned study weight.
aTest for heterogeneity between studies. bTest for heterogeneity between definitions of obese/overweight.
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We also lacked information about malformations
in stillbirths, miscarriage, or induced abortions. Mal-
formations are more common in pregnancies with
miscarriage or stillbirth. Prenatal identi!cation of
congenital heart defects may also lead to induced
abortion. If obesity also increases risk of congenital
heart defects ending in fetal death, we may have
underestimated risks. Also, because we calculated
PRRs of each heart defect by keeping all children
without the speci!c heart defect in the denominator,
our results may have been biased towards the null.
However, PRRs may also have been overestimated;
prenatal ultrasound detection of congenital malfor-
mations can be more dif!cult in obese pregnant
women (40), and visualization of the fetal heart may
be impaired (41). Another possible limitation in this
study is the lack of information on maternal alcohol
and drug use in pregnancy, factors that have been
associated with increased risk of congenital heart
defects (10). In Sweden, the National Board of Health
and Welfare strongly recommends women to avoid all
alcohol use during pregnancy. In the 2016 annual
report from the National Swedish Pregnancy Register,
3.8% of women screened positive on the Audit scale
for “possible risk consumption” of alcohol the year
before pregnancy according to de!nitions by WHO
(42). Thus, even if misuse of alcohol in pregnancy is
rare in Sweden, we cannot rule out the possibility that

risk estimates were confounded by maternal use of
alcohol or other drugs.

Results from previous studies on risks of speci!c
heart defects have been inconsistent. This may be
due to methodological differences between studies,
but may also re"ect the lack of a gold standard for
categorization of multiple and speci!c congenital
heart defects. Even though ambitious attempts have
been made to create a system for classi!cation
of congenital heart defects (43), there is still no
consensus on the best approach.

POTENTIAL MECHANISMS. Our !ndings of increased
PRRs of aortic arch defects, ASD, and patent ductus
with increasing maternal BMI is in accordance with
!ndings from a population-based study from the
United States and with data from a recent meta-
analysis (13,21). Increased fat mass, and in partic-
ular increased visceral fat mass, is associated
with insulin resistance, hyperinsulinemia, lipo- and
glucotoxicity, subclinical in"ammation, endothelial
dysfunction, and oxidative stress (39,44). These
metabolic, in"ammatory, and vascular alterations
may adversely impact the development, gene
expression, and function of the placenta of potential
harm to the embryo. It has also been proposed that
maternal obesity may induce epigenetic changes
in the embryo with increased risks of impaired
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Allaitement

receive full breastfeeding at 1 and 3 months of age versus
reference-weight mothers (Fig 1). However, the per-
centage of infants still receiving any breast milk at 1 and
3 months of age did not differ (Fig 1). While in the
hospital, a significantly greater proportion of obese
women reported difficulties breastfeeding (eg, cracked
nipples, fatigue, or difficulty initiating breastfeeding)
versus reference-weight women (Fig 2). Consistent with
this, obese women more often reported using silicone
nipple protectors (obese: 25.0% [15 of 60] vs reference:
10.0% [6 of 60]; P ! .05). Moreover, among mothers
who continued to breastfeed, obese women more often
reported difficulties (cracked nipples, fatigue, or inade-
quate milk supply) versus reference-weight women at
both 1 and 3 months postpartum (Fig 2).

Fewer obese mothers perceived their milk supply as
adequate at 1 and 3 months versus reference-weight
mothers (Table 3). Moreover, the main reason reported
by obese women to stop breastfeeding was inadequate
milk supply (16 of 29 [55.2%]) versus only 33.3% (7 of
21) of reference-weight women. Other reasons reported
for discontinuing breastfeeding included insufficient in-
fant weight gain, return to work, and fatigue. Obese
mothers more often reported feeling uncomfortable
breastfeeding in the presence of others compared with
reference-weight mothers. However, the difference only
reached significance at 3 months but not at 1 month
(Table 3) or on the maternity ward (obese: 33.3% [19 of
57] vs reference: 18.3% [11 of 60]; P " .06). Obese

mothers were less often followed by health professionals
or organizations for breastfeeding support (Table 3). The
difference was significant at 3 months only but not at 1
month (Table 3) or on the maternity ward (obese:
18.3% [11 of 60] vs reference: 35.0% [21 of 60]; P !
.05, not significant after Bonferroni adjustment). No
significant differences were reported by obese versus
reference-weight women for fatigue, changing positions
between feedings, or the number of feedings per day or
night (Table 3).

DISCUSSION
It is well known that obese women are less successful at
breastfeeding.17,18 Here we observed that prepregnant
obese women are more likely to give up full but not
partial breastfeeding in the first 3 months, and we pro-
vide new insights on behavioral and psychological fac-
tors that likely contribute to this association. Potential
reasons identified in this work include perceived insuf-
ficient milk supply, feeling uncomfortable with the idea
of breastfeeding in public, and reluctance to seek support
for breastfeeding. Of interest as well is the lower gesta-
tional weight gain in obese women, the similar birth
weight in infants of obese and reference-weight moth-
ers, and the lower infant weight gain from 0 to 1 month
in breastfed infants of obese versus reference-weight
mothers.

The lower maternal weight gain during pregnancy
(although adequate for prepregnant obese women20)
may have prevented excessive fetal growth and could
explain the similar birth weights in newborns of obese
and reference-weight mothers studied here. Lower ges-
tational weight gain in obese versus reference-weight
mothers may also have implications for reducing the risk
of later childhood overweight. Recent studies have
shown that higher gestational weight gain programs
child overweight later in life, after controlling for poten-
tial confounders.21,22 Moreover, in a cohort where many
mothers were overweight (mean # SD BMI: 24.6 # 5.0
kg/m2), pregnancy weight gain within or above the rec-
ommended range20 increased the risk of child over-
weight compared with lower maternal gains during
pregnancy.22 In addition to fetal life, early infancy may
constitute a critical period for the establishment of obe-
sity. Early postnatal catch-up growth in lighter infants at
birth was a risk factor for childhood obesity at 5 years,

FIGURE 1
Percentage of initially breastfed infants who still received full breastfeeding or any breastfeeding at 1 and 3 months of age according to maternal prepregnant BMI category. Data are
significantly different from reference weight within each time point (a P ! .01 [!2 test]) for full breastfed infants but not for infants breastfed to any extent.

FIGURE 2
Percentage of breastfeeding mothers who reported breastfeeding difficulties on the
maternity ward and at 1 and 3 months postpartum according to maternal prepregnant
BMI category. Data are significantly different from reference weight within each time
point (!2 test: a P ! .05; b P ! .01; c P ! .0001).
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women reported difficulties breastfeeding (eg, cracked
nipples, fatigue, or difficulty initiating breastfeeding)
versus reference-weight women (Fig 2). Consistent with
this, obese women more often reported using silicone
nipple protectors (obese: 25.0% [15 of 60] vs reference:
10.0% [6 of 60]; P ! .05). Moreover, among mothers
who continued to breastfeed, obese women more often
reported difficulties (cracked nipples, fatigue, or inade-
quate milk supply) versus reference-weight women at
both 1 and 3 months postpartum (Fig 2).

Fewer obese mothers perceived their milk supply as
adequate at 1 and 3 months versus reference-weight
mothers (Table 3). Moreover, the main reason reported
by obese women to stop breastfeeding was inadequate
milk supply (16 of 29 [55.2%]) versus only 33.3% (7 of
21) of reference-weight women. Other reasons reported
for discontinuing breastfeeding included insufficient in-
fant weight gain, return to work, and fatigue. Obese
mothers more often reported feeling uncomfortable
breastfeeding in the presence of others compared with
reference-weight mothers. However, the difference only
reached significance at 3 months but not at 1 month
(Table 3) or on the maternity ward (obese: 33.3% [19 of
57] vs reference: 18.3% [11 of 60]; P " .06). Obese

mothers were less often followed by health professionals
or organizations for breastfeeding support (Table 3). The
difference was significant at 3 months only but not at 1
month (Table 3) or on the maternity ward (obese:
18.3% [11 of 60] vs reference: 35.0% [21 of 60]; P !
.05, not significant after Bonferroni adjustment). No
significant differences were reported by obese versus
reference-weight women for fatigue, changing positions
between feedings, or the number of feedings per day or
night (Table 3).

DISCUSSION
It is well known that obese women are less successful at
breastfeeding.17,18 Here we observed that prepregnant
obese women are more likely to give up full but not
partial breastfeeding in the first 3 months, and we pro-
vide new insights on behavioral and psychological fac-
tors that likely contribute to this association. Potential
reasons identified in this work include perceived insuf-
ficient milk supply, feeling uncomfortable with the idea
of breastfeeding in public, and reluctance to seek support
for breastfeeding. Of interest as well is the lower gesta-
tional weight gain in obese women, the similar birth
weight in infants of obese and reference-weight moth-
ers, and the lower infant weight gain from 0 to 1 month
in breastfed infants of obese versus reference-weight
mothers.

The lower maternal weight gain during pregnancy
(although adequate for prepregnant obese women20)
may have prevented excessive fetal growth and could
explain the similar birth weights in newborns of obese
and reference-weight mothers studied here. Lower ges-
tational weight gain in obese versus reference-weight
mothers may also have implications for reducing the risk
of later childhood overweight. Recent studies have
shown that higher gestational weight gain programs
child overweight later in life, after controlling for poten-
tial confounders.21,22 Moreover, in a cohort where many
mothers were overweight (mean # SD BMI: 24.6 # 5.0
kg/m2), pregnancy weight gain within or above the rec-
ommended range20 increased the risk of child over-
weight compared with lower maternal gains during
pregnancy.22 In addition to fetal life, early infancy may
constitute a critical period for the establishment of obe-
sity. Early postnatal catch-up growth in lighter infants at
birth was a risk factor for childhood obesity at 5 years,

FIGURE 1
Percentage of initially breastfed infants who still received full breastfeeding or any breastfeeding at 1 and 3 months of age according to maternal prepregnant BMI category. Data are
significantly different from reference weight within each time point (a P ! .01 [!2 test]) for full breastfed infants but not for infants breastfed to any extent.
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Percentage of breastfeeding mothers who reported breastfeeding difficulties on the
maternity ward and at 1 and 3 months postpartum according to maternal prepregnant
BMI category. Data are significantly different from reference weight within each time
point (!2 test: a P ! .05; b P ! .01; c P ! .0001).
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Approche humaine
§Soignant / santé 

§OMS : « un état de complet bien-être physique, mental et social, et ne consiste 
pas seulement en une absence de maladie ou d'infirmité ». 

§La réticence des soignants (Fat phobia (FPS) / grossophobie)
§ Car difficultésmédicalement

techniquement
matériel

§Le vécu des patientes

§Information loyale sans stigmatisation

§Respect et bienveillance



Prise en charge générale 
avant, pendant et après la grossesse
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Various interventions, including diet, lifestyle, and 
drugs such as metformin, have been assessed with the 
aim to prevent or reduce obesity or excessive weight gain 
in pregnancy, and improve maternal and fetal outcomes. 
The National Institute for Health and Care Excellence 
(NICE) in the UK, as well as the American College of 
Obstetricians and Gynecologists (ACOG), recommend a 
healthy diet and at least half an hour of moderate 
physical activity per day during pregnancy. WHO defi nes 
a healthy diet as one in which the proportion of energy 
intake from total fat is less than 30%, preferably from 
unsaturated fats rather than saturated fats, with a fruit 
and vegetable intake of at least 400 g per day, and at least 
25 g of dietary fi bre each day.22 In addition to these 
general recommendations, guidelines issued by the 
International Federation of Gynecology and Obstetrics 
(FIGO) have highlighted the need to recognise maternal 
micronutrient defi ciencies (eg, iron, iodine, folate, 
vitamin B12, calcium, and vitamin D) during all 
pregnancies, and to address these defi ciencies through 
interventions including dietary diversity, consumption 
of fortifi ed foods, and supplementation, as appropriate.23 
Appropriate nutritional advice for obese pregnant 
mothers should also take into account cultural issues 
and diversity, and the fact that no single diet fi ts all is 
important to note. Because of the e! ect of obesity on the 
distribution and metabolism of folate, obese women can 
benefi t from higher doses of folate supplements (5 mg 
per day, from at least 1 month before conception and 
continuing during the fi rst trimester).23

A systematic review on lifestyle interventions to 
manage weight during pregnancy found a signifi cant 
reduction in gestational weight gain (mean di! erence 
–1·42 kg; 95% CI –0·95 to –1·89 kg; I"=80%) compared 
with the control group, with some suggestion of 
improved pregnancy outcomes for pre-eclampsia, 
shoulder dystocia, gestational hypertension, and preterm 
birth.24 However, two large-scale RCTs, LIMIT25 and 
UPBEAT,26 reported modest or no improvements in 
pregnancy outcomes, such as frequency of gestational 
diabetes or large for gestational age (LGA) infants, 
despite improvements in maternal diet and physical 
activity, highlighting the fact that initiating lifestyle 
changes during the second and third trimester of 
pregnancy could be too late to alter the course of 
pregnancy outcomes.1 The results of the Finnish 
Gestational Diabetes Prevention Study (RADIEL),27 of 
269 obese women with a history of gestational diabetes, 
found that improvements in physical activity and dietary 
quality reduced gestational diabetes incidence, but again 
had no e! ect on maternal (eg, pre-eclampsia, gestational 
hypertension) or neonatal (eg, birthweight) outcomes. 
Interventions that are initiated before conception or 
during the fi rst trimester might be more e! ective.27–30 
Further discussions of the e! ect of lifestyle interventions 
during pregnancy can be found in a comment 
accompanying this Series.31

Diagnosis and management of gestational 
diabetes and diabetes in pregnancy
Diagnosis of gestational diabetes is increased in women 
with class I obesity (BMI 30–34·9 kg/m"; odds ratio 
[OR] 2·6, 95% CI 2·1–3·4) and class II obesity 
(BMI #35 kg/m"; OR 4·0, 3·1–5·2) compared with 
women with a BMI less than 30 kg/m".32 Hyperglycaemia 
in women with gestational diabetes is a result of an 
inadequate insulin response relative to decreased insulin 
sensitivity. In general, obese women have decreased 
insulin sensitivity before and during pregnancy 
compared with normal weight women, which partly 
explains the increased incidence of gestational diabetes 
in this population.

An international consensus regarding the process and 
criteria for diagnosis of gestational diabetes remains 
elusive, although the updated WHO criteria33 are the 
most widely accepted worldwide. Table 4 shows the major 
approaches for screening and diagnosis. One point of 
agreement is that all obese women should be tested. 
Screening for gestational diabetes is generally recom-
mended at 24–28 weeks’ gestation, and screening for 
both gestational diabetes and overt diabetes in early 
gestation should be considered among obese women, 
women with impaired glucose tolerance, or those with a 

Transdisciplinary

Multi-specialty strategy 
during pregnancy

The overweight or 
obese woman

Regular exercise

Optimising weight
Diet

Screening and/or control, or both

Hypertension
Diabetes
Dyslipidaemia

Contraception; planned pregnancy

Micronutrient or 
vitamin supplements

Figure: Optimising care for the overweight or obese woman: before conception, during, and after pregnancy
Optimal care for women who are obese or overweight should involve a transdisciplinary and multi-specialty care 
approach, and should not be limited to managing the complications that arise during pregnancy. Recognising this 
concept is key to improving long-term outcomes for both mother and o! spring. This multidisciplinary approach 
should include both medical (eg, hypertension, diabetes, dyslipidaemia) and social determinants of health 
(eg, diet, exercise, pregnancy planning). 

BMI (kg/m!; WHO 
criteria) 

Range of total 
weight gain 
(kg)

Rates of weight gain* in second 
and third trimesters (mean [range] 
in kg per week)

Underweight <18·5 12·7–18·1 0·45 (0·45–0·59)

Normal weight 18·5–24·9 11·3–15·9 0·45 (0·36–0·45)

Overweight 25·0–29·9 6·8–11·3 0·27 (0·23–0·32)

Obese (includes all classes) "30·0 5·0–9·1 0·23 (0·18–0·27)

*These calculations assume a weight gain of 0·5–2·0 kg in the fi rst trimester. 

Table !: US Institute of Medicine recommendations for gestational weight gain depending on the before 
pregnancy BMI 


