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Salute       inizia prima di nascere
Mamma     bambino

La composizione della dieta materna, insieme alla 

funzione placentare, determina la composizione 

dei nutrienti nel sangue del cordone ombelicale

Cetin, 2014

Barker 

hypothesis
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• Lo sviluppo si completa nei primi 1000 

giorni dopo il concepimento.

• Ogni organo ha un periodo critico, spesso breve,  

durante il quale avviene il suo sviluppo

• La maggior parte dei periodi critici avviene in utero
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ambiente – dieta materna – epigenetica

dieta materna        macro e micronutrienti

regolano la stabilità del DNA e gli adattamenti del 

fenotipo, attraverso processi di metilazione del DNA

modificazioni epigenetiche

espressione di

geni fetali

espressione di

geni placentari

sviluppo fetale

PROGRAMMING NUTRIZIONALE

Cetin I et al. Curr Opin Clin Nutr Metab Care, 2013
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FATTORI DETERMINANTI LA SALUTE MATERNA E FETALE
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• Rates of obesity are 
increasing among pregnant
women

• Obesity in pregnancy
increase the risk of adverse
outcomes for mother and 
child



Pregnancy stresses a woman’s health
•To unmask occult disease

•To predict health in a subsequent pregnancy

•To predict health many years remote from childbirth

•To predict health of child and future off-spring Williams D. Current Op Obst Gyn 2003

Banjaree A, The Society for Acute Medicine.2013
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� From 1975 to 2014 prevalence of obesity 

increased:

� from 3.2% to 10.8% in men

� from 6.4% to 14.9% in women

� In the world were severely obese (BMI≥35 kg/m2):

� 2.3% of men

� 5.0% of women

� Prevalence of morbid obesity was:

� 0.64% in men

� 1.6% in women
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Maternal and fetal risks in women with a BMI ≥30 kg/m2 compared to 
women with a healthy BMI 

Sleep
disorders

Marchi J et al. Maternal Obesity/Pediatric Health Risks associated with obesity in pregnancy, for the mother and baby: a systematic review 

of reviews. Obesity reviews (2015) 16, 621–638
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La Polla A et al. Obesità e gravidanza: Il diabete. Vol.18, 2006

Desoye G. The Feto-placental Dialogue and Diabesity. Best Pract Res Clin Obst Gynaecol 29 (2015) 15e23

Catalano PM. Obesity and pregnancy: mechanisms of short term and long term adverse consequences for mother and child.BMJ 2017

Complicanze metaboliche
Stato para-infiammatorio

Insulino resistenza
Iperinsulinemia

Stress ossidativo 
Disfunzione endoteliale

Emoconcentrazione
Attivazione SN autonomo

Aumento R vascolari 

periferiche

Macrosomia
Diabesity
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Preeclampsia
Rischio di preeclampsia
raddoppia ogni
5-7 Kg/mq di BMI
3 X per BMI 30-39.9
7 X per BMI > 40

O’Brien et al.: Epidemiology 2009

150mg
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Obesity
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50% DELLE MORTI MATERNE COINVOLGE OBESE (15% obese di 
classe III che sono il 2%)

- 47% DELLE MORTI PER CAUSE DIRETTE SONO OVERWEIGHT O  
OBESE (obese 30%)

- 50% NELLE MORTI PER CAUSE INDIRETTE (obese 24%)

- 78% OVERWEIGHT O OBESE NELLE MORTI PER TEV

- 61% IN QUELLE PER CAUSE CARDIACHE

- PER LE ALTRE CAUSE SIAMO AL 40%, ECCETTO CHE PER 
SUICIDIO, EMORRAGIA E SEPSI DOVE SI E’ AL 20-25% (c ome nella 
popolazione ostetrica generale)

TOP TEN RECOMENDATIONS

N.1 è RELATIVA A COUNSELING PREGRAVIDICO PER 
DONNE CON PATOLOGIA PREESISTENTE CHE PUO’ 
PEGGIORARE O CONDIZIONARE LA GRAVIDANZA.

Obesity: a body mass index of 30 or more

MORTALITA’ MATERNA
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• Physical effects of body fat may add to this physical limitation of venous return

• Fat produces hormones, cytokines and chemokines

• Adipose tissue remodeling involves angiogenesis, infiltration by inflammatory cells and the secretion of pro-angiogenic

factors (VEGF) and transforming growth factor. 

• Aberrant expression of adipose tissue-derived cytokines (‘adipokines’) modulates proinflammatory and prothrombotic

pathways in obesity

>leptin: increases platelet adhesion to fibrinogen and promote of thromboplastin (extrinsic coagulation cascade) 

<adiponectin: anti-inflammatory anti-thrombotic effects by modulating the function of endothelial cells



All women with BMI>40kg/m2, should be 

considered for thromboprophylaxis LMWH 

for 10 days after delivery





FATTORI DI RISCHIO CLINICI O 
COSITUZIONALI??????



OBSTRUCTIVE SLEEP DISORDER

• Preeclampsia adj OR, 2.5; 95% CI, 2.2–2.9

• Eclampsia adj OR, 5.4; 95% CI, 3.3–8.9

• Cardiomyopathy adj OR 9.0; 95% CI, 7.5–10.9

• Pulmonary embolism adj OR, 4.5; 95% CI, 2.3–8.9

• In-hospital mortality adj OR, 5.28; 95% CI, 2.45–11.53

Women with suspected OSA (snoring, excessive daytime 

sleepiness, witnessed apneas, or unexplained hypoxia) 

should be referred to a sleep medicine specialist for 

evaluation and possible treatment 



OBSTRUCTIVE SLEEP DISORDER IN PREGNANCY

PATOPHYSIOLOGY OF COMPLICATIONS (Fung Am, J Perinatol.2012)
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OBESITÀ E MODALITÀ DEL PARTO
N=118,978 Consortium of Safe Labor: incremento del rischio di taglio cesareo 5%/ 1 

kg/m2 BMI DA DISTOCIA

Kominiarek et al, 2010. The maternal body mass index: a strong association with delivery route. Am J Obstet Gynecol, 203(3), 264 e261-267.





Le obese sono «poor responders» all’infusione ossitocica

Il tasso di mancata induzione è significativamente maggiore rispetto alle donne con BMI normale

La durata del travaglio  è inversamente correlata al BMI

I travagli nelle obese sono più «lenti»



Carlson N, 2015
Bogaerts A.Obesity in pregnancy: Altered onset and progression-Midwifery 29, 2013



Methods

� A prospective study collected data on mode of delivery and 
maternal/neonatal outcomes

� 11 Hospitals in Friuli Venezia Giulia (Italy) – 18 months

� The sample included 14983 women with singleton pregnancies
Associations between exposure variables and mode of delivery were analyzed using
Pearson’s chi squared test

Multiple logistic regression models were built to assess the independent association
between potential predictors and operative delivery (cesarean and vaginal)

Pre-pregnancy body mass index (BMI) 
and gestational weight gain are 

independent risk factors of operative 
vaginal and cesarean deliveries?



BMI

Prepregnancy BMI Total 
weight gain 

(kg)

Underweight (BMI < 18.5) 12.5 – 18

Normal weight (BMI 18.5 –
24.9)

11.5 – 16

Overweight (BMI 25 – 29.9) 7.0 – 11.5

Obese (BMI ≥ 30) 5.0 – 9.0 

IOM RECOMMENDATIONS FOR WEIGHT
GAIN BY PRE-PREGNANCY BMI

Institute of Medicine, National Research Council
Implementing Guidelines on Weight Gain & Pregnancy



Variables 

� maternal age (20–24 years, <20 years, 25–29 years, 30–35 years, >35 years) 

� gestational age at delivery (37–41 weeks, <30 weeks, 30–36 weeks, >41 weeks) 

� classification of pregnancy at risk (no risk, low/intermediate risk, high risk)

� parity (multiparous, nulliparous) 

� gestations (singleton, twin)

� presentation (cephalic, other)

� presence of previous CD (no past CD, one, more than one) 

� newborn birth weight (2,500-4,000 grams, <1,000 grams, 1,000-1,499 grams, 
1,500-2,499 grams, >4,000 grams)

� onset of labor (spontaneous vs. induced vs. no labour)

� Maternal height

CLUSTER VARIABLES

� number of deliveries per center (≥1000 deliveries/year, <1000 deliveries/year)

� presence of a Neonatal Intensive Care Unit (available, non-available)



Results
Number Percentage

Weight Gain

IOM reccommended 6847 45.7

< IOM reccommended 4953 33.1

> IOM reccommended 3183 21.2

BMI

18.5-25 11684       78.0       

<18.5 1104        7.4      

26-30 1590       10.6       

>30 605        4.0      

Maternal Age (years)

<20 180 1.2        

20-24 1,258 8.4

25-29 3,281       21.9      

30-35 6,626       44.2       

>35 3,638       24.3      

Parity

Nulliparous 8075 53.9

Multiparous 6908 46.1

Type of Pegnancy

Low risk 12976       86.6       

Intermdiate risk 1038        6.9       

High risk 969        6.5      

Previous cesarean delivery

Yes 13626       90.9       

No 1357        9.1      

Fetal presentation

Cephalic 14,344       95.7       

Non cephalic 639 4.3

Number Percentag

e

Labor

Spontaneous 10946       73.1       

Induced 2078       13.8       

No labour 1959       13.1      
Gestational Age at birth 

(weeks)

<30 62 0.4       
30-36 1688       11.3       

37-41 13040       87.0
>41 193 1.3      

Mode of delivery

Spontaneous vaginal 10409       69.4       
Operative vaginal 1137        7.6      
Emergency CS 2076       13.9     
Elective CS 1361       9.1     

Neonatal Birth weight 

(grams)

<1000 39 0.3       

1000-1499 64 0.4       
1500-2499 591 3.9       
2500-4000 13218       88.2       

>4000 1071        7.2      
Center

>=1000 6791       45.3       

<1000 8192       54.7      
NICU

Non available 9873       65.9       

Available 5110       34.1      

Mode of delivery

Spontaneous

vaginal
10409 (69.4)    

Operative 

vaginal
1137 (7.6)      

Emergency CS
2076

(13.9)    } 
23%Elective CS

1361

(9.1)     

Weight Gain

IOM reccommended 6847 (45.7)

< IOM reccommended 4953 (33.1)

> IOM reccommended 3183 (21.2)

BMI

18.5-25 11684 (78.0)     

<18.5 1104 (7.4)         

26-30 1590 (10.6 )       

>30 605 (4.0 )       
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Bivariate analysis on mode of delivery

OVD Emergency   CS Elective CS Overall CS Overall Operative

RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p

Weight Gain

< IOM recc 0.94 (0.83-1.06) 0.327 1.11 (0.99-1.23) 0.052 0.91 (0.78-1.05 0.219 1.03 (0.93-1.14) 0.610 1.00 (0.93-1.09) 0.867

IOM recc Reference Reference Reference Reference Reference

> IOM recc 1.24 (1.10-1.39) 0.000 1.38 (1.29-1.48) 0.000 1.28 (1.19-1.38) 0.000 1.29 (1.24-1.35) 0.000 1.24 (1.19-1.30 0.000

BMI

<18.5 1.15 (0.96-1.37) 0.118 0.89 (0.80-0.99) 0.040 0.85 (0.72-0.99) 0.042 0.89 (0.81-0.98) 0.000 0.96 (0.88-1.04) 0.323

18.5-25 Reference Reference Reference Reference Reference

26-30 0.87 (0.68-1.11) 0.283 1.46 (1.22-1.76) 0.000 1.64 (1.45-1.84) 0.000 1.44 (1.26-1.65) 0.000 1.28 (1.12-1.47) 0.000

>30 0.90 (0.63-1.29) 0.578 1.78 (1.48-2.14) 0.000 1.92 (1.52-2.41) 0.000 1.69 (1.44-1.98) 0.000 1.46 (1.25-1.70) 0.000

Maternal Age (yrs)

<20 0.87 (0.46-1.65) 0.677 0.88 (0.53.1.44) 0.617 0.86 (0.37-2.01) 0.738 0.88 (0.57-1.35) 0.568 0.89 (0.63-1.26) 0.516

20-24 1.12 (0.89-1.30) 0.143 1.04 (0.87.1.25) 0.621 1.53 (1.22-1.92) 0.000 1.15 (0.98-1.35) 0.095 1.12 (1.00-1.26) 0.049

25-29 Reference Reference Reference Reference Reference

30-35 1.11 (0.89-1.40) 0.321 1.14 (1.05-1.24) 0.001 2.12 (1.68-2.66) 0.000 1.35 (1.22-1.48) 0.000 1.25 (1.16-1.34) 0.000

>35 1.07 (0.84.1.35) 0.550 1.43 (1.28.1.61) 0.000 3.12 (2.46-3.95) 0.000 1.73 (1.54-1.93) 0.000 1.49 (1.37-1.61) 0.000

Parity

Nulliparous 3.86 (3.40 -4.39) 0.000 1.74 (1.52-1.99) 0.000 0.55 (0.45-0.67) 0.000 1.10 (1.03-1.68) 0.004 1.33 (1.24-1.32) 0.000

Multiparous Reference Reference Reference Reference Reference

Type of Pegnancy

Low risk 1 1 1

Interm.risk 1.14 (0.95-1.36) 0.157 1.95 (1.71-2.23) 0.000 2.35 (1.99-2.77) 0.000 1.90 (1.69-2.13) 0.000 1.62 (1.48-1,78) 0.000

High risk 1.43 (1.17-1.75) 0.000 3.92 (1.73-2.54) 0.000 1.97 (1.41-2.73) 0.000 2.71 (2.38-3.08) 0.000 2.20 (1.98-2.45) 0.000

Previous CS

Yes 2.10 (1.80-2.45) 0.000 4.32 (3.71-5.03) 0.000 13.76 (12.22-15.49) 4.45 (3.94-5.12) 0.000 3.36 (3.02-3.75) 0.000

No Reference Reference Reference Reference Reference

Fetal presentation

Cephalic Reference Reference Reference Reference Reference

Non cephalic 6.51 (5.19-8.16) 0.000 12.08 (8.46-17.24) 0.000 4.70 (3.71-5.94) 0.000 3.62 (2.99-4.38) 0.000

Labor

Spontaneous Reference Reference Not evaluable Reference Reference

Induced 1.66 (1.50-1,.84) 0.000 2.74 (2.57-2.93) 0.000 Not evaluable 2.75 (2.58-2.94) 0.000 2.05 (1.96-2.15) 0.000

No labour Not evaluable 10.27 (8.46-12.48) 0.000 Not evaluable 10.23 (8.40-12.45) 0.000 5.81 (4.94-6.84) 0.000

GA at birth (wks)

<30 Not evalualble 5.57 (4.47-6.95) 0.000 Not evaluable 3.37 (2.74-4.15) 0.000 2.64 (2.17-3.21) 0.000

30-36 0.63 (0.50-0.78) 0.000 2.55 (2.31-2.81) 0.000 0.71 (0.55-0.91) 0.007 1.79 (1.59-2.02) 0.000 1.48 (1.34.1.64) 0.000

37-41 Reference Reference Reference Reference Reference

>41 1.32 (1.05-1.67) 0.019 1.67 (1.06-2.62) 0.025 0.91 (0.74-1.11) 0.378 1.13 (0.75-1.70) 0.551 1.15 (0.88-1.50) 0.288

Neonatal BW (g)

<1000 Not evaluable 5.03 (3.88-6.52) 0.000 3.11 (2.45-3.94)   0.000 2.47 (1.99-3.06) 0.000

1000-1499 Not evaluable 6.02 (5.03-7.21) 0.000 3.72 (3.16-4.37) 0.000 2.96 (2.57-3.41) 0.000

1500-2499 0.47 (030-0.73) 0.001 3.29 (3.05-3.54) 0.000 0.71 (0.55-0.91) 0.007 2.14 (1.99-2.31)  0.000 1.75 (1.64-1.88) 0.000

2500-4000 Reference Reference Reference Reference Reference

>4000 1.28 (1.00-1.63) 0.047 1.29 (1.13-1.46) 0.000 0.91 (0.74-1.11) 0.378 1.11 (1.01-1.25)  0.043 1.13 (1.02-1.25) 0.012

Center

>=1000 Reference Reference Reference Reference Reference

<1000 0.82 (0.53-1.27) 0.391 0.64 (0.48-0.85) 0.002 0.80 (0.48-1.34) 0.412 0.74 (0.54-1.01) 0.056 0.78 (0.59-1.02) 0.074

NICU

Non available 1.34 (0.86.2.09) 0.189 1.37 (0.92-2.04) 0.117 1.23 (0.69-2.20) 0.474 1.27 (0.85-1.88) 0.233 1.25 (0.89-1.74) 0.197

Available Reference Reference Reference Reference Reference

OVD Emergency   CS Elective CS Overall CS Overall Operative

RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p

Weight Gain

< IOM recc 0.94 (0.83-1.06) 0.327 1.11 (0.99-1.23) 0.052 0.91 (0.78-1.05 0.219 1.03 (0.93-1.14) 0.610 1.00 (0.93-1.09) 0.867

IOM recc Reference Reference Reference Reference Reference

> IOM recc 1.24 (1.10-1.39) 0.000 1.38 (1.29-1.48) 0.000 1.28 (1.19-1.38) 0.000 1.29 (1.24-1.35) 0.000 1.24 (1.19-1.30 0.000

BMI

<18.5 1.15 (0.96-1.37) 0.118 0.89 (0.80-0.99) 0.040 0.85 (0.72-0.99) 0.042 0.89 (0.81-0.98) 0.000 0.96 (0.88-1.04) 0.323

18.5-25 Reference Reference Reference Reference Reference

26-30 0.87 (0.68-1.11) 0.283 1.46 (1.22-1.76) 0.000 1.64 (1.45-1.84) 0.000 1.44 (1.26-1.65) 0.000 1.28 (1.12-1.47) 0.000

>30 0.90 (0.63-1.29) 0.578 1.78 (1.48-2.14) 0.000 1.92 (1.52-2.41) 0.000 1.69 (1.44-1.98) 0.000 1.46 (1.25-1.70) 0.000



Multivariate analysis on mode of delivery



Key points

� Obese BMI and GWG excess are risk factor for
operative vaginal delivery and CS

� GWG should be considered as independent risk
factor for operative vaginal delivery and CS

Bias:

� Obesity 4%



L’OBESITA’ E L’ECCESSIVO AUMENTO PONDERALE SONO 
FATTORI DI RISCHIO INDIPENDENTI PER COMPLICANZE 

MATERNE E FETO-NEONATALI?

Obiettivi dello studio

�Le complicanze dell’obesità e dell’eccessivo aumento ponderale in 

gravidanza sono correlate alle patologie preesistenti associate (es. 

ipertensione pre-esistente, DMT2) e/o insorgenti in gravidanza (es 

preeclampsia, diabete gestazionale)? 

�BMI ↑ pregravidico ed eccessivo incremento ponderale son o fattori 

di rischio indipendenti per:

�complicanze materne durante e post gravidanza

�complicanze feto-neonatali 

�Fattore di rischio indipendente = di per sé decisiv o nel determinare 

una certa complicanza



Multivariate analysis on maternal and fetal complications during 

pregnancy (PET/HDP: preeclampsia/hypertensive disorder of pregnancy)  

PET/HDP GDM IUGR/oligohyda

mnios

Acceleration of 

fetal

growth/Polihydra

mnios
RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p RR (CI 95%) p

Weight Gain

< IOM recc 1.03 (0.77-1.37) 0.868 0.97 (0.74-

1.27)

0.815 1.24 (1.03-

1.50)

0.024 0.53 (0.26-

1.09)

0.085

IOM recc Reference Reference Reference Reference

> IOM recc 1.51 (1.14-2.00) 0.003 1.56 (1.23-

1.97)

0.000 1.12 (0.90-

1.40)

0.304 1.40 (0.80-

2.45)

0.240

BMI

<18.5 0.54 (0.27-1.05) 0.868 0.33 (0.16-

0.67)

0.002 1.28 (0.96-

1.71)

0.093 0.30 (0.04-

2.22)

0.241

18.5-25 Reference Reference Reference Reference

26-30 2.07 (1.52-2.81) 0.000 2.78 (2.13-

3.63)

0.000 1.21 (0.93-

1.58)

0.157 1.79 (0.91-

3.52)

0.089

>30 3.90 (2.78-5.52) 0.000 4.72 (3.78-

6.42)

0.000 1.86 (1.34-

2.59)

0.000 4.85 (2.48-

9.49)

0.000



Conclusioni (I)

Preeclampsia GDM IUGR
Acc. 
crescita 
fetale

Peso 
nascita 
< 2500

Peso 
nascita 
> 4000

Parto 
< 37 sett

Parto 
< 34 sett 

Distress 
neonatale

Eccessivo > 
ponderale X X X

BMI 26 -30 X X X X

BMI > 30 X X X X X X X X X
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Stato nutrizionale
“Assessment” pre-gravidico

Chirurgia bariatrica, diabete, ipertensione, patologie gastointestinali

Sovrappeso/obesità

Storia ostetrica: pregresso difetto del tubo neurale

Dieta restrittive/disordini alimentari

Gravidanza multipla

Utilizzo di sostanze (fumo, alcool, droghe)

Riferire a consulenza nutrizionale



Key message
Strategies to reduce caesarean births, operative deliveries and pregnancy

complications must include

� measures to prevent overweight and obese BMI prior to conception

� promote recommended weight gain throughout pregnancy

� Avoid inappropriate interventions and consider the obesity biology

� Inform obese women about weight reduction and bariatric

surgery

� Prenatal multidisciplinary approach for obese women in

pregnancy

� Women shoud be counselled about GWG within the first

trimester



Nascita

Adeguato peso 
neonatale Allattamento

Perdita di peso

Prevenzione rischio patologia 
cronica madre e bambino

Peso adeguato per prevenire:
• Obesità
• Diabete 
• Complicanze cv
• Complicanze in gravidanza

BMI materno
Stile di vita sano
Dieta 
Attività fisica

Adeguato aumento 
ponderale

Obesità

Madre

Bambino


