
Irene Cetin 
Professore di Ostetricia e Ginecologia 

Università degli Studi di Milano 

Direttore Clinica Ostetrica e Ginecologica 

Ospedale Luigi Sacco di Milano 

 

Necessità nutrizionali 

e integrazione in 

gravidanza 



Do we need nutritional advice in pregnancy? 



Are we meeting nutrients needs in pregnancy? 

Dietary pattern 

changes 

Decline in food 

content of 

micronutrients 

Increased 

antioxidant 

needs 

nutritional status 

of females of 

reproductive age 
 



Are we meeting nutrients needs in pregnancy? 

Dietary pattern 

changes 



Dietary pattern changes 

Da Silva et al., Public Health Nutrition 2009 

Data obtained from the “FAO food balance sheets” (FBS) 

 reflecting production, supply and different human utilization of foodstuff during 

a certain time period in a specific country. 

 

41 Countries included worldwide, two periods analyzed: 

1961–1965 and 2000–2003. 

 

Trends of adherence to the Mediterranean diet (MD) 

Mediterranean Adequacy Index  

 

 daily energy derived from “mediterranean food” 

 daily energy not derived from “mediterranean food” 

 

MAI = 

Olive oil, olives, cereals, 

root vegetables, herbs and 

spices, fruits, vegetables, 

nuts, fish and seafood, 

legumes, wine… 

Animal fats, sugar, 

sweets, alcoholic 

beverages (except wine), 

meat, beer, stimulants 

(coffee, tea)… 



Da Silva et al., Public Health Nutrition 2009 

1961-1965 

 

MAI Worldwide: 2.86 

MAI Mediterranean Countries: 3.44 

MAI Italy: 3.30   

  

2000-2003 

 

MAI Worldwide: 2.03 

MAI Mediterranean Countries : 1.98 

MAI Italy: 1.62 

  

Map of the adherence to the Mediterranean dietary pattern, comparing Mediterranean adequacy index value 

Dietary pattern changes 



Bonaccio et al., Nutrition Metab Cardiovasc Disease  2014 

High adherence to the Mediterranean Diet (IMI ≥ 5) 

 in relation to socio economic status 

 - 13%! 31.3% in 

2005-06 

18.3% in 

2007-10 

21,001 citizens from southern Italy 



Bonaccio et al., Nutrition Metab Cardiovasc Disease  2014 

HICP  

Indice dei 

prezzi al 

consumo 

armonizzato 

= “paniere” di 

beni e servizi, 

tra cui alimenti 

IMI 

Italian 

Mediterranean 

Index,  

Prevalenza 

 IMI ≥ 5 

= alta aderenza 

Dieta Med 

2007-2008 

Sale il prezzo di 

alimenti “base” 

della dieta 

mediterranea 

2007-2008 

Crolla la 

prevalenza di 

alta aderenza 

alla DM 

Changes in nutritional habits: Moli-sani Study 



1127 studenti (16.8 ± 1.6 anni) 

 

questionario KIDMED:  

adeguatezza dieta mediterranea 

 

Punteggio finale 

>4 scarsa aderenza  

4-7: aderenza media  

≥ 8: buona aderenza 

 

Santomauro et al., Nutrition 2014 

good in 16.5%, 

average in 60.5%, 

and poor in 23% 



Changes in nutritional habits: age matters 

Santomauro et al., Nutrition 2014 
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Changes in nutritional habits: Moli-sani Study 

Bonaccio et al., Nutrition Metab Cardiovasc Disease  2014 

Macro and micro nutrient Intake 

 energy intake but… 

 

 

 antioxidants, fibers and folate in 

the diet … 

 

 intake of animal proteins, animal 

fat and saturated fats … 

 Antioxidant needs for 

- Stress 

- Sedentary life 

- Smoke, pollution.….. 



Global diets human health 

Diet-dependent percentage reductions in relative risk of type II diabetes, cancer, coronary 

heart disease mortality and of all-cause mortality  

Tilman and Clark, Nature 2014 



Beyond the health benefits of the Mediterranean diet… 
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Tilman and Clark, Nature 2014 

Greenhouse gas emissions 



Mayers et al., Nature 2014 

Percentage change in nutrients at elevated [CO2] relative to ambient [CO2] 

Decline in food content of micronutrients 



Davis, HortScience 2009 
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Nutrient needs of 

pregnancy 
 



Intake: data based on FFQuestionnaires  

Status: markers (of exposure or body store)   

 - iron (ferritin, Hb, …) 

 - folate (RBC folate, homocysteine…) 

 - vit D (25(OH)D) 

 - iodine (UI 24 hours) 

Health: outcomes of interest.   

INTAKE - STATUS - HEALTH  RELATIONSHIP 

 

Intake 
(exposure) 

 

Status 
(indicators of exposure 

or body stores) 

Health 
(functional or clinical 

outcomes) 

1 

2 3 



Pregnant women do not always meet their 
increased micronutrient requirements 

Diet = important determinant of pregnancy outcomes and infant 
health both in short and long-terms: 

• significant association between inadequate or poor nutrition 
and high “reproductive” risks 

• different impacts of the timing of nutritional insults during 
gestation on both the overall outcome of pregnancy and the 
nature of adult diseases (i.e. programming the postnatal 
pathophysiology [Buckley et al. (2005) Cell Tissue Res 322: 73–79])  potential 
to affect cell numbers or differentiation in the developing 
embryo  

HEALTH OUTCOMES 

Cetin et al, Hum Reprod Update 2010 

malformations 



Mediterranean  

 

 

Pregnancy chance          OR 1.4 (1.0-1.9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

intake-health 

Strong adherence of the couple to the preconception diet 

Vujkovic et al. 2010 Generation R Study - Rotterdam 



Western 

 

Spina Bifida  OR 0.3 (0.1 - 0.9) 

 

 

 

 

 

Congenital heart disease  OR 0.4 (0.2 - 0.7) 

 

 

 

 

 

Cleft lip- and/or palate OR 1.9 (1.2 - 2.9) 

 

 

 

 

 

Vujkovic et al. 2007, 2008, 2009; Obermann-Borst et al. 2011 

One carbon metabolism  

intake-health 

Strong adherence of the woman to the preconception diet  

Mediterranean  

Generation R Study - Rotterdam 



US National Birth Defects Prevention Study (1997–2005) 

1.047 with an NTD  

6.641 with a CHD,  

6.123 controls 

  

Four dietary patterns were identified:  

 

Prudent  fish, fruits and vegetables, low fat 

 

Western  

low-calorie Western   x 1.5 times more likely to have NTD 

Mexican    and x 2.0 to have CHD 

Sotres- Alvarez et al., Am J Epidemiol 2013 

Maternal dietary patterns: NTD and CHD 

A dietary pattern rich in fruits, vegetables and fish, and 

low in fat, even with folate fortification, may decrease 

the risk of NTDs and some heart defects 



 

Growth restriction            OR 2.8 (1.6 - 4.8) 

 

 

 

 

 

 

 

 

 

Timmermans et al., 2009 

intake-health 

Poor adherence of the woman to the preconception 

diet  

Mediterranean  

Generation R Study - Rotterdam 



 high scores on the “prudent” dietary pattern were associated 

with significantly reduced risk of preterm delivery hazard 

ratio (0.88, 95% confidence interval 0.80 to 0.97).  

 dietary advice to eat a balanced diet including vegetables, 

fruit, whole grains, and fish and to drink water.  

 

66000 women, FFQ in the first 4-5 mts of pregnancy 



Norwegian Mother and Child Cohort Study (MoBa) 

40.6% of pregnancies from all over Norway in the years 1999– 2008. 

 

Pregnancy outcomes were obtained from the Medical Birth Registry of Norway 

 1267 patients (5.4%) developed preeclampsia 

 

4 primary dietary patterns identified: 

Vegetable; processed food; potato and fish; cakes and sweets. 

 

 

 

Brantsæter et al., J Nutr 2009 

Maternal dietary patterns: Preeclampsia 

23,423 women, FFQ at 17-22 wks 

 Vegetables OR 0.72 (0.62, 0,85) 

 Processed Food OR 1.21 (1.03, 1.41) 

A dietary pattern characterized by high intake of vegetables, plant 

foods, and vegetable oils decreases the risk of preeclampsia,  

 

whereas a dietary pattern characterized by high consumption of 

processed meat, sweet drinks, and salty snacks increases the risk 



 
Reference nutrient intakes for pregnant women expressed as 
percentage of reference intake values non-pregnant women.  

 
The recommended intake for several nutrients shows a much 

greater increase than the recommended energy intake 

Koletzko B et al, Ann Nutr Metab 2013 

iron 

folate 
zinc 

iodine 

vit B6 



Maternal micronutrient status – current 

knowledge 

Micronutrient deficiencies are very common 

even in developed countries 

 

most prevalent (known) are 

 iron, vitamin D, folate, iodine 

Parisi F, Laoreti A, Cetin I, Ann Nutr Metab. 2014 



Intake: data based on FFQuestionnaires  

Status: markers (of exposure or body store)   

 - iron (ferritin, Hb, …) 

 - folate (RBC folate, homocysteine…) 

 - vit D (25(OH)D) 

 - iodine (UI 24 hours) 

Health: outcomes of interest.   

INTAKE - STATUS - HEALTH  RELATIONSHIP 

 

Intake 
(exposure) 

 

Status 
(indicators of exposure 

or body stores) 

Health 
(functional or clinical 

outcomes) 

1 

2 3 



Inverse relationship 
between RBC folate 
and NTDs risk 

Minimum optimal level at the time of conception and in the 42 days 

preceding the gestation in order to minimize the risk of NTD 

Daly et al., JAMA, 1995 

FOLATE: WHY TO SUPPLEMENT? 



Italian population 

Serum folate nmol/L 

Males 

Females 

Males 

and 

females 

Post   
Fortification 

 
USA =  1999 
Cile = 2000 

Zappacosta         Cafolla           Sofi       Cile                Cile                USA          USA

  

     2013                2000              2005           1999              2001               1988-94      2001-

02  

Zappacosta         Cafolla            Sofi      Cile                Cile                 USA          USA

  

     2013                2000              2005           1999              2001               1988-94      2001-

02  

Zappacosta         Cafolla          Sofi       Cile                Cile                USA          USA

  

     2013                2000             2005           1999              2001               1988-94        2001-

02  

Folate RBC nmol/L  

Homocysteine mmol/L 

11.9 

 29.2 

Women 

438 

 628 

11.6 

 6.8 

FOLATE 



Placebo 

400µg/d  

folic acid 
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800µg/d 
folic acid 

Data presented as geometric mean (95% CI) 

BERTI C, BIESALSKI HK, GARTNER R, LAPILLONNE A, PIETRZIK K, POSTON L, REDMAN C, KOLETZKO B, CETIN I. 

Micronutrients in pregnancy: Current knowledge and unresolved questions. 
Clin Nutr 2011; 30:689-701 

906 nmol/L 

FOLATE: effect of supplementation on hematological status 



MATERNAL IDA 

In industrialized 

countries:  

25-50% in 

pregnancy 

> 50% in post-

partum 

MOTHER 
Preeclampsia 

↑ Mortality 

FETUS 

Low birth weight (LBW) 

Prematurity - IUGR 

Reduced iron stores 

 

Metabolic syndrome  

Schizofrenia  

Iron deficiency anemia and adverse 
pregnancy outcomes 

OFFSPRING 

Milman H, Ann Hematol 2008, 2011 



Gestational 
wks at 
delivery 

Birthweight (g) Placental 
weight (g) 

Umbilical pH Blood losses 
(ml) 

Controls 39.1 (2.3) 3092.9 (469.5) 513 (105.0) 7.27 (0.1) 350 (125.8) 

Ferrous 
Iron 
30 mg 

40.1 (1.2) 3253 (323.8) 482.6 (46.8) 7.24 (0.1) 416 (355.9) 

Liposomial 
Iron  
14 mg 

39.1 (1.1) 3280 (312.1) 514 (73.5) 7.29 (0.08) 350 (180) 

Liposomial 
Iron 
28 mg 

39.3 (1.4) 3479.3 (588.0) 488.8 (48.3) 7.28 (0.09) 300 (150) 

p<0.05 ns ns ns ns 

RCT with oral iron in pregnancies with Hb> 10.5 g/dl 

Parisi F, Mandò C, Martinelli A, Cetin I, in press 2014 



support maternal and fetal bone health 

 increased vitamin D status during pregnancy may 

enhance bone mineralization in the offspring 

 

enable the maternal immunological adaptation 

required to mantain a normal pregnancy 

 observational and intervention studies have 

suggested that vitamin D supplementation benefits immune 

function and the loss of tolerance of preeclampsia 

   

 increased levels are associated with long-term 

protection against immunological diseases (allergies, type 1 

diabetes, asthma)      

     

Hypponen E 2011 

vitamin D 

Bischoff-Ferrari HA 2011 

Bischoff-Ferrari HA 2011 



What determines vitamin D status? 

• Sunlight exposure 
– Degree of skin pigmentation 
– Use of sunscreen 
– Latitude 
– Season 
– Time spent outdoors 
– Protective clothing: type of clothing and degree of 

body covered 

• Body mass and percentage body fat 
• Diet 

– intake of fish oil, oily fish,  
– foods with vitamin D fortification 
– Vitamin D supplements 

 

http://www.inqmnd.ca/blog/wp-content/uploads/2008/08/asst-pills-2-ncr-1-007.jpg


Intakes were below recommendations for all regions; however, with ARI 0-10.0  

Europe was reported as an adequate intake (compared with European 

recommendations) 

USA/EUR 

vitamin D intake  

Blumfield M et al, Nutr Rev 2013 





Effects of mild-moderate I deficiency in pregnancy 

Offspring of women with UI 

between 50-150 μg/l in 1st 

trimester 

 

studied at 8-9 yrs 

 

 IQ  

 Reading accuracy  

 Reading comprehension 
 

Sara Bath et Al. Lancet 2013 



 Nutritional inadequacies are very likely to occur in the pre-
conceptional period as well as in pregnancy, particularly for 
IRON, FOLATE, IODINE, vitamin D 

 Encourage women to establish healthy dietary practice before 
conception  

 Folate: routine periconceptional supplementation – starting 
before conception, at least 400 μg/day 

 Iron, vitamin D and iodine intakes and biomarkers should be 
evaluated  with more attention to high risk women (i.e. 
adolescents, advanced maternal age, twins,….) 

 Individualization of supplementation: obesity, adolescents, 
vegetarians, twins, celiac disease, specific pregnancy risks…….  

 

final thoughts 



AI SUPPLEMENTATION 

DHA  AI LC-PUFA  
250 mg/die 

All pregnant women that do not eat fish, 
particularly those at risk for preterm 
delivery, OBESITY 

FOLIC ACID 600 µg/die 400 μg/die: all women periconceptionally 
4 mg/die for women at high risk? 

IRON 27 mg/die  ferritin <70 μg/L   

IODINE 220 μg/die 150 μg/die - 3 months before conception - in 

iodine deficient areas 

VITAMIN D 15 µg/die –  
 600 UI/die 

People with darker skin; people who have 
low or no SUN exposure; OBESITY, risk of 
preeclampsia  vitamin D < 75 nmol/l 

CALCIUM 1000 mg/die  pregnant women at risk for PE, OBESITY 
No intake of dairy foods 

VITAMIN B12 2,6 µg/die vegetarian diet 

ZINC 11 mg/die Women at risk for GI malabsorption 

SELENIUM 
MAGNESIUM 

55 µg/die 
240 mg/die 

?? RISK OF PREECLAMPSIA 

ADVICE for SUPPLEMENTATION  



for the next generations 

Courtesy of David Barker 


