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GRAVIDANZA =
3 compartimenti

Cetin & Cardellicchio, 2010



• Energy (macronutrients) needs increase only
slightly during the course of pregnancy. Energy
needs during the final months of pregnancy are
about 10% higher than before pregnancy

• The needs for certain vitamins and minerals
(micronutrients) in pregnancy show a much
greater increase

Therefore, pregnant women should pay special
attention to the quality of their diet

Nutrient needs in pregnancy



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
related to nutritional

status

Cetin et al, Hum Reprod Update 2010

malformations



POOR ADHERENCE

Intra Uterine Growth Restriction 
OR 2.8 (1.6 - 4.8)

Timmermans et al., 2009

intake - health
Poor adherence of the woman

to a Mediterranean 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



Courtesy of Helle Margrete Meltzer – Norwegian mother and Child Cohort Study

on going large prospective cohort study
FFQ in the first 4-5 mts of pregnancy



Maternal micronutrient status in pregnancy:
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



Intakes were below recommendations for all regions

USA/EUR

vitamin D intake

Blumfield M et al, Nutr Rev 2013

10 μg
400 UI



Cadario F et al PlosOne 2015



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



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 in pregnancy

Bischoff-Ferrari HA 2011

Bischoff-Ferrari HA 2011



Vitamin D in pregnancy
Health implications

(Mulligan ML et al. Am J Obstet Gynecol  May 2010)



Midgestation (15-20 wk) vitamin D deficiency and
risk of severe preeclampsia

Maternal midgestation vitamin D deficiency was associated
with increased risk of severe preeclampsia.

 Vitamin D deficiency may be a modifiable risk factor for
severe preeclampsia. (Baker AM et al. JCEM 2010)
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• 51 women with preeclampsia
• 198 controls

30 ng/ml



(Burris H et al. Annals of epidemiology, June 2012)

• N = 1.067 white and 236 black mother-child pairs.
• 25(OH)D levels assessed in 2nd trimester maternal blood

Plasma 25-Hydroxyvitamin D during pregnancy and Small for
Gestational Age (SGA) birth in black and white infants

2nd trimester 25(OH)D levels < 25 nmol/L (10 ng/ml) were associated with
higher prevalence of SGA in comparison with 25(OH)D levels ≥ 25 nmol/L



Vitamin D during pregnancy and maternal, neonatal and infant
health outcomes: a systematic review and meta-analysis

 Vitamin D supplementation reduces the risk of low birthweight.

 No effect of daily supplementation on SGA (2 trials) and preterm
delivery (2 trials).

 Little evidence from trials exists to evaluate the effect of vitamin D
supplementation during pregnancy on maternal, perinatal or infant
health outcomes.

(Thorne-Lyman A, Fawzi WW. Pediatric and Perinatal Epidemiology July 2012)

Daily or bolus vitamin D
supplementation and risk of low
birthweight

• 3 studies (cases = 279; controls =
228)

• OR: 0.40 (I.C. 0.23-0.71)



Vitamin D supplementation for women during pregnancy
(6 studies; n = 1.023 women)

 Vitamin D supplementation during pregnancy improves women’s
vitamin D levels at term and seems to protect against low birthweight.

 However, there is no evidence that it prevents preeclampsia, gestational
diabetes or preterm birth. (De-Regil LM et al. Feb 2012)



calcium-vitamin D co-supplementation and glycaemic control,
inflammation and oxidative stress in gestational diabetes

Reduction of fasting plasma glucose (FPG) (p < 0,001), serum insulin
levels (p = 0,02) and HOMA-IR (p = 0,001) compared with placebo.

A randomised placebo-controlled trial. 51 pregnant women with gestational diabetes (Iran).
Placebo vs supplemented (5.000 UI vit D/twice during the study + 1.000 mg calcium per
day). Six weeks of intervention.

(Asemi Z. June 2014, Diabetologia)



• Five of the eight observational studies relating maternal 25(OH)-
vitamin D status to offspring bone outcomes demonstrated
positive associations. The one small intervention study identified
did not, but the methodology is unclear and a statistically
significant result is unlikely based on the sample size.

• Thus observational studies suggest that maternal 25(OH)-vitamin
D status may influence offspring bone development, but do not
allow public health recommendations to be made. Further high-
quality intervention studies are required here, such as the ongoing
MAVIDOS Maternal Vitamin D Osteoporosis Study



The effect of maternal vitamin D concentration on fetal bone

• Fetus from vitamin D sufficient mothers have higher femur
volume.

• Maternal vitamin D concentrations are significant predictors
of femoral volume. (Ioannou C et al. JCEM Nov 2012)

• n. 357 pregnant women
• fetal 3D ultrasound and maternal

25-OH-D levels assessed at 34 wk

25-OH-D (ng/ml)
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Maternal 25-hydroxyvitamin D level and fetal
bone growth assessed by ultrasound

(Galthen M. et al. 2014 Ultrasound Obstet Gynecol)

A systematic review

750 pubblications , 5 selected for inclusion in final review
Parameters studied:
humerus length (HL) and femour length (FL) and their Z-scores, femoral volume,
femoral distal metaphyseal cross-sectional area (CSA), femoral proximal
methaphyseal diameter (PMD), femoral mid-shaft diameter and crown-rump
lenght.

Low maternal 25(OH)D levels may affect fetal bone
growth (FL, HL Z-scores), especially in cases of

simultaneous low calcium intake.



UK: 207
pregnant
mothers in
2° trim

33% were
vitamin D
deficient



Cord-blood 25-hydroxyvitamin D levels and risk of respiratory
infection, wheezing, and asthma by the age of 3 months until 5 years

• N = 922 newborns

• Follow-up at 3 months, until 5 yr

• Median cord-blood 25-OHD = 17.6

ng/ml

25-OHD > 30 ng/ml = 27.2 %

25-OHD: 10-30 ng/ml = 53.2 %

25-OHD < 10 ng/ml = 19.6 %

•Low cord-blood levels of 25-OHD were common in newborns and were associated
with higher risk of respiratory infections by the age of 3 months.

•Cord blood 25-OHD levels were inversely associated with wheeze throughout early
childhood but had no association with incident asthma.

(Camargo CA et al. Pediatrics Jan 2011)



Vitamin D exposure during pregnancy, but not early
childhood, is associated with risk of childhood wheezing

Anderson LN et al
Dev Orig Health Dis 2015

Cohort study of children (0-5 years). Vitamin D supplement and wheezing
data were available for 2.478 children, and blood samples were available for
1.275 children.

The timing of exposure may be important in
understanding the association between vitamin D and
childhood wheezing.

Vitamin D supplementation during pregnancy was associated with
reduced odds of wheezing (aOR=0.65; 95% CI: 0.46-0.93), but child
vitamin D supplementation and childhood 25(OH)D were not associated
with reduced wheezing.



Higher circulating concentrations of
maternal 25(OH)D3 in pregnancy were
associated with improved mental and
psychomotor development in infants at
14 months.

(Morales et al. Pediatrics Oct 2012)

Circulating 25-hydroxyvitamin D3 in pregnancy and
infant neuropsychological development

• n. 1.820 mother-infant pairs.

• 25-OH-D levels assessed during
1st trimester (13.5± 2.1 wk).

• Offspring mental and psychomotor
scores were assessed at age 14 months
by using the Bayley Scales of Infant
Development.



Vitamin D in Fetal Development:
Findings From a Birth Cohort Study
Hart PH. et al. 2015

 Cohort of 901 mother-offspring pairs (Western Australia)
 Relationships between maternal vitamin D deficiency at 18 weeks

(36% of the pregnant woman, 323 of 901) and long term health
outcomes in the offspring were examined

Vitamin D deficiency was associated with: impaired development of fetal lung in
6 years old offspring, neurocognitive difficulties at age 10, increased risk of
eating disorders in adolescence, and lower peak bone mass at 20 years.

Vitamin D may have an important, multifaceted role in the development of
fetal lungs, brain, and bone.



Vitamin D supplementation in pregnancy
IOM Institute of Medicine 2011 600 UI/day for all

LARN National Recommended Energy and
Nutrient Intake Levels

2012 600 UI/day for all

FDA Food and Drug
Administration

2015 600 UI/day for all

ES Endocrine Society 2014 600 UI/day for all (1.500-2.000 at risk)

ACOG College of Obstetricians and
Gynecologist

2011 1.500 - 2.000 UI/day only if risk factors

WHO World Health Organization 2012 No routine supplementation

RCOG Royal College of Obstetricians and
Gynaecologists

2014 • 400 UI/day for all
• 1.000 UI/day if risk factors

all pregnant women: 600 UI/day
pregnant women with risk factors: 1.000-2000 UI/day



Vitamin D status: breastfeeding vs formula feeding
(Department of Pediatrics, University of Pisa)

46 unweaned infants
(1 – 7 months)

• 25-OH-D levels were
significantly different
according to
supplementation and
type of feeding.

• Exclusively breastfed
infants are at higher
risk of vitamin D
deficiency. Breastfed

not supplemented
Formula fed

without additional
supplementatiom

p<0.0004

Supplemented
independently

of type of feeding

9.4± 7.7
20.7± 5.0.

38.5± 15.3



METHODS:
Bone mineralization was studied by performing ultrasound scans of 73
healthy full-term subjects at the age of 3 months.
The infants were divided into three groups:
group A: breastfed without supplemental vitamin D (BF);
group B: breastfed with supplement of 400 IU/day of vitamin D(BFD);
group C: fed with formula (with and without supplemental vitamin D 400
IU/day) (FF).

RESULTS:
n 75% of subjects of group A mcSOS and mcBTT values were ≤ the 10th
percentile, while in group B they were between the 10th and 50th
percentile. In FF infants given supplemental vitamin D mcSOS and mcBTT
values were between the 25th and 75th percentile



 La profilassi nella nutrice deve essere effettuata con 600 UI
di vitamina D, anche se con tale dosaggio il latte materno
contiene scarse quantità di vitamina D (25-78 UI/l).

 Non è consigliabile utilizzare dosi più elevate per la
profilassi nella nutrice (es. 4.000 UI/die) per ottenere livelli
più elevati di vitamina D nel latte.

 La profilassi del lattante deve essere attuata con la
somministrazione diretta di vitamina D al lattante stesso.

Supplementazione con Vitamina D nella nutriceSupplementazione con Vitamina D nella nutrice



 Encourage women to establish healthy dietary practice
before conception

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

 vitamin D: 600 UI/day in all pregnant and lactating women

 Individualization of supplementation (1000-2000 UI/day of
vit D; iron and iodine): obesity, adolescents, vegetarians,
twins, celiac disease, veiling, specific pregnancy risks…….

Key points



for the next generations

Courtesy of David Barker


