Abstract

Pregnancy represents a period of crucial changes in the maternal organism and
metabolism, aiming to ensure proper fetal growth and development, as well as
maternal preservation. This review focuses on maternal nutrition, and
particularly on micronutrient deficiencies and supplementation during
pregnancy. Nutrient deficiencies and consequences in pregnant women are
presented, with an overview of current recommendations for dietary
supplementation in pregnancy, even considering the risk of micronutrient
overload. Appropriate universal supplementation and prophylaxis/treatment of
nutritional needs currently appears to be the most cost-effective goal in low-
income countries, thus ensuring adequate intake of key elements including
folate, iron, calcium, vitamin D and A. In high-income countries, a proper
nutritional assessment and counselling should be mandatory in obstetric care in
order to normalize pregestational body mass index, choose a healthy dietary

pattern and evaluate the risk of deficiencies.



Introduction

Pregnancy represents a period of crucial changes in the maternal organism and
metabolism, in order to ensure proper fetal growth and development, as well as
maternal preservation and survival [1]. Adequate pregestational nutritional
status, as well as proper gestational weight gain and dietary intakes are
mandatory to promote these processes and to avoid potentially adverse
maternal and pregnancy outcomes [2 - 7]. Therefore, it is important to
evaluate, monitor, and if appropriate, make changes to improve maternal
nutritional status both before and during pregnancy. Moreover, inadequate and
excessive dietary intakes have been associated with long-term effects and non-
communicable diseases in the offspring (developmental model for the origins of
disease, Barker Hypothesis). Particularly, fetal development in obesogenic
intrauterine environments can permanently modify individual biological and
metabolic pathways, leading to adaptive pathophysiological alterations in the
offspring and to increased risks of non-communicable diseases in adulthood
[8]. This gives a critical role to preconception and pregnancy care in order to
improve health of future generations and prevent transmission of obesity and

non-communicable diseases in the offspring.

Micronutrient supply in pregnancy: is diet enough?

Despite a small change in caloric and macronutrient requirements compared to
the non-pregnant state, the need for micronutrient supply exponentially
increases during pregnancy, particularly for key elements including iron, folate,
lodine, calcium and vitamin D [1]. Together with a limited availability of
nutrients and fortified foods in low-income countries and with an alarming

decline of appropriate nutritional habits in high-income countries, this explains



why micronutrient deficiencies are extremely common during pregnancy [9].
This raises the question whether dietary intake is enough to cover the increased
micronutrient requirements of pregnancy. The World Health Organization
(WHO) currently recommends to provide multiple micronutrient supplements to
pregnant women from populations with a high prevalence of maternal nutritional
deficiencies, thus reducing the risks of low birthweight (LBW) and small-for-
gestational-age (SGA) compared to iron-folic acid supplementation alone [ 10,
11]. Conversely, discordant results question the efficacy of routine multivitamin
supplementation among well-nourished women from high-income countries
[12]. Despite high food availability, several issues need to be pointed out.
Firstly, a general switch to a high fat, low quality-diet has been detected in
recent decades in high income-countries, leading to a huge increase in obesity
rates and micronutrient deficiencies [6]. Secondly, even nutrient-dense food
choices may not meet nutrient goals, not only due to the increased
requirements of pregnancy, but also to a general reduction of food quality and
nutritional value [13, 14]. Finally, previous studies showed that pregnant
women do not consistently change dietary habits compared to the
pregestational period, further increasing the possibility of mismatch with the
increased demands of the feto-placental unit [15]. This was confirmed by a
number of observational studies, showing dietary micronutrient intake
consistently below the recommended for pregnant women in high-income
countries [16, 17]. To address this gap, supplementation during pregnancy
has become increasingly popular, with a prevalence of use ranging from 70 to
97% in developed countries [16, 18]. A Norwegian study on 40,108 women
showed that the nutrient contribution of dietary supplements among users

varied from 65% for folate and vitamin D to 1% for potassium, with total intakes



of vitamin D, folate, iodine and iron still lower than the national
recommendations for pregnant women [16]. A recent meta-analysis also
provided evidences that fetal gender, pregestational maternal nutritional status
and adherence to supplementation represent important factors influencing the
effect of multivitamin supplementation on pregnancy outcomes, showing
improved survival and outcomes in case of female newborn and

undernourished/anaemic pregnant women [19].
Micronutrient intake, supplementation and pregnancy outcomes

Micronutrient intake is known to affect all stages of female reproductive period.
Starting as early as the periconceptional period, embryonic morphological
development has been definitely associated with maternal folic acid intake and
one-carbon metabolism [ 20, 21], leading to the strong recommendation of the
WHO to supplement all women of childbearing potential with daily folic acid 400
Mg [22]. Furthermore reproductive performance and consequent impaired
fertility have been associated with nutrition, with adherence to healthy dietary
patterns and intake of folic acid and omega-3 fatty acids found to be related to
better fertility and higher live birth rates in ART procedures [23]. Nutrition has
been additionally associated with fetal growth, preterm delivery and maternal
hypertensive disorders through the modulation of placental function and
inflammatory pathways [24 - 27]. Finally maternal nutrition in the postpartum
period has been related to neonatal growth and maternal health and lactation
[28, 29]. Figure 1 shows the WHO recommendations for dietary

supplementation in pregnant women (insert Figure 1).

Iron



Iron requirements more than double during pregnancy compared to the
pregestational period due to feto-placental demands and maternal red blood cell
expansion. This leads to an increase in iron need to about 30 mg/day during
pregnancy, whereas the requirement for absorbed iron steadily increases from
approximately 0.8 mg/day in the first trimester, to 4-5 mg/day in the second

trimester, and >6 mg/day in the third trimester [30].

Inadequacies in maternal iron stores primarily result in iron deficiency anemia
(IDA, hemoglobin concentrations below 110 g/L in the first and third trimesters
or 105 g/L in the second trimester), which affects about 45 million pregnant
women worldwide [31, 32]. IDA is further associated with lower gestational
age at birth and preterm delivery, LBW, stillbirth and reduced iron stores in the
newborn [33]. Since iron dietary intake alone cannot realistically meet the
increased demands of pregnancy due to low bioavailability, supplementation is
recommended to all pregnant women with a dosage depending on local
prevalence of maternal anemia (International Nutritional Anemia Consultative
Group). Therefore, in most developed countries, which have a 40% prevalence
of anemia in pregnancy, oral ferrous iron 60 mg/day is recommended to all
women throughout pregnancy (International Nutritional Anemia Consultative
Group). Preventive iron supplementation is associated with a reduction of
maternal anemia at term by 70%, while the effects on pregnancy and perinatal
outcomes are inconsistent and still controversial, particularly among non-
anemic women [ 34, 35]. As supplementation has been additionally associated
with an increased risk of hemoglobin concentrations at term higher than 130 g/I
and iron overload is associated with side effects and adverse pregnancy

outcomes (i.e. LBW, maternal hypertensive disorders), a supplementation



tailored according to the periconceptional iron status (serum ferritin) represent a
reasonable alternative, and excludes about 15-20% of iron-repleted women
from the need of supplementation in high-income countries [36] (insert Table

1).

Folic acid

Daily supplementation of folic acid 400-800 ug is recommended for all women
of childbearing potential in order to reduce the risk of neural tube defects (NTD)
in the offspring, starting from two months before to three months after
conception [22]. An increased dosage (4-5 mg/d) is required in case of high
risk of NTD or folate deficiency (i.e. previous child with an NTD, use of
anticonvulsants, pregestational diabetes), whereas supplement continuation is
additionally recommended in association with iron throughrout pregnancy for
anemia prevention [37]. Figure 2 shows the available strategies carried out in
order to improve folate status among childbearing women worldwide [37]
(insert Figure 2). True folate deficiency is rare in countries adopting a policy of
food fortification. However, suboptimal levels for NTD prevention (defined by the
WHO and the Center for Disease Control as red cell folate <400 ng/mL or 906
nmol/L) are common even in these countries, occurring in about 23% of fertile
women [38]. Conversely, the average dietary folate intake of European
women, where fortification programs are not implemented, is around 200 ug per
day, definitely below the recommended, with further inadequacies in dietary B
vitamins and lifestyle (i.e. smoking, alcohol and coffee consumption) leading to
an average increase in plasma homocysteine concentrations by 1-4 pumol/l [ 39,
40]. Given this, routine empiric folic acid supplementation is recommended for

all women. The body of evidence from randomized trials supports the efficacy of



folic acid supplementation and dietary fortification for decreasing the occurrence
and recurrence of NTDs by about 70%, without clear effects on other birth
defects [41]. A recent meta-analysis supports that maternal use of folic acid
supplements during pregnancy reduces the risk of autism spectrum disorders in
children by 33% [42], while systematic reviews linked folic acid
supplementation to a decreased risk of SGA infants [43]. Moreover, as a
methyl donor, folic acid has the potential to epigenetically modify gene
expression, explaining why intake and supplementation have been associated
with  DNA methylation in genes related to metabolism, growth, appetite
regulation, possibily explaining associations with non-communicable disease in
later life [44]. A new body of evidence has recently associated maternal folate
intake and status with first trimester embryonic growth, meaning that also
embryonic size, previously conceived as independent of environmental factors
and constant in all women and pregnancies, can be impacted and modified by
maternal nutrition, with long-term effects on birth outcomes and future health

[45, 46].
Calcium

The recommended dietary allowance (RDA) for elemental calcium in pregnant
and lactating women is 1000 mg/day, unchanged compared to the non-
pregnant state and depending on maternal age [47]. Calcium intake among
pregnant women often does not meet the recommendation even in developed
countries, with estimates of low calcium intake affecting 24% in the United
States and more than 30% in some north-European populations [48]. Calcium
intake is essential for fetal skeletal development, primarily in the third trimester.

Moreover, supplementation is a promising intervention for the prevention of pre-



eclampsia in case of low baseline dietary calcium intake and high risk of
hypertensive disorders. This led to the WHO recommendation to supplement
pregnant women at risk with 1.5-2.0 g/day of elemental calcium starting from 20
weeks of gestation onwards (2013). A recent systematic review and network-
meta-analysis on 28,000 women confirmed that calcium, vitamin D, and calcium
plus vitamin D lower the risk of preeclampsia by 46%, 53% and 50%
respectively [49]. Calcium supplementation does not reduce this risk in healthy
nulliparous women with adequate calcium intake, whereas still controversial are

the results regarding the risk of preterm birth and LBW [50].
lodine

lodine deficiency is associated with potentially harmful effects in pregnancy,
including maternal and fetal/neonatal hypothyroidism, as well as intellectual
disability and long-term effects on neurognitive development in the offspring
[51, 52]. The Institute of Medicine recommends a daily iodine intake of 220 ug
during pregnancy and 290 ug during lactation, while the WHO recommends
iodine intake of 250 ug for both pregnant and lactating women. Data surveys
showed urinary iodine concentrations identifying inadequate status (<150 pg/L)
in about 56% of pregnant women in the United States and data are even more
alarming in the European population, where only eight out of 21 countries
showed an adequate iodine status (38%) [53]. The extensive policy of salt
iodization promoted by the WHO and the lodine Global Network has
underpinned remarkable progress in ameliorating iodine deficiency worldwide,
especially during the last decade. Pregnant women should be encouraged to
use iodized salt (= 95 ug iodine per one-quarter teaspoon) and consume iodine-

rich seafood. lodine supplementation of pregnant women is recommended in



many regions with mild to moderate maternal iodine deficiency, but both long-
term benefits and safety of iodine supplementation are unclear and need further

investigation [54].
Vitamin D

Vitamin D is a fat-soluble hormone that plays a pivotal role in calcium,
magnesium, and phosphate homeostasis and as an antiproliferative and
immunomodulatory mediator. It is primarily obtained via skin production from
sunlight exposure and only one fifth via nutritional intake. Risk factors for
vitamin D deficiency in pregnancy include maternal low sun exposure, ethnicity,
cloathing and obesity. Maternal vitamin D deficiency, despite varying definitions
(25-hydroxy-vitamin D <30 nmol/l or <25 nmol/l), is extremely common in the
Mediterranean region, ranging from 41% to 90%, and has been related to
preeclampsia, gestational diabetes, disorders in bone formation, higher risk of
cesarean section and preterm birth [55]. Conversely, vitamin D
supplementation has been associated with reduced risks of pre-eclampsia,
LBW, preterm birth, and atopic diseases in childhood, but data on adverse
effects are lacking [56]. Routine supplementation in antenatal care still
remains a matter of debate, with the British Nutrition Foundation recommending
all pregnant women a daily supplementation containing vitamin D 10 pg, the
Institute of Medicine (2011) and Endocrine Society recommending a daily
vitamin D intake of 600 IU and 1500— 2000 IU respectively. On the other hand,
the WHO does not support universal supplementation. High-quality randomised
trials are still required to assess the effect of vitamin D supplementation on

pregnancy and newborn outcomes.

Selenium



Selenium is a trace element crucial in antioxidative protection, protein synthesis
and immunomodulatory and anti-proliferative mechanisms [57 - 61]. During
pregnancy, serum concentrations significantly decrease compared to the non-
pregnant state so that the RDA for this element increases to 60 ug/day [62,
63]. Dietary selenium intake appears to be at or above the recommendation in
the United States, while considerably lower in most parts of Europe (30-40
pg/day), mainly because of European soils providing a poorer source of
selenium [64]. Selenium deficiency has been associated with reproductive and
pregnancy complications, but results are inconclusive, as well as the capability
of supplementation to prevent reproductive and pregnancy disorders.
Observational studies reported associations between low selenium serum
concentrations, early pregnancy loss and preeclampsia, probably linked to the
reduced antioxidant protection of biological membranes and DNA, leading to
implantation disorders and placental disfunction, but results are still inconclusive
[63]. It was supposed that selenium supplementation either alone or in
combination with a general multivitamin supplement might also delay the onset
and severity of preeclampsia, ameliorating placental oxidative stress and buying
valuable time for fetal development prior to delivery [65 - 68]. Low
concentrations of selenium and antioxidative enzymes have been additionally
associated with hepatic impairment in patients with intrahepatic cholestasis [ 69,
70]. Recent epidemiological and intervention studies revealed a surprising
association between high serum selenium levels and type 2 diabetes,
hyperglycemia and dyslipidemia, probably due to an interaction between
selenoproteins and insulin induced signaling pathways related to carbohydrate
and lipid metabolism [71].

Magnesium



Magnesium has a crucial role in body temperature regulation, DNA and protein
biosynthesis, cardiac, nervous and muscular excitability and vasomotor tone
modulation. Magnesium deficiency is extremely rare in healthy individuals
eating a varied diet. The most common causes of magnesium deficiency
include inadequate dietary intake or gastrointestinal absorption, increased
losses through gastrointestinal or renal systems and increased requirement for
magnesium, such as in pregnancy. The role of magnesium in pregnancy has
been a matter of investigation for a long time. Retrospective data showed that
magnesium supplementation during pregnancy was associated with a reduced
risk of fetal growth restriction and preeclampsia, while higher first trimester
dietary intake was associated with increased birthweight [72, 73]. Several
randomised trials have been performed to evaluate the benefits of magnesium
supplementation during pregnancy on maternal and infant outcomes, showing
no significant effects on perinatal mortality, SGA infants and preeclampsia
[74]. An observational study on the role of magnesium and thyroid function in
early pregnancy after in-vitro fertilization (IVF) showed that women with
successful pregnancies have higher blood levels of magnesium, so that
supplementation prior to ART might be considered in order to improve
reproductive success [75]. Despite encouraging reports, current evidence is
insufficient to recommend the use of magnesium supplementation for routine
clinical practice.

Risk of micronutrient overload

Limited data are available on micronutrient overload and toxicity. However, at
very high doses, vitamins and minerals can be potentially toxic, thus

representing a crucial topic in high-income countries.



Iron

Excessive iron dietary intakes are associated with increased risk of type 2
diabetes through increased oxidative stress associated with increased insulin
resistance [76 - 79]. In addition, serum ferritin concentrations have been
positively associated with inflammation, hypertension, metabolic syndrome and
higher cardiovascular risk profile [80 - 82]. In pregnancy, excessive iron
supplements might expose women to increased oxidative stress, lipid
peroxidation, and pregnancy-induced hypertensive disorders [83 - 85]. Two
recent meta-analysis suggested that high iron status might contribute to
increase the risk of gestational diabetes, possibly mediated by iron oxidative
stress [86, 87]. The overproduction of reactive oxygen species can represent
an important mediator of damage to cell structures, including lipids, proteins and
DNA. Furthermore, high iron status could lead to increased platelet aggregation
and higher thrombotic risk [88]. It could therefore be hypothesized that iron
depletion during pregnancy might represent a physiological condition to prevent
the adverse effects of oxidation, insulin resistance, and thrombosis.
Gastrointestinal side-effects are commonly reported as adverse effects
associated with oral iron treatment and include nausea, flatulence, abdominal
pain, diarrhea, constipation, and black or tarry stools [89]. Several studies
consistently showed that soluble oral iron negatively impacts the colonic
microbiota, promoting the presence of potentially pathogenic bacteria at the
expense of beneficial bacteria [90 - 92]. Finally, available iron has been
proposed as a risk factor for colon inflammatory signalling and colorectal
carcinogenesis through the loss of the key intestinal tumor suppressor Apc

[93]. Targeting iron supplementation according to periconceptional iron status



could represent a cost-effective strategy to optimize iron stores and pregnancy
outcome, reducing the risk of overload and negative consequencies.

Folic Acid

As folic acid intake may delay the diagnosis of vitamin B12 deficiency, masking
megaloblastic anemia and thus allowing progression of neurologic
abnormalities, any vitamin B12 deficiency should be ruled out before starting
folic acid supplementation [94]. This explains the upper level of folate intake
set to 1 mg/day. Taking multivitamins containing both folic acid and vitamin B12
reduces any potential risk. As folic acid plays a role in DNA methylation and
epigenetic modulation of gene expression, folic acid supplementation has been
controversially associated with long-term adverse childhood effects for the
exposed fetus, particularly for atopic and reactive airway diseases, insulin
resistence and body mass composition [95, 96]. Moreover, folate, as a crucial
cofactor involved in DNA synthesis, is critically required for cell division and
growth, thus explaining the use of antifolate drugs in cancer chemotherapy. This
raises the question whether folic acid supplementation could eventually lead to
increased risks of carcinogenesis. In this regard, a 35-year follow-up study of
women receiving 0.2-5 mg folic acid daily during pregnancy showed a
subsequent non-significant increase in breast cancer mortality, and several
other concerns regard associations between folate status and colorectal
carcinogenesis [97]. More definitive evidence of beneficial or harmful effects of
folic acid on carcinogenesis are still necessary and many factors, including age,
sex, vitamin B12, alcohol, smoking, and polymorphisms in genes coding for
enzymes related to the one-carbon metabolism need to be included as

confounders [98, 99]. Despite these controversies, at this time, no change in



the recommendations for folic acid supplementation in pregnancy is
appropriate.

lodine

Excessive intake of iodine, reported in Japanese women whose diet contains
large amounts of seaweed, can cause fetal goiter, but the safe upper limit of
lodine intake in pregnancy is unclear. Fetal hypothyroidism is most commonly
caused by iodine deficiency, but it has been reported in women ingesting 2.3 to
12.5 mg of iodine daily [100 - 102].

Vitamin A

In humans, isotretinoin, a synthetic retinoid used in the treatment of severe
acne, has been associated with a 25 time higher risk of congenital
malformations [103, 104 ], mainly affecting the development of cephalic neural-
crest cells and derivatives and perhaps interfering with the neural tube closure
[105 - 108]. Vitamin A may become toxic for the mother and her fetus when
levels of intake exceed 10000 IU daily or 25 000 IU weekly [109]. B- carotene,
a precursor of vitamin A, may be preferred over vitamin A supplements in
pregnant women because excess of B-carotene is not known to cause birth
defects. Some foods are fortified with vitamin A and others are rich in vitamin A
(eggs, liver). For this reason, some groups (e.g. Finnish Food Safety Authority,
National Health Service) recommend to limit the intake of liver and liver
products mainly in the first trimester of pregnancy, particularly in high-income
countries where vitamin A deficiency is rare [110, 111]. The symptoms of
acute vitamin A toxicity, generally resulting from excessive supplementation,
include dizziness, nausea, vomiting, headaches, blurred vision, vertigo, reduced
muscle coordination, skin exfoliation, weight loss and fatigue.

Selenium



Chronic toxicity of selenium in humans results in selenosis, a condition
characterized by nervous system abnormalities, cutaneous and hair damage,
gastrointestinal syntoms, and rash. This has been reported for selenium intake
higher than 850 pg/day. The tolerable upper intake level for selenium has been
set at 400 pg/day by the Institute of Medicine [112].

Conclusions

Nutritional counselling should always be included in obstetric care, both in low
income and high-income countries, thus improving pregnancy outcome,
maternal survival and future health outcome in the offspring. Multivitamin
supplementation of all pregnant women represents the most cost-effective goal
in low-income countries in order to reduce both maternal and fetal adverse
outcomes compared to iron-folic acid supplementation alone. Pregnant women
from high-income countries should always receive a proper nutritional
assessment and counselling as early as the periconceptional period in order to
normalize BMI, choose a healthy dietary pattern (the so called Prudent diet or
Mediterranean dietary pattern) and improve pregnancy outcome. Dangerous
habits including skipping meals, limiting food or special diets, low frequency of
consuming calcium foods, vegetables, or fruits and high intake of sugars/fats
need to be investigated. In case of increased risk of micronutrient deficiency,
multivitamin supplementation could be a reasonable option to optimize
micronutrient intake in pregnancy even in developed countries, with a low risk of
micronutrient overload [113, 11, 114]. Proper evaluation of dietary intake and
nutritional status (i.e. ferritin level in the periconceptional period) will also
consistently reduce the risk of nutrient overload among these women. Table 2
summarizes current policies of micronutrient supplementation and the

associated risks of deficiencies and overload (Insert Table 2).



References

. King JC. Physiology of pregnancy and nutrient metabolism. Am J Clin Nutr
2000; 71 :1218-1225.

. Ramakrishnan U, Grant F, Goldenberg T et al. Effect of women's nutrition
before and during early pregnancy on maternal and infant outcomes: a
systematic review. Paediatr Perinat Epidemiol 2012; 26 :285-301.

. American College of Obstetricians and Gynecologists. ACOG Committee
opinion no. 549: obesity in pregnancy. Obstet Gynecol 2013; 121: 213-217.

. Feodor Nilsson S, Andersen PK, Strandberg-Larsen K et al. Risk factors for
miscarriage from a prevention perspective: a nationwide follow-up study. BJOG
2014; 121:1375-1384.

. Shaw GM, Wise PH, Mayo J et al.; March of Dimes Prematurity Research
Center at Stanford University School of Medicine. Maternal prepregnancy body
mass index and risk of spontaneous preterm birth. Paediatr Perinat Epidemiol
2014; 28 :302-311.

. Parisi F, Laoreti A and Cetin I. Multiple micronutrient needs in pregnancy in
industrialized countries. Ann Nutr Metab 2014; 65 :13-21.

. Marangoni F, Cetin |, Verduci E et al. Maternal Diet and Nutrient Requirements
in Pregnancy and Breastfeeding. An Italian Consensus Document. Nutrients
2016; 8. pii: E629.

. Luyckx VA, Perico N, Somaschini M et al. Writing group of the Low Birth Weight
and Nephron Number Working Group. A developmental approach to the
prevention of hypertension and kidney disease: a report from the Low Birth

Weight and Nephron Number Working Group. Lancet 2017; 390 :424-428.



9. World Health Organization. The global prevalence of anaemia in 2011.
http://apps.who.int/iris/bitstream/10665/177094/1/9789241564960_eng.pdf
(2015, accessed 30 August 2017).

10. Moos MK, Dunlop AL, Jack BW et al. Healthier women, healthier reproductive
outcomes: recommendations for the routine care of all women of reproductive
age. Am J Obstet Gynecol 2008 ;199 :280-289.

11. Haider BA and Bhutta ZA. Multiple-micronutrient supplementation for women
during pregnancy. Cochrane Database Syst Rev 2017 ;4: CD004905.

12. Wolf HT, Hegaard HK, Huusom LD et al. Multivitamin use and adverse birth
outcomes in high-income countries: a systematic review and metanalysis. Am J
Obstet Gynecol 2017; 217: 404 e1-404.e30

13.Blumfield ML, Hure AJ, Macdonald-Wicks L et al. A systematic review and
meta-analysis of micronutrient intakes during pregnancy in developed countries.
Nutr Rev 2013; 71:118-132.

14.Center for Nutrition Policy and Promotion. Nutreints in 2010 USDA food
patterns at all calorie levels. http://www.cnpp.usda.gov/sites/default/files/usda_
food_patterns/Nutrientsin2010USDAFoodPatternsatAllCalorieLevels.pdf
(2010, accessed 15 August 2017).

15. Milman N, Kirchhoff M and Jgrgensen T. Iron status markers, serum ferritin and
hemoglobin in 1359 Danish women in relation to menstruation, hormonal
contraception, parity, and postmenopausal hormone treatment. Ann Hematol
1992; 65:96-102.

16.Haugen M, Brantsaeter AL, Alexander J et al. Dietary supplements contribute
substantially to the total nutrient intake in pregnant Norwegian women. Ann Nutr

Metab 2008; 52:272-280.


http://www.cnpp.usda.gov/sites/default/files/usda_%20food_patterns/Nutrientsin2010USDAFoodPatternsatAllCalorieLevels.pdf
http://www.cnpp.usda.gov/sites/default/files/usda_%20food_patterns/Nutrientsin2010USDAFoodPatternsatAllCalorieLevels.pdf

17.Branstaeter A, Haugen M, Myhre R et al. Diet matters, particularly in pregnancy
— results from MoBa studies of maternal diet and pregnancy outcomes. Norsk
Epidemiol 2014;24: 63-77.

18.Forster DA, Wills G, Denning A et al. The use of folic acid and other vitamins
before and during pregnancy in a group of women in Melbourne, Australia.
Midwifery 2009; 25:134-146

19.Smith ER, Shankar AH, Wu LS et al. Modifiers of the effect of maternal multiple
micronutrient supplementation on stillbirth, birth outcomes, and infant mortality:
a meta-analysis of individual patient data from 17 randomised trials in low-
income and middle-income countries. Lancet Glob Health 2017;5 :1090-1100.

20.Cetin |, Berti C and Calabrese S. Role of micronutrients in the periconceptional
period. Hum Reprod Update 2010; 16:80-95

21.Fekete K, Berti C, Cetin | et al. Perinatal folate supply: relevance in health out
come parameters. Matern Child Nutr 2010;6:23-38

22.Bibbins-Domingo K, Grossman DC, Curry SJ et al. Folic Acid Supplementation
for the Prevention of Neural Tube Defects: US Preventive Services Task Force
Recommendation Statement. JAMA 2017;317:183-189.

23.Gaskins AJ and Chavarro JE. Diet and fertility: a review. Am J Obstet Gynecol.
Epub ahead of print 24 August 2017 DOI: 10.1016/j.ajog.2017.08.010

24.Cetin I, Mando C and Calabrese S. Maternal predictors of intrauterine growth
restriction. Curr opin clin nutr metab care 2013;16:310-319

25.Kalhan SC. One carbon metabolism in pregnancy: Impact on maternal, fetal
and neonatal health. Mol Cell Endocrinol 2016; 435:48-60

26.Wadhwani N, Patil V and Joshi S. Maternal long chain polyunsaturated fatty
acid status and pregnancy complications. Prostaglandins Leukot Essent Fatty

Acids. Epub ahead of print 15 August 2017 DOI: 10.1016/j.plefa.2017.08.002


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bibbins-Domingo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28097362
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grossman%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=28097362
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curry%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=28097362
https://www.ncbi.nlm.nih.gov/pubmed/28097362

27.Amegah AK, Klevor MK and Wagner CL. Maternal vitamin D insufficiency and
risk of adverse pregnancy and birth outcomes: A systematic review and meta-
analysis of longitudinal studies. PLoS One 2017;12:e0173605

28.Milman N. Postpartum anemia II: prevention and treatment. Ann Hematol 2012;
91:143-154.

29.Garcia AH, Voortman T, Baena CP et al. Maternal weight status, diet, and
supplement use as determinants of breastfeeding and complementary feeding:
a systematic review and meta-analysis. Nutr Rev 2016; 74:490-516.

30.Bothwell TH. Iron requirements in pregnancy and strategies to meet them. Am J
Clin Nutr 2000 ;72: 257-264.

31.McLean E, Cogswell M, Egli | et al. Worldwide prevalence of anaemia, WHO
Vitamin and Mineral Nutrition Information System, 1993-2005. Public Health

Nutr 2009;12:444-454.

32.World Health Organization.Haemoglobin concentrations for the diagnosis of
anaemia and assessment of severity. Vitamin and Mineral Nutrition Information
System, www.who.int/vmnis/indicators/haemoglobin.pdf. (2011, accessed 10
August 2017)

33.Haider BA, Olofin I, Wang M et al. Anaemia, prenatal iron use, and risk of
adverse pregnancy outcomes: systematic review and meta-analysis. BMJ. 2013
;346: 3443.

34.Cantor AG, Bougatsos C, Dana T et al. Routine iron supplementation and
screening for iron deficiency anemia in pregnancy: a systematic review for the
U.S. Preventive Services Task Force. Ann Intern Med 2015; 162:566-576.

35.Pefa-Rosas JP, De-Regil LM, Garcia-Casal MN et al. Daily oral iron
supplementation during pregnancy. Cochrane Database Syst Rev 2015;7:

CD004736.


https://www.ncbi.nlm.nih.gov/pubmed/?term=McLean%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18498676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cogswell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18498676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Egli%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18498676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Worldwide+prevalence+of+anaemia+1993%E2%80%932005.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Worldwide+prevalence+of+anaemia+1993%E2%80%932005.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haider%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=23794316
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olofin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23794316
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23794316
https://www.ncbi.nlm.nih.gov/pubmed/23794316

36.Milman N, Paszkowski T, Cetin | et al. Supplementation during pregnancy:
beliefs and science. Gynecol Endocrinol 2016; 32:509-516.

37.Viswanathan M, Treiman KA, Kish-Doto J et al. Folic Acid Supplementation for
the Prevention of Neural Tube Defects: An Updated Evidence Report and
Systematic Review for the US Preventive Services Task Force. JAMA 2017;
317:190-203.

38.Tinker SC, Hamner HC, Qi YP et al. U.S. women of childbearing age who are at
possible increased risk of a neural tube defect-affected pregnancy due to
suboptimal red blood cell folate concentrations, National Health and Nutrition
Examination Survey 2007 to 2012. Birth Defects Res A Clin Mol Teratol 2015;
103:517-526.

39. Dhonukshe-Rutten RA, de Vries JH, de Bree A et al.Dietary intake and status of
folate and vitamin B12 and their association with homocysteine and
cardiovascular disease in European populations. Eur J Clin Nutr 2009; 63:18-30

40. Steegers-Theunissen RP, Twigt J, Pestinger V et al.The periconceptional
period, reproduction and long-term health of offspring: the importance of one-
carbon metabolism. Hum Reprod Update 2013;19: 640-655.

41.De-Regil LM, Pefia-Rosas JP, Fernandez-Gaxiola AC et al. Effects and safety
of periconceptional oral folate supplementation for preventing birth defects.
Cochrane Database Syst Rev 2015;12: CD007950

42.Wang M, Li K, Zhao D, Li L. The association between maternal use of folic acid
supplements during pregnancy and risk of autism spectrum disorders in
children: a meta-analysis. Mol Autism 2017; 8:51.

43.Hodgetts VA, Morris RK, Francis A et al. Effectiveness of folic acid

supplementation in pregnancy on reducing the risk of small-for-gestational age



44,

45.

46.

47.

48.

49.

50.

51.

neonates: a population study, systematic review and meta-analysis. BJOG
2015; 122:478-490.

Pauwels S, Ghosh M, Duca RC et al. Maternal intake of methyl-group donors
affects DNA methylation of metabolic genes in infants. Clin Epigenetics 2017;
9:16.

van Uitert EM, Exalto N, Burton GJ et al. Human embryonic growth trajectories
and associations with fetal growth and birthweight. Hum Reprod 2013; 28:1753-
1761.

Parisi F, Rousian M, Koning AH et al. Periconceptional maternal biomarkers of
one-carbon metabolism and embryonic growth trajectories: the Rotterdam
Periconceptional Cohort (Predict Study). Fertil Steril 2017; 107:691-698.

Hacker AN, Fung EB and King JC. Role of calcium during pregnancy: maternal
and fetal needs. Nutr Rev 2012; 70:397-409.

Heppe DH, Medina-Gomez C, Hofman A et al. Maternal first-trimester diet and
childhood bone mass: the Generation R Study. Am J Clin Nutr 2013; 98:224-
232.

Khaing W, Vallibhakara SA, Tantrakul V et al. Calcium and Vitamin D
Supplementation for Prevention of Preeclampsia: A Systematic Review and
Network Meta-Analysis. Nutrients 2017;9. pii: E1141

Buppasiri P, Lumbiganon P, Thinkhamrop J et al. Calcium supplementation
(other than for preventing or treating hypertension) for improving pregnancy and
infant outcomes. Cochrane Database Syst Rev 2015;2: CD007079.

Bath SC, Steer CD, Golding J et al. Effect of inadequate iodine status in UK
pregnant women on cognitive outcomes in their children: results from the Avon
Longitudinal Study of Parents and Children (ALSPAC). Lancet 2013;382:331-

337.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+inadequate+iodine+status+in+UK+pregnant+women+on+cognitive+outcomes+in+their+children%3A+results+from+the+Avon+Longitudinal+Study+of+Parents+and+Children+(ALSPAC)

52. Abel MH, Caspersen IH, Meltzer HM et al. Suboptimal Maternal lodine Intake Is
Asociated with Impaired Child Neurodevelopment at 3 Years of Age in the
Norwegian Mother and Child Cohort Study. J Nutr 2017;147:1314-1324.

53.Lazarus JH. lodine status in Europe in 2014. Eur Thyroid J 2014, 3:3-6.

54.Pearce EN, Lazarus JH, Moreno-Reyes R et al. Consequences of iodine
deficiency and excess in pregnant women: an overview of current knowns and
unknowns. Am J Clin Nutr 2016; 104:918-923.

55.Karras S, Paschou SA, Kandaraki E et al. Hypovitaminosis D in pregnancy in
the Mediterranean region: a systematic review. Eur J Clin Nutr 2016; 70:979-
986.

56.De-Regil LM, Palacios C, Lombardo LK et al. Vitamin D supplementation for
women during pregnancy. Cochrane Database Syst Rev 2016;1: CD008873.

57.Mistry HD and Williams PJ. The importance of antioxidant micronutrients in
pregnancy. Oxid Med Cell Longev 2011; 2011:1-12.

58.Palmieri C and Szarek J. Effect of maternal selenium supplementation on
pregnancy in humans and livestock. J Elementol 2011; 16:143-156

59.Rayman MP. Selenium and human health. Lancet 2012; 379:1256—-1268.

60. Stranges S, Galletti F, Farinaro E et al. Associations of selenium status with
cardiometabolic risk factors: an 8-year follow-up analysis of the Olivetti Heart
Study. Atherosclerosis 2011; 217:274-278.

61.Nawarro-Alarcon M and Lopez-Martinez MC. Essentiality of selenium in the
human body: relationship with different diseases. Sci Total Environ 2000;
249:347-371.

62.Wasowicz W, Wolkanin P, Bednarski M et al. Plasma trace element (Se, Zn,Cu)
concentration in maternal and umbilical cord blood in Poland. Biol Trace Elem

Res 1993; 38:205-215.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Suboptimal+Maternal+Iodine+Intake+Is+Associated+with+Impaired+Child+Neurodevelopment+at+3+Years+of+Age+in+the+Norwegian+Mother+and+Child+Cohort+Study

63. Mistry HD, Broughton Pipkin F, Redman CWG et al. Selenium in repro- ductive
health. Am J Obstet Gynecol 2012; 206:21-30

64.Thomson CD. Assessment of requirements for selenium and adequacy of
selenium status: a review. Eur J Clin Nutr 2004; 58:391-402.

65.Mistry HD, V. Wilson, M. M. Ramsay et al. Reduced selenium concentrations
and glutathione peroxidase activity in preeclamptic pregnancies. Hypertension
2008; 52: 881-888.

66.Rayman MP, Bode P, and Redman CW. Low selenium status is associated with
the occurrence of the pregnancy disease preeclampsia in women from the
United Kingdom. Am J Obstet and Gynecol 2003; 189:1343-1349.

67.Maleki A, Fard MK, Zadeh DH et al.The relationship between plasma level of Se
and preeclampsia. Hypertens Pregnancy 2001; 30:180-187.

68.Vanderlelie J and Perkins AV. Selenium and Preeclampsia: A Global
Perspective. Pregnancy Hypertens 2011;1: 213-224.

69.Kumar KS, Kumar A, Prakash S et al. Role of red cell selenium in recurrent
pregnancy loss. J Obstet Gynaecol 2002; 22:181-183.

70.Reyes H, Baez ME, Gonzalez MC et al. Selenium, zinc and copper plasma
levels in intrahepatic cholestasis of pregnancy, in normal pregnancies and in
healthy individuals in Chile. J Hepatol 2000; 32:542-549.

71.Steinbrenner H, Speckmann B, Pinto A et al. High selenium intake and
increased diabetes risk: experimental evidence for interplay between selenium
and carbohydrate metabolism. J Clin Biochem Nutr 2011; 48:40-45.

72.Conradt A, Weidinger H and Algayer. On the role of magnesium in fetal
hypotrophy, pregnancy induced hypertension and pre-eclampsia. Magnesium

Bulletin 1984; 6:68—76.



73.Doyle W, Crawford MA, Wynn AH et al. Maternal magnesium intake and
pregnancy outcome. Magnesium Research 1989; 2:205-210

74.Makrides M, Crosby DD, Bain E et al. Magnesium supplementation in
pregnancy. Cochrane Database Syst Rev 2014,;4:CD000937

75.Stuefer S., Moncayo H and Moncayo R. The role of magnesium and thyroid
function in early pregnancy after in-vitro fertilization (IVF): New aspects in
endocrine physiology. BBA Clin 2015; 3: 196—-204.

76.Rajpathak SN, Ma J, Manson JA et al. Iron intake and the risk of type 2
diabetes in women. Diabetes Care 2006; 29:1370-1376.

77.Luan DC, Li H, Li SJ et al. Body iron stores and dietary iron intake in relation to
diabetes in adults in North China. Diabetes Care 2008; 31:285-286.

78.Fernandez-Real JM, Lopez-Bermejo A and Ricart W.Cross-talk between iron
metabolism and diabetes. Diabetes 2002; 51: 2348—-2354.

79.Goldstein BJ, Mahadev K, Wu X et al. Role of insulin-induced reactive oxygen
species in the insulin signaling pathway. Antioxid. Redox Signal 2005:7;1021—
1031.

80.Piperno A, Trombini P, Gelosa M et al. Increased serum ferritin is common in
men with essential hypertension. J Hypertens 2002;20: 1513-1518.

81.Qi L, van Dam RM, Rexrode K et al. Heme iron from diet as a risk factor for
coronary heart disease in women with type 2 diabetes. Diabetes Care 2007;
30:101-106.

82.Williams MJ, Poulton R and Williams S. Relationship of serum ferritin with
cardiovascular risk factors and inflammation in young men and women.
Atherosclerosis 2002; 165:179-184.

83.Casanueva E and Viteri FE. Iron and oxidative stress in pregnancy. J Nutr

2003;133: 1700-1708.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Makrides%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24696187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crosby%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=24696187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bain%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24696187
https://www.ncbi.nlm.nih.gov/pubmed/24696187
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stuefer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26675754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moncayo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26675754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moncayo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26675754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4661571/

84.Lachili B, Hininger |, Faure H et al. Increased lipid peroxidation in pregnant
women after iron and vitamin C supplementation. Biol Trace Elem Res 2001,
83:103-110.

85.Ziaei S, Norrozi M and Faghihzadeh S. A randomized placebo-controlled trial to
determine the effect of iron supplementation on pregnancy outcome in pregnant
women with Hb_13.2g/ dl. BJOG 2007; 114:684-688.

86.Fu S., Li F, Zhou J et al.The relationship between body iron status, iron intake
and gestational diabetes — a systematic review and meta-analysis. Medicine
(Baltimore) 2016;95: 2383

87.Zhuang T, Han H and Yang Z. Iron, oxidative stress and gestational diabetes.
Nutrients 2014; 6:3968—3980.

88.Sullivan JL. The iron paradigm of ischaemic heart disease. Am Heart J 1989;
117:1177-1188.

89.Tolkien Z., Stecher L., Mander AP et al. Ferrous Sulfate Supplementation
Causes Significant Gastrointestinal Side-Effects in Adults: A Systematic Review
and Meta-Analysis. PLoS One 2015;10:e0117383.

90.Kortman GA, Boleij A, Swinkels DW et al. Iron availability increases the
pathogenic potential of Salmonella typhimurium and other enteric pathogens at
the intestinal epithelial interface. PLoS One 2012; 7: €29968

91.Werner T, Wagner SJ, Martinez | et al. Depletion of luminal iron alters the gut
microbiota and prevents Crohn's disease-like ileitis. Gut 2011;60:325-333.

92.Zimmermann MB, Chassard C, Rohner F et al.The effects of iron fortification on
the gut microbiota in African children: a randomized controlled trial in Cote
d'lvoire. Am J Clin Nutr 2010;92: 1406-1415.

93.Radulescu S, Brookes MJ, Salgueiro P et al. Luminal iron levels govern

intestinal tumorigenesis after Apc loss in vivo. Cell Rep 2012;2:270-282.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrous+Sulfate+Supplementation+Causes+Significant+Gastrointestinal+Side-Effects+in+Adults%3A+A+Systematic+Review+and+Meta-Analysis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Depletion+of+luminal+iron+alters+the+gut+microbiota+and+prevents+Crohn%27s+disease-like+ileitis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radulescu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22884366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brookes%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22884366
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salgueiro%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22884366
https://www.ncbi.nlm.nih.gov/pubmed/22884366

94.Reynolds E. Vitamin B12, folic acid, and the nervous system. Lancet Neurol
2006;5: 949-960.

95.Yajnik CS, Deshpande SS, Jackson AA, et al. Vitamin B12 and folate
concentrations during pregnancy and insulin resistance in the offspring: the
Pune Maternal Nutrition Study. Diabetologia 2008; 51:29 —38.

96. Geraghty AA, Lindsay KL, Alberdi G et al. Nutrition During Pregnancy Impacts
Offspring's Epigenetic Status-Evidence from Human and Animal Studies. Nutr
Metab Insights 2016; 8:41-47.

97.Charles D, Ness AR, Campbell D et al. Taking folate in pregnancy and risk of
maternal breast cancer. BMJ 2004; 329:1375-1376.

98.Sharp L and Little J. Polymorphisms in genes involved in folate metabolism and

colorectal neoplasia: a HUGE review. Am J Epidemiol 2004; 159:423— 443.

99.Cheng TY, Makar KW, Neuhouser ML et al. Folate-mediated one-
carbon metabolism genes and interactions with nutritional factors on
colorectal cancer risk:  Women's Health Initiative Observational Study.

Cancer 2015;121:3684-3691

100. Nishiyama S, Mikeda T, Okada T et al. Transient hypothyroidism or persistent
hyperthyrotropinemia in neonates born to mothers with excessive iodine intake.
Thyroid 2004; 14:1077-1083

101. Connelly KJ, Boston BA, Pearce EN et al. Congenital hypothyroidism caused
by excess prenatal maternal iodine ingestion. J Pediatr 2012; 161:760-762

102. Thomas Jde V and Collett-Solberg PF. Perinatal goiter with increased iodine
uptake and hypothyroidism due to excess maternal iodine ingestion. Horm Res
2009; 72:344-347

103. Rosa FW. Teratogenicity of isotretinoin. Lancet 1983; 2:513.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20TY%5BAuthor%5D&cauthor=true&cauthor_uid=26108676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makar%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=26108676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuhouser%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=26108676
https://www.ncbi.nlm.nih.gov/pubmed/26108676

104.Lammer EJ, Chen DT, Hoar RM et al. Retinoic acid embryopathy. N Engl J
Med 1985; 313:837-841.

105. Teratology Society position paper: recommendations for vitamin A use during
pregnancy. Teratology 1987; 35:269-275.

106. Kirby ML. Cardiac morphogenesis — recent research advances. Pediatr Res
1987, 21:219-224

107.Dencker L, Gustafson AL, Annerwall E et al. Retinoid binding proteins in
craniofacial development. J Craniofac Genet Dev Biol 1991; 11:303-314.

108. Eckhoff CH and Nau H. Vitamin A supplementation increases levels of retinoic
acid compounds in human plasma: possible implications for teratogenesis. Arch
Toxicol 1990; 64:502-503

109. Dibley MJ and Jeacocke DA. Safety and toxicity of vitamin A supplements in
pregnancy. Food Nutr Bulletin 2001, 22:248—-266

110. Nelson M. Vitamin A, liver consumption, and risk of birth defects. BMJ 1990;
301:1176.

111.Hartmann S, Brars O, Bock J, et al. Exposure to retinoic acids in non-pregnant
women following high vitamin A intake with a liver meal. Int J Vitam Nutr Res
2005; 75:187-194

112.Monsen ER. Dietary reference intakes for the antioxidant nutrients: vitamin C,
vitamin E, selenium and carotenoids. J Am Diet Assoc 2000; 100:637-640

113.Berti C, Decsi T, Dykes F et al. Critical issues in setting micronutrient
recommendations for pregnant women: an insight. Matern Child Nutr 2010; 6: 5-
22

114.Biesalski HK and Tinz J. Multivitamin/mineral supplements: Rationale and

safety. Nutrition 2017; 36:60-66.



Figures Legend

Figure 1. Micronutrient deficiencies and WHO recommendations for

supplementation in pregnancy.

Figure 2. Worldwide strategies to implement folate status among women of

childbearing age [37].
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Worldwide strategies to optimize folate status

1. Increased dietary intake

- food folate is 1.7 times less bioavailable than synthetic folic acid

- usual daily intake of folate is about 0.16-0.20 mg/day

- a 3.5-fold increase in daily folate intake would require unrealistic intake of
folate-rich food (i.e. about 15 servings of broccoli each day)

this is not a convincing strategy

2. Mandatory food fortification

- Leads to an estimated intake of 0.1-0.2 mg/day

- Currently 53 countries worldwide

- Passive intervention with low risk of overload, but no assurance that all
target groups will receive adequate amounts of the fortificants

3. Supplementation: folic acid/multivitamin supplements (0.4-0.8 mg)

- risk: unplanned pregnancies

4. Future: the US FDA (Food and Drug Administration) approved a new
oral contraceptive comprising levomefolate calcium as the folate component
besides contraceptive components



Table 1. Preventive iron supplementation for non-anemic pregnant women

according to periconceptional iron status (ferritin concentrations) and treatment

recommendations for anemic women [36].

Non-anemic pregnat women

Serum ferritin (mg/L)

Supplementation

Pregnant women (%)

> 70-80 No iron supplement 15-20
30-70 30-40 mg/day 40
<30 60-80 mg/day 40
Mild to moderate anemic pregnant women
Hb<110 g/L Elemental ferrous iron 100-200 mg/day




Table 2. Summary of micronutrient supplementation during pregnancy and risks of deficiency and overload.

Micronutrient

Implications for deficiency

Supplementation policy

Risks of overload

Iron

Maternal IDA with increased
risks of preterm delivery,
LBW, stillbirth and reduced
iron stores in the newborn

Universal supplementation
according to the prevalence of
anemia (60 mg/day for IDA
prevalence of 40%)

or

Supplementation tailored to iron
stores (see Table 1)

- Gastrointestinal side effects

- Increased risk of hemoglobin
concentrations at term higher than 130 g/l

- Adverse pregnancy outcomes (e.g. LBW,
maternal hypertensive disorders, thrombotic
risk, gestational diabetes)

Folic acid -NTD Universal, 400-800 ug/day starting | - Delay in vitamin B12 deficiency diagnosis,
- Increased risks of LBW and | from two months before to three masking megaloblastic anemia with
non-communicable diseases | months after conception neurologic consequences
in adulthood or - Colorectal carcinogenesis?

4-5 mg/d in case of high risk of
NTD or folate deficiency
Supplement continuation is
recommended in association with
iron throughrout pregnancy for
anemia prevention

Calcium - Impaired fetal skeletal 1.5-2.0 g/day of elemental calcium | Maternal side effects (e.g. gastrointestinal)
development starting from 20 weeks of gestation
- Increased risk of maternal onwards in case of risk for
hypertensive disorders deficiency or hypertensive

disorders
lodine Maternal and fetal/neonatal Recommended intake of 250 Fetal goiter




hypothyroidism, intellectual
disability and long-term
effects on neurognitive
development in the offspring

pg/day for pregnant and lactating
women

Vitamin D - Impaired fetal bone Universal supplementation 10 Controversial small increase in kidney
formation Mg/day - 600 IU/day stones
- Controversial associations
with risks of preeclampsia, Or
LBW, gestational diabetes,
cesarean section and preterm | Women at risk for deficiency
birth
Selenium Controversial associations 60 pg/day Selenosis (tolerable upper intake level 400
with early pregnancy loss, pg/day)
preeclampsia, intrahepatic
cholestasis
Magnesium Controversial associations 240 mg/day Not reported
with fetal growth restriction
and preeclampsia
Vitamin A Maternal anemia, night Supplementation is only - Congenital malformations for intake higher

blindness, congenital
malformations

recommended to prevent night
blindness in areas where vitamin A
deficiency is a severe public health
problem (10000 IU/day, or 25000
IU/week)

than 10000 IU daily
- Maternal side effects

IDA: iron deficiency anemia; LBW: low birth weight; NTD: neural tube defects.




