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Abstract

Nutrition plays a major role in maternal and child health and it is widely 
recognized that optimum nutrition in early life is the foundation for long-
term health. A healthy maternal dietary pattern, along with adequate maternal 
body composition, metabolism and placental nutrient supply, reduces the risk 
of maternal, fetal and long-term effects in the offspring. While undernutrition 
is mainly an issue of low-income countries, malnutrition, due to poor quality 
diet, is becoming a global health problem.

Preconceptional counseling of women of childbearing age should 
spread awareness of the importance of maternal nutrition before and during 
pregnancy and should promote a cultural lifestyle change, in favor of a healthy 
weight before conceiving and balanced healthy diet with high-quality foods 
consumption. Supplementation and/or fortification can make a contribution 
when recommended micronutrient intakes are difficult to be met through 
food alone. In industrialized countries, although a balanced diet is generally 
accessible, a switch to a high-fat and low-quality diet has led to inadequate 
vitamin and mineral intake during pregnancy. Evidence do not support a 
routine multiple micronutrient supplementation but highlights the importance 
of an individualized approach, in order to recognize nutritional deficiencies 
of individuals, thus leading to healthful dietary practices prior to conception 
and eventually to tailored supplementation.
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Introduction

Pregnancy represents a unique époque in life with 
considerable potential to influence not only maternal 
health but also the health of the next generation. 
Nutrition plays a major role in maternal and child 
health and dietary interventions in pregnancy can 
influence maternal, fetal and infant health. 

Poor maternal nutritional status, along with 
maternal body composition, metabolism and 
placental nutrient supply, are the main factors 
that can negatively or positively influence fetal 
development and have been strictly related to 
adverse pregnancy outcome and expression of fetal 
genetic potential.

Nevertheless, the association between maternal 
nutrition and birth outcome is quite complex and 
influenced by different biologic, socioeconomic, and 
demographic factors, which vary widely in different 
populations. Understanding the relationship between 
maternal nutrition, pregnancy and birth outcomes 
may provide a basis for developing nutritional 
interventions that will improve birth outcomes 
and long-life health of the newborn, improving the 
quality of life and reducing mortality, morbidity, 
and health-care costs. 

Maternal dietary pattern and pregnancy and 
infant outcomes

Macro- and micronutrients are direct regulators 
of DNA stability and phenotypic adaptation, by 
influencing the availability of methyl donors and 
mechanisms promoting DNA stability; thereby 
they serve as substrates, transcription factors and 
modifiers of gene expression, influencing complex 
biological pathways involved in embryogenesis, as 
well as fetal growth and development [1].

A number of studies have investigated the 
relationship between diet and unfavorable obstetric 
outcomes. This relationship can be examined at the 
level of nutrients, foods, or dietary patterns. It is 

immediately apparent that identifying the potential 
influence of single substances is difficult. Nutrients 
from natural food sources are generally consumed 
in meals and not as isolated components, so that 
the usual diet contains thousands of nutrients, while 
the same substance is present in different foods and 
foods are not consumed independently of each other. 
Therefore, the use of dietary patterns, a measure of 
overall dietary behavior, has become widespread in 
nutrition research in recent years as an alternative 
approach to studying individual components 
of the diet. Dietary patterns research examines 
the influence of foods eaten in combination and 
allows for interactions between nutrients, giving a 
broader and more balanced description of data, and 
overcoming the methodological limitations related 
to the study of single nutrients or foods [2, 3]. 

Dietary patterns are population specific, since 
they are influenced by sociocultural factors and 
food availability. They can be characterized on the 
basis of a priori knowledge (hypothesis oriented 
approach) or by the use of data driven techniques 
(empirically derived dietary patterns), such as 
principal component factor analysis (PCA) derived 
from food frequency questionnaires (FFQs) [4]. 
To date, dietary patterns have been associated with 
biomarker concentrations and related to complex 
diseases, such as cardiovascular disease [5]. Dietary 
scores in pregnant women have been constructed 
in a variety of populations, including British [6], 
Spanish [7], Norwegian [8], and Japanese [9] 
populations. 

Several findings on the association between 
different maternal dietary patterns and pregnancy 
and infant outcomes have been recently described 
from large prospective pregnancy and birth cohorts 
population studies, such as the Danish National 
Birth Cohort (DNBC) and the Norwegian Mother 
and Child Cohort Study (MoBa) [10, 11]. During 
1996-2002, 101,042 pregnancies were recruited 
for the DNBC, and during 1999-2008, 108,000 
pregnancies were recruited for the MoBa [10]. 
Assessing nutritional exposures in pregnancy was 
a main priority in both cohorts, with approximately 
70,183 (74.2% of those who received a food 
frequency questionnaire [FFQ]) and 87,000 
(90.4%) of the pregnant women having completed 
a FFQ in DNBC and MoBa, respectively. The two 
cohorts comprise, to date, the largest prospective 
databases worldwide, holding extensive infor- 
mation on prenatal and early life exposures, in 
particular maternal diet, and pregnancy outcome 
and diseases in the offspring. Fig. 1 summarizes the 
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main results for the investigated dietary patterns of 
cohorts’ population studies.

Data derived from the MoBa cohort 
demonstrated that women with high scores on a 
pattern characterized by high intake of vegetables, 
plant foods, and vegetable oils were at decreased 
risk of preeclampsia, whereas a dietary pattern 
characterized by high consumption of processed 
meat, sweet drinks, and salty snacks increased the 
risk [12]. 

At the same time, another recent publication 
from the MoBa presented evidence that pregnant 
women who often eat organic vegetables have a 
lower risk of preeclampsia than women who rarely 
or never do (crude OR = 0.76, 95% CI 0.61 to 
0.96; adjusted OR = 0.79, 95% CI 0.62 to 0.99), 
even after adjusting for overall dietary quality [13]. 
Possible explanations for an association between 
preeclampsia and use of organic vegetables could 
be that organic vegetables may change the exposure 
to pesticides, secondary plant metabolites and may 
influence the composition of the gut microbiota.

The importance of maternal nutrition for health

Similarly, a great adherence to the New Nordic 
Diet, based on consumption of Nordic fruits, root 
vegetables, cabbages, potatoes, oatmeal porridge, 
whole grains, wild fish, game, berries, milk 
and water, was associated with a lower risk of 
developing preeclampsia and spontaneous preterm 
delivery among nulliparous women [14].

Moreover, it has been recently demonstrated that 
pregnant women from the same cohort, with high 
scores on the “prudent” dietary pattern (based on 
raw and cooked vegetables, salad, onion, garlic, fruit 
and berries, nuts, vegetable oils, water as beverage, 
whole grain cereals, poultry, and fiber rich bread) 
have a reduced risk of preterm delivery (0.88, 95% 
CI 0.80 to 0.97) [15].

Similarly, a recent study from the DNBC 
reported that Western-type diet, high in meat and 
fats and low in fruits and vegetables, is associated 
with increased odds of induced preterm birth [16].

Many studies have also specifically evaluated 
the importance of fish consumption for the 
prevention of preterm delivery and for other 

Figure 1. Maternal diet and pregnancy and infant outcome.
1Torjusen et al. 2014 [13], 2Brantsaeter et al., 2011 [91]; 3Hillesund et al., 2014 [14]; 4Brantsæter et al., 2012 [92]; 5Englund-Ogge et al., 
2014 [15]; 6Brantsæter et al., 2009 [12]; 7Vujkovic et al., 2009 [22]; 8Thompson et al., 2010 [21]; 9Rasmussen et al., 2014 [16]; 10Chatzi et 
al., 2013 [24]; 11Papadopoulou et al., 2013 [93]; 12Vejrup et al., 2014 [94].
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pregnancy outcomes [17]. Fish is of particular 
importance for the content in long-chain ω-3 
fatty acids like DHA. However, due to potential 
presence of contaminants such as mercury and 
dioxins, the advice is to eat fish on average 2 times 
per week avoiding fish with higher contaminant 
levels such as tuna and sword fish [18]. 

As regards to fetal and neonatal outcome, 
several studies found an association with different 
maternal dietary patterns. A study by Wolff 
conducted in Mexican American pregnant women 
found that an eating pattern characterized by fats, 
oils, breads, cereals, high fat meats, sugar, etc. was 
associated with decreased birthweight [19]. In line 
with these results, a study by Okubo conducted in 
the Japanese population and a study by Thompson 
conducted in New Zeland confirmed that adherence 
to a “traditional” diet, poor in confectioneries, soft 
drinks and junk food, decreased the risk of having 
a small for gestational age (SGA) infant [20, 21]. 
Moreover, a predominantly “Mediterranean” 
dietary pattern characterized by joint intakes of fruit, 
vegetables, vegetable oil, alcohol, fish, legumes and 
cereals and low intakes of potatoes and sweets has 
been associated with a decreased risk of spina bifida 
in the offspring. In this study, the Mediterranean 
dietary pattern was correlated with higher levels of 
serum folate, serum vitamin B12 and lower plasma 
homocysteine [22]. In addition, a healthy maternal 
dietary pattern has been recently associated to 
positive long-term effects, such as increased child 
bone mass [23], reduced child asthma [24] and 
pediatric tumors [25]. 

It is therefore well recognized that unhealthy 
maternal diet significantly contributes to impaired 
pregnancy and offspring outcomes. It is likely that 
dietary patterns with better micronutrient intakes 
(green leafy vegetables, fruits, whole-grain breads/
cereals, oily fish, eggs) positively influence placental 
development, thus decreasing the risk of developing 
pathologies related to abnormal placentation, such 
as preeclampsia and to an abnormal maternal-
placental interface, like premature delivery [1].

Unfortunately, most women do not get enough 
micronutrients in their diet during reproductive 
age, as well as during pregnancy, representing 
an important topic of public health not only in 
developing countries but also in industrialized 
countries where dietary patterns, typified by 
snacking, breakfast skipping, fast foods, soft 
drinks and convenience foods, are nutritionally 
unbalanced and fail to meet recommended daily 
allowance for micronutrients [26-28]. This situation 

is further exacerbated by the reduction of minerals, 
vitamins, and protein in fruits and vegetables due to 
environmental/dilution effects [29].

Maternal anthropometrics and nutritional status

Body mass index and gestational weight gain

Maternal body mass index (BMI) and ges- 
tational weight gain (GWG) represent the major 
determinants of maternal adaptation to incremental 
energy needs during pregnancy. Several findings 
support the evidence that anthropometric indicators 
of nutritional status, like maternal pre-pregnancy 
BMI and GWG, are critical predictors of maternal 
and fetal short- and long-term outcomes [30]. 
Optimizing pre-pregnancy BMI together with 
appropriate counseling during pregnancy to obtain 
adequate GWG, should be considered a priority 
by health care systems and providers, in order to 
reduce pregnancy and infant associated adverse 
outcomes [31, 32].

Data from the World Health Organization 
(WHO) Collaborative Study on Maternal 
Anthropometry and Pregnancy Outcomes on 
110,000 births from 20 different countries were 
used to define anthropometric indicators which are 
most predictive of fetal outcome (birthweight and 
preterm birth) and maternal outcome (preeclampsia, 
post partum hemorrhage and assisted delivery) 
[33]. Birthweights between 3,100 and 3,600 g 
(mean 3,300) g were associated with a lower risk 
of fetal and maternal complications. The range of 
GWG associated with birthweight > 3,000 g was 
10-14 (mean 12) kg. 

Because of the interaction between pre-
pregnancy BMI and GWG on pregnancy and 
fetal outcome, the Institute of Medicine (IOM) 
recommended different ranges of GWG for women 
with low, normal and high BMI [34]. Both high 
and low GWG have been associated with adverse 
pregnancy and fetal outcomes, even in women 
with a normal pre-pregnancy BMI. Evidence 
supports association between excessive GWG 
and increased birthweight, caesarean delivery rate 
and postpartum weight retention (with subsequent 
obesity and long-term comorbidity associated) 
[34]. On the other hand, many epidemiologic 
studies are consistent in showing a linear, direct 
relationship between lower GWG and decreased 
birthweight [35]. Relative risks for GWG and 
small for gestational age (SGA) appear to be higher 
among women with lower pre-pregnancy BMI. 
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Moreover, low GWG is moderately associated 
with failure to initiate breastfeeding [31, 34].

A recent study analyzed the effect of maternal 
anthropometrics on neonatal lean and fat mass, as 
well as possible sex-specific differences [36]. In 
male infants, but not in female, maternal height, 
body mass index and weight gain were significant 
predictors of both lean and fat mass, suggesting 
that the body composition and inflammatory 
environment of the mother modulate the 
metabolic fitness of neonates, as predicted by 
fat and lean mass. The only measured maternal 
factors that predicted female body composition 
were markers of inflammation (plasma C-reactive 
protein and interleukin-6). Maternal weight gain 
and pre-pregnancy anthropometrics were equally 
predictive of male fetal growth when placental 
weight and gestational age were accounted for 
[36]. This finding contradicts the idea that pre-
pregnancy nutrition is of greater importance than 
weight gain during pregnancy [37, 38]. Authors 
commented that both long- and short-term 
nutritional indicators are key influences on fetal 
fat, lean mass growth, and adiposity in a sex-
specific manner.

Maternal malnutrition

Maternal malnutrition can result, primarily, 
from a diet that does not allow an adequate caloric 
intake, resulting in undernutrition or overnutrion 
and secondary, but not least important, it may also 
follow from a diet based on poor quality nutrients 
with reduced amounts of micronutrients. Each of 
these conditions may have profound impact on 
pregnancy and infant outcomes [39].

Maternal undernutrition

Several animal studies examined the effects of 
restricting total caloric intake or reducing dietary 
protein content on feto-placental development. 
Maternal undernutrition may potentially alter 
fetal growth trajectory by modifying placental 
weight, surface and nutrient transfer capacity, 
depending on the severity of the nutritional 
challenge and on the time of deprivation, as 
documented by the Dutch famine during the 
Second World War. Undernutrition during mid 
or late gestation reduced placental length and 
area and was associated with smaller babies 
due to a reduced placental efficiency. Babies in 
early gestation during the famine, or conceived 

after the famine end, had higher birthweights 
suggesting increased placental efficiency due to 
compensatory mechanisms (increased placental 
mass, surface and transport) [40-42]. Moreover, 
exposure to undernutrition during any stage of 
gestation was associated with higher risk of later 
glucose intolerance. Interestingly, exposure only 
during early gestation increased risk of obesity, 
coronary heart disease, schizophrenia and 
depression [40], suggesting that early gestation is 
a pregnancy vulnerable period but also that pre- 
and peri-conceptional nutrition may have negative 
consequences for the offspring’s health, probably 
based on abnormal placentation occurring early 
in pregnancy. A recent study in an ovine model 
found that maternal undernutrition throughout 
pregnancy may have adverse effects on 
developing fetal appetitive pathways, increasing 
orexigenic gene expression in the late gestation 
fetal hypothalamus, contributing to programmed 
hyperphagia and obesity in intrauterine growth-
restricted, low birthweight offspring [43].

Furthermore, excessive exposure to endogenous 
glucocorticoids in utero, caused by maternal 
undernutrition, affects placental development 
and nutrient carriers expression determining 
intrauterine growth restriction (IUGR) [44]. In 
animal models, maternal undernutrition during 
peri-conceptional and gestational periods alters 
the insulin-like growth factor (IGF) system in the 
fetus leading to compromised fetal growth [45]. 
A meta-analysis by Imdad in 2012 reported that 
a balanced protein-energy supplementation is an 
effective intervention to reduce the risk of LBW 
and SGA births in undernourished women of 
developing countries [46].

In addition to these findings, pre-pregnancy 
underweight has been associated with increased 
risk of preterm birth, reported as an additional 
risk of 32% in a recent meta-analysis (RR 1.32, 
95% CI 1.22-1.43) [30, 47, 48]. 

Adolescent girls who are still growing at 
the time of conception represent a specific 
vulnerable group at higher risk of undernutrition 
during pregnancy. Animal studies have been 
conducted in ovine prevented from growing 
during pregnancy by relative underfeeding. It has 
been demonstrated that limiting maternal intake 
gradually depletes maternal body reserves leading 
to a lower transplacental glucose gradient and a 
modest slowing of fetal growth in late pregnancy. 
These changes appear to be independent of 
alterations in placental growth per se [49].

The importance of maternal nutrition for health
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Maternal overnutrition: overweight and obese women

With the “epidemic” increase of over-weight and 
obese women, overnutrition is emerging as a major 
health problem worldwide, with obesity affecting 
an estimated 500 million people [50, 51]. Among 
women of childbearing age, up to three in ten are 
obese [52, 53], defined as having a body mass index 
(BMI) greater than or equal to 30 kg/m2, 10% of 
whom meet the criteria for obesity class II (BMI: 
35-39.9 kg/m2) or III (BMI: ≥ 40 kg/m2) [53]. 

Pre-pregnancy obesity has been associated with 
both short- and long-term pregnancy complications 
for both mothers and offspring. Pre-pregnancy 
obesity has been linked to increased risk of 
hypertensive disorders of pregnancy [54, 55], 
gestational diabetes mellitus [56], as well as an 
entire spectrum of adverse pregnancy outcomes, 
including increased risk of caesarean delivery [57], 
poor lactation practices [58], obstetric anesthesia-
related complications, prolonged gestation, maternal 
infectious morbidity and decreased success with 
trial of labor [30]. In addition, maternal obesity is 
a cause for stillbirths, fetal and neonatal death [59, 
60], abnormal fetal growth with large for gestational 
age infants [61] or fetal growth restriction, preterm 
birth [62] and increased risk of a range of structural 
anomalies [63]. 

The placental to fetal weight ratio has been shown 
to be increased in obese pregnancies, suggesting that 
placentas of obese women are less efficient, with 
gender specific responses [64]. Similar changes in 
placental biometric parameters have been associated 
with increased risks of cardiovascular disease in 
later life [65]. More in detail, obesity induces a 
chronic, low-grade intrauterine inflammation with 
over-expression of maternal C-reactive protein 
determining a pathological fetal state, compromising 
placental function and metabolism and altering fetal 
growth and development [66, 67]. Interestingly, 
obese mothers who lose weight during pregnancy 
have an increased risk of SGA [68, 69]. This could 
be possibly explained by a number of mechanisms, 
such as ketosis resulting from the mobilization of 
white fat stores and partial oxidation of fatty acids 
in the liver, deficiencies of nutrients in the fetus 
because of increased utilization by maternal tissues, 
and elevations of cortisol that inhibit fetal protein 
synthesis.

As mentioned before, maternal obesity has also 
been associated with long-term health consequences 
for the offspring. Maternal obesity perpetuates the 
obesity epidemic, since children of obese women 

are more likely to be obese themselves and to 
suffer from chronic cardiovascular diseases [70, 71] 
starting from young age. More in detail, maternal 
obesity in early pregnancy has been associated with 
a four- and two-fold increased risk of childhood 
overweight and obesity [72], respectively, likely 
through genetic as well as pre- and postnatal 
environmental factors. Childhood overweight is 
a strong predictor of adult obesity [73]. Of note, 
overweight/obese women with normal glucose 
tolerance levels have neonates with increased fat 
mass compared to lean/average weight women [74]. 
Breastfeeding seems to reduce the magnitude of risk 
of being overweight during childhood in children 
from obese mothers [75]. The characterization of 
human breast milk and formula milk metabolome 
and, contextually, of neonate metabolism can 
synergistically contribute to assess how single 
nutrients influence the metabolic regulation in 
infant and to formulate dietary intervention aimed 
at meeting the needs of newborn [76]. A recent 
study supported the hypothesis that the combination 
of maternal obesity in early pregnancy and high 
protein intake in infant formula feeding might 
predispose to obesity risk in later life [77]. Authors 
conducted metabolomics analysis on infants’s stool 
and urine of obese women finding that formula-fed 
infants were metabolically different from breast-fed 
infants, at the level of lipid and energy metabolism 
(carnitines, ketone bodies, and Krebs cycle) [77]. 

Minimizing the overall risks associated with 
maternal obesity represents a public health priority. 
Given that weight is a modifiable risk factor, research 
should be directed on how healthcare interventions 
and public health campaigns can reduce these risks.

Micronutrients deficiency: maternal poor quality nutrition

A healthy diet must be balanced not only in 
terms of macronutrients content (intake of proteins, 
carbohydrates and fats), but also in terms of 
micronutrients intake (vitamins and mineral), for 
which we may more easily incur into deficiencies 
or inadequacies.

Imbalances of micronutrients before and during 
pregnancy can negatively influence both mother 
and fetus with significantly high reproductive risks, 
ranging from infertility to fetal structural defects, 
abnormal fetal development and growth and long-
term diseases [26, 78, 79].

On the other side, healthy dietary patterns 
and micronutrients supplementation, particularly 
during the peri-conceptional period, are related 
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to improved birth outcomes, probably through 
alterations in maternal and fetal metabolism due to 
micronutrients role/involvement in enzymes, signal 
transduction, transcription pathways, oxidative 
stress and epigenetic modifications [26]. Since 
different pregnancy stages represent a continuum, 
from the pre-conception to the post-partum period, 
an injury acting before conception or in early 
pregnancy may have long-lasting effects on the 
well-being of the mother and the fetus, and may 
further influence the health of the baby at a later 
age, by programming postnatal pathophysiology. 
Each stage of fetal development is dependent on and 
influenced by appropriate maternal nutrient supply; 
the timing of nutritional insults impacts differently 
on the nature of adult diseases. The period from 
conception to implantation is particularly important 
for fetal growth and development [26, 80].

Undernourished women are at particular risk of 
micronutrient deficiency. Nevertheless, inadequacy 
of micronutrients intake is also typical of obese 
“western” diets, poor of vegetables and fruit. Indeed, 
over-nourished women are often mal-nourished, 
with macro- and/or micronutrients imbalances 
potentially affecting fetal growth [81]. Recent 
studies demonstrate that obese women transfer less 
25-hydroxyvitamin D (25-OH-D) to the fetus than 
normal-weight women (with cord blood 25-OH-D 
levels directly correlating to neonatal percentage 
body fat) [82] and present lower maternal serum 
folate concentrations which is a rate-limiting factor 
for placental folate transport to the fetus [83]. 

Healthy diet and supplementation needs

Several studies support the evidence that the 
frequency and severity of pregnancy complications 
may be reduced through an improvement in the 
macro- and, especially, micronutrient status of the 
mothers.

The optimal mode of meeting recommended 
micronutrient intakes is to ensure consumption of a 
balanced diet that is adequate in every nutrient [28, 
84]. Unfortunately, this is far from being achievable 
everywhere, since it requires universal access to 
adequate food and appropriate dietary habits. 

Worldwide micronutrient intakes do not 
fit pregnancy requirements, so that their 
supplementation is recommended from the 
beginning of pregnancy in most of the low- 
and middle-income countries in order to avoid 
deficiencies and adverse pregnancy outcomes. A 
recent meta-analysis of 21 randomized controlled 

trials on the effects of multiple supplementation 
on pregnancy outcome found that, in low-/middle-
income countries, women who received multiple 
supplements had a significant reduction in the 
risk of SGA offspring compared with women who 
received iron/folate supplements alone (RR 0.87, 
95% CI 0.81-0.95) [85].

However, contrary to previous thinking, 
micronutrient malnutrition is not uniquely a 
concern of low-income countries [86]. Despite the 
availability of economic and nutritional resources, 
in the last decades the switch to a high-fat and low-
quality diet, together with smoking habits, stress, 
as well as infectious and genetic factors, has lead 
to a low micronutrient intake and to nutritional 
deficiencies even in developed countries, as 
documented by recent studies. 

In a recent meta-analysis of 62 studies (n = 
108,733 subjects), Blumfield et al. [27] analyzed 
micronutrient intakes in pregnant women in the 
USA (19 studies, n = 5,994), Canada (2 studies, 
n = 95), the UK (16 studies, n = 15,404), Europe 
(16 studies, n = 85,071), Australia (2 studies, n = 
632), New Zealand (2 studies, n = 291) and Japan 
(5 studies, n = 1,249). Data from this study revealed 
folate, iron and vitamin D intakes consistently 
below national nutrient recommendations in each 
geographical region, while calcium intakes were 
below the national recommendation in all countries 
studied with the exception of Europe. In particular, 
despite folate recommendations varying across 
geographical regions, average folate intakes in 
all regions were between 13% and 63% lower 
than recommendations. Similarly, iron intakes 
reported by pregnant women were below nutrient 
recommendations in almost all developed regions. 
The importance of iron and folate intakes has also 
been well recognized in recent evaluations of the 
EU EURRECA project [87, 88].

In the light of this, supplementation and/or 
fortification can make a contribution when the 
high demands for fetal growth and development 
are difficult to be met through food alone. In 
general, studies show that multiple micronutrients 
supplementation improves outcomes as far as low 
birthweight, preterm delivery and preeclampsia. A 
recent Danish study showed a significant reduction 
of SGA infants in multivitamin users, with the 
strongest association in regular users from 12 weeks 
during the peri-conceptional period [89].

Given the high prevalence of multiple 
micronutrient deficiencies in low-to-middle-
income countries, the challenge is to implement 

The importance of maternal nutrition for health
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intervention strategies that combine appropriate 
maternal and child health interventions (education, 
dietary modification, food provision, agricultural 
interventions) with micronutrient interventions [84].

As regards to developed countries, currently 
there is insufficient evidence to support routine 
supplementation at the population level, except 
for peri-conceptional folate supplementation. 
In the USA, the IOM and the Center for Disease 
Control and Prevention (CDC) recommend 
multivitamin supplements for pregnant women who 
do not consume an adequate diet [90]. Nutritional 
counseling for women of reproductive age should 
be a public health priority. Many women are still 
unaware of how much their nutritional status 
impacts their pregnancy and infant outcomes, and 
improving women’s nutrition and weight-related 
behaviors should therefore begin during their earlier 
reproductive years. Dietary recommendations for 
women of childbearing age should promote greater 
consumption of green leafy vegetables, whole-grain 
breads/cereals, oily fish, eggs, and fortified food 
products. Furthermore each woman, who does not 
avoid a pregnancy, should be advised to use folic 
acid supplements during the peri-conceptional 
period.

In addition, in order to avoid nutritional 
deficiencies and to encourage women to establish 
healthful dietary practices prior to conception, an 
individualized approach should be considered for 
each woman, taking into account the phenotypic, 
genotypic and metabolic differences among 
individuals of the same population.

In general, there is growing interest in multiple 
micronutrient supplementation in “at-risk” popu- 
lations in whom multiple deficiencies often coexist. 
The recognition of these particular subgroups of 
population (e.g. low socioeconomic status, obesity, 
previous bariatric surgery, underweight, heavy 
smokers, substance abusers, adolescence, short 
inter-pregnancy interval, vegetarian or vegan diet, 
multiple gestation, celiac disease and specific 
pregnancy risks) is of paramount importance, in 
order to early detect inadequate intakes, promote 
healthful dietary practices prior to conception and 
eventually individualize supplementation based on 
specific needs. 

Conclusions

Evidence derived from studies investigating both 
macro- and micronutrients intake, clearly suggests 
that maternal nutrition is able to influence individual 

health even before birth. A healthy maternal 
dietary pattern, during the peri-conceptional period 
and throughout pregnancy, reduces the risk of 
maternal and infant complications, as well as long-
life consequences. Dietary patterns with better 
micronutrient intakes (green leafy vegetables, fruits, 
whole-grain breads/cereals, oily fish etc.) positively 
influence the formation of a normal placenta at 
the beginning of pregnancy, fundamental later on 
in the developing fetus, thus decreasing the risk 
preeclampsia, premature delivery and abnormal 
fetal growth. While undernutrition is mainly an 
issue of developing countries, malnutrition, due to 
poor quality diet, is becoming a global problem. 

Spreading the awareness of the importance of 
maternal nutrition before and during pregnancy and 
stimulating a cultural change in favor of a balanced 
healthy diet and high-quality foods consumption, is 
necessary for improving future global health.
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