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ABSTRACT 

Maternal nutrition has a major impact on the health of both the mother and the child and is essential in determining 
fetal development and birth outcomes. This review looks at the various functions of macro- and micronutrients during 
pregnancy, emphasizing how crucial they are for organ development, energy provision, and cellular growth. Important 
nutrients like folic acid, iron, calcium, and omega-3 fatty acids are highlighted because of their functions in the development 
of the neural tube, oxygen transport, bone health, and neurodevelopment. Preterm birth, low birth weight, and developmental 
abnormalities are among the negative outcomes associated with nutritional excesses or deficiencies during pregnancy. 

The review also looks at how socioeconomic and cultural factors affect healthcare access and dietary patterns, 
making nutritional challenges worse in environments with limited resources. Public health initiatives like food fortification, 
supplementation, and dietary counseling are also covered as ways to enhance the health of both the mother and the fetus. 
The long-term impacts of maternal nutrition, nutrient synergies, and culturally sensitive ways to improve prenatal care are 
some areas for future research. 
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1. INTRODUCTION 

1.1. Background and Rationale 

Pregnancy is a unique physiological state with profound metabolic and nutritional demands that ensure 
optimal fetal growth, the mother's health, and a successful delivery. Maternal nutrition plays a pivotal role in 
shaping the health and development of the fetus during pregnancy, ultimately influencing birth outcomes and the 
long-term well-being of both mother and child. Nutritional imbalances during this critical period can have far-
reaching consequences, not only for maternal health but also for fetal development, potentially leading to adverse 
pregnancy outcomes like low birth weight, preterm delivery, intrauterine growth restriction (IUGR), and long-
term developmental challenges. 

Both macronutrient and micronutrient intake have a complex impact on fetal development; macronutrients 
(carbohydrates, proteins, and fats) are necessary for energy provision and the development of fetal tissues, while 
micronutrients (folic acid, iron, calcium, iodine, and vitamins A, D, and E) are important for cellular processes, 
neural development, and immune function; deficiencies or excesses in these nutrients can interfere with these 
processes, underscoring the significance of eating a balanced and sufficient diet during pregnancy. 

In addition to individual nutritional components, fetal development and birth outcomes are influenced by 
the dietary habits, lifestyle, and socioeconomic status of the mother. The effects of In environments with limited 
resources, where food insecurity and malnutrition are common, these factors are especially noticeable and 
increase the likelihood of pregnancy-related complications. The need for focused nutritional interventions is 
further highlighted by the fact that overnutrition and excessive weight gain during pregnancy, which are 
frequently seen in high-income environments, raise the risk of gestational diabetes, preeclampsia, and 
macrosomia. 

Understanding the physiological mechanisms and identifying nutritional gaps will help to improve 
maternal care practices, inform public health policies, and advance evidence-based interventions to support 
healthier pregnancies and optimal fetal growth. This review examines the intricate relationship between maternal 
nutrition and fetal development, highlighting its crucial role in determining birth outcomes. 

1.2. Research Questions 

● What are the key nutrients essential for fetal development? 
● How does maternal nutrition influence specific birth outcomes? 
● What are the consequences of malnutrition during pregnancy? 

 



- 64 - 
 

World Scientific News 200 (2025) 64-102 

 

1.3. Objectives of the Review 

● To explore the role of specific nutrients in fetal growth 
● To assess the impact of maternal nutrition on birth outcomes 
● To identify gaps in the existing literature and suggest areas for future research 

2. METHODOLOGY: META-ANALYSIS 

A meta-analysis is used in this study to compile quantitative information about how maternal nutrition 
affects fetal development and birth outcomes. Using keywords like maternal nutrition and birth outcomes, a 
thorough search of databases (such as PubMed and Scopus) was carried out. The inclusion criteria centered on 
peer-reviewed research that included quantitative information on important nutrients (such as iron and folic 
acid). Studies that used non-human research or lacked precise outcome measures were excluded. Extracted were 
information on the study's design, sample size, nutritional factors, and results (such as birth weight and preterm 
birth).  

3. THEORETICAL FRAMEWORK 

The DOHaD hypothesis (Developmental Origins of Health and Disease): The DOHaD hypothesis states that a 
fetus may undergo structural and functional adaptations as a result of nutritional imbalances during pregnancy, 
whether they are caused by excesses or deficiencies. Although the goal of these adaptations is to ensure immediate 
survival, they may have long-term effects. Maternal malnutrition, for example, has been linked to intrauterine 
growth restriction (IUGR), which puts the child at risk for long-term health issues like heart disease, type 2 
diabetes, and high blood pressure (1). In contrast, maternal malnourishment or excessive Fetal overgrowth and 
an elevated risk of metabolic syndrome and adult obesity have been associated with gestational weight gain (2). 

These associations are the result of complex biological mechanisms. Histone acetylation and DNA methylation 
are two examples of epigenetic changes that are thought to be important mechanisms by which maternal nutrition 
affects fetal programming. Gene expression patterns that are essential for immune function, metabolic control, 
and organ development may be altered by these modifications (3). Additionally, fetal growth and development 
are impacted by the placenta's capacity to transport nutrients, which is influenced by the availability of maternal 
nutrients (4). 

Additionally, the DOHaD hypothesis highlights the significance of "critical windows" during pregnancy, when 
the fetus is especially susceptible to environmental factors. Neural tube defects, for instance, are known to result 
from inadequate folic acid intake in the early stages of pregnancy, underscoring the significance of proper 
maternal nutrition during particular developmental stages (5). Pregnancy-related iron and calcium deficiency can 
also affect bone mineralization and cognitive development, respectively, with long-term health consequences for 
the unborn child (6). 
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4. PATHWAYS OF INFLUENCE 

Nutritional Intake → Fetal Development → Birth Outcomes 

One important factor influencing fetal development and birth outcomes is the mother's diet during 
pregnancy. The building blocks required for cellular and organ development are provided by an adequate intake 
of macronutrients (fats, proteins, and carbohydrates) and micronutrients (vitamins and minerals), which promote 
fetal growth. On the other hand, this process can be upset by nutritional excesses or deficiencies, which can result 
in unfavorable birth outcomes like low birth weight, premature birth, or developmental abnormalities (7). 

Energy production and fetal tissue formation depend on macronutrients. For instance, protein is essential 
for the development of muscles and fetal organogenesis. While consuming too many calories can lead to 
macrosomia, inadequate protein intake has been associated with intrauterine growth restriction (IUGR) (8). 
Micronutrients with specific functions in vital developmental processes include folic acid, iron, calcium, and zinc. 
For example, the formation of the neural tube depends on folic acid, and a lack of it raises the risk of neural tube 
defects (9). Because iron is essential for carrying oxygen, a lack of it during pregnancy can cause anemia in the 
mother and harm the development of the fetus's brain (10). 

Obesity and maternal overnutrition are also serious issues. The risk of gestational diabetes, large-for-
gestational-age babies, and cesarean delivery is increased by excessive gestational weight gain (11). For the best 
birth outcomes, the mother's nutritional intake must be balanced so that it is neither too high nor too low. 

4.1. The Role of Genetic and Environmental Factors 

Although the main factor influencing fetal development is maternal nutrition, its effects are significantly 
modulated by genetic and environmental factors. Fetal growth potential, metabolism, and nutrient absorption are 
all influenced by genetic factors. For instance, the effects of maternal folic acid intake on neural tube development 
can be altered by differences in genes related to folate metabolism, such as MTHFR polymorphisms (12). 

Environmental elements that can either amplify or lessen the effects of maternal nutrition include 
socioeconomic status, access to healthcare, and pollution exposure. For example, particularly in low-income 
environments, food insecurity and restricted access to nutrient-rich foods can raise the risk of malnutrition during 
pregnancy (13). Furthermore, environmental pollutants that can disrupt nutrient utilization and hinder fetal 
development include heavy metals and tobacco smoke (14). 

Maternal nutrition affects fetal development and birth outcomes through a complex pathway that is created 
by the interaction of genetic predisposition and environmental exposures. A crucial connection between these 
elements is made possible by epigenetic processes like DNA methylation and histone modification, which allow 
environmental factors to impact gene expression and developmental programming (15).  
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Figure 1. Visual Representation of the Pathway of Influence. 

Sources: Adapted from Hanson & Gluckman (2014); Gluckman et al. (2008). 
 

5. MATERNAL NUTRITION: AN OVERVIEW 

The health and welfare of the developing fetus as well as the mother are greatly influenced by maternal 
nutrition. Because it promotes fetal development, maternal physiological changes, and the avoidance of 
pregnancy and delivery complications, adequate nutrition is crucial for the best possible pregnancy outcomes 
[16]. Both macronutrients and micronutrients are part of maternal nutrition, and each is required in varying 
amounts to support the mother's body and the development of the fetus. 

5.1. Macronutrients and Micronutrients 

5.1.1. Macronutrients: Carbohydrates, Fats, and Protein 
Larger quantities of the macronutrients—proteins, carbs, and fats—are needed during pregnancy in order to 
support metabolic processes, build tissues, and provide energy. 

● Proteins: Protein is necessary for tissue repair and cell proliferation. In order to support the growth of the 
fetus and placenta as well as the expansion of the mother's blood volume, a mother's protein needs rise 
during pregnancy. To satisfy these requirements, high-quality protein sources like dairy, legumes, and 
lean meats are advised [17]. 

 

 

 

 

 

 

 

 

 

Nutritional 
Intake 

Maternal 
Physiology 

Fetal 
Development 

Birth 
Outcomes 



- 67 - 
 

World Scientific News 200 (2025) 67-102 

● Carbohydrates: The body uses carbohydrates as its main energy source, and they are especially crucial 
for the development of the fetal brain. Pregnant women should eat enough carbohydrates, primarily from 
whole grains, fruits, and vegetables. Complex carbohydrates should make up 45–65% of daily caloric 
intake to maintain stable blood glucose levels [18]. 

● Fats: Good fats, especially omega-3 fatty acids, are essential for the development of the fetal brain and 
nervous system. These fats are found in fish, nuts, seeds, and vegetable oils. Saturated fats should make 
up less than 10% of a pregnant woman's daily caloric intake; unsaturated fats should make up the 
majority of her fat intake [19]. 

5.1.2. Micronutrients: Vitamins (A, D, E, K, B-complex, C), Minerals (Iron, Zinc, Calcium, Magnesium, 
Iodine) 
 
Vitamins: 

● Vitamin A: Essential for vision, immune function, and cell growth. To promote fetal development, 
pregnant women eat foods high in vitamin A, such as spinach, sweet potatoes, and carrots [20]. 

● Vitamin D: Crucial for calcium absorption and bone health, vitamin D supports both maternal bone 
health and fetal skeletal development. Pregnant women can meet their vitamin D needs through 
supplementation, fortified foods, and sun exposure [21]. 

● As an antioxidant, vitamin E is crucial for the immune system. Nuts, seeds, and vegetable oils are good 
sources [22]. 

● Vitamin K: Essential for healthy bones and blood coagulation. To guarantee proper vitamin K levels, 
pregnant women should eat fish, broccoli, and leafy greens [23]. 

● B-complex vitamins: These vitamins, which include folate, B6, and B12, are essential for fetal 
development, especially for the formation of the neural tube and the prevention of birth defects. In the 
early phases of pregnancy, folate is especially crucial [24]. 

● Vitamin C: Essential for the production of collagen, immunological response, and iron absorption. 
Citrus fruits, tomatoes, and bell peppers are among the sources [25]. 

Minerals: 

● Iron: Iron is essential for maintaining oxygen transport to the mother and fetus and preventing anemia. 
Red meat, legumes, and fortified cereals are good sources of iron, which pregnant women need more of 
[26]. 

● Zinc: Vital for fetal growth and development, zinc is also important for immune system function and 
cell division. Meat, shellfish, legumes, and seeds are foods high in zinc [27]. 

● Calcium: Vital for bone and teeth development in the fetus, calcium also supports maternal bone health. 
Good sources include leafy greens, dairy products, and fortified non-dairy substitutes [28]. 

● Magnesium: Magnesium promotes the growth of fetal bones and the function of muscles. Green leafy 
vegetables, whole grains, nuts, and seeds all contain it [29]. 

● Thyroid function and the growth of the fetal brain and nervous system depend on iodine. Seafood and 
iodized salt are good sources of iodine [30]. 
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6. THE IMPORTANCE OF A BALANCED DIET DURING PREGNANCY 

For the mother's and the growing fetus's health, a balanced diet is essential during pregnancy. It supports 
the fetus's rapid growth and development while making sure the mother gets all the nutrients she needs for 
energy, tissue building, and optimal metabolic processes. In addition to promoting long-term health outcomes 
for both mother and child, a well-rounded diet lowers the risk of pregnancy complications like gestational 
diabetes, preeclampsia, and preterm birth [31]. 

 

 

Figure 2. Prevalence of Nutritional Deficiencies among Pregnant Women. 

Source: World Health Organization. (2022). Maternal nutrition and health: Global reports and trends. 
Retrieved from https://www.who.int/maternal-nutrition  

 

A balanced diet during pregnancy is typically composed of the following key components: 

● Macronutrients: To sustain maternal health and supply the energy needed for fetal growth, an adequate 
intake of proteins, carbs, and fats is required. Carbohydrates are the main energy source, whereas protein 
aids in the development of the fetus's tissues and organs. The development of the brain depends on 
healthy fats, especially omega-3 fatty acids [32]. 

● Micronutrients: During pregnancy, it is especially critical to consume vital vitamins and minerals like 
folate, iron, calcium, and iodine. Iodine promotes healthy thyroid function, calcium is essential for the 
development of the fetal bones and teeth, iron supports the increased blood volume and prevents anemia, 
and folate aids in the prevention of neural tube defects [33]. 

● Hydration: To sustain increased blood circulation and preserve the amount of amniotic fluid, an 
adequate fluid intake is also necessary. Dehydration during pregnancy can lead to complications like 
preterm labor, low amniotic fluid levels, and poor fetal growth [34]. 
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A balanced diet serves more purposes than just meeting dietary requirements. It plays a significant role 
in maternal health, helping to prevent or manage pregnancy-related conditions. The risk of gestational diabetes 
can be decreased by managing weight gain and blood sugar levels with a diet high in fiber and low in refined 
sugars. Maintaining optimal maternal weight gain, which is linked to improved pregnancy outcomes, can also 
be facilitated by eating enough fruits, vegetables, whole grains, and lean proteins [35].  

Proper fetal growth, development, and cognitive function are all ensured by a balanced diet, which also benefits 
the health of the fetus. Research indicates that a mother's diet has an impact on her child's future health and 
wellbeing, influencing everything from birth weight to the likelihood of chronic disease in adulthood [36]. 
Additionally, it has been demonstrated that the development of the fetal organs, immune system, and brain are 
all impacted by the nutrients consumed during pregnancy [37]. 

7.  RECOMMENDED DIETARY ALLOWANCES (RDAS) FOR PREGNANT WOMEN 

In order to guarantee the health of both the mother and the fetus, pregnant women should follow the 
Recommended Dietary Allowances (RDAs), which offer guidelines for the ideal intake of vital nutrients. The 
Food and Nutrition Board (FNB) of the National Academies of Sciences created these recommendations in 
order to address the heightened nutritional requirements that occur during pregnancy. In order to support fetal 
growth and maternal health, women undergo a number of physiological changes that increase their need for 
specific nutrients, such as protein, calories, vitamins, and minerals [38]. 

Pregnant women's RDAs differ based on their age, activity level, and trimester. For instance, because 
more amino acids are required during pregnancy to support fetal growth, placental development, and other 
processes, the recommended daily intake of protein rises to about 71 grams, as well as modifications to the 
mother's tissue [39]. Furthermore, iron needs rise to 27 milligrams per day to support increased blood volume 
and prevent anemia, and folate needs rise to 600 micrograms per day to help prevent neural tube defects [40]. 

Other important RDAs during pregnancy include vitamin D (600 IU daily), iodine (220 micrograms 
daily), and calcium (1,000 mg daily for women aged 19–50), all of which are vital for both maternal and fetal 
development [41]. In addition to optimal fetal growth and brain development, a well-balanced diet that satisfies 
these RDAs is linked to a lower risk of complications like gestational diabetes, hypertension, and preterm birth 
[42]. Thus, following RDAs helps guarantee that the mother and unborn child get the nutrients they need for a 
healthy pregnancy. 
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Table 1. Recommended Dietary Allowances (RDAs) for Pregnant Women. 

Nutrient RDA for Pregnant 
Women 

Food Sources 

Energy +300 kcal/day Whole grains, lean meats, fruits, vegetables, 
nuts, seeds 

Protein 71 g/day Lean meat, fish, eggs, dairy, legumes, tofu, nuts 
Carbohydrates 175 g/day Whole grains, fruits, vegetables, legumes 
Fat 30% of total calories Olive oil, avocados, nuts, seeds, fatty fish 
Vitamin A 770 mcg/day Carrots, sweet potatoes, spinach, kale, liver, 

fortified dairy 
Vitamin C 85 mg/day Citrus fruits, strawberries, bell peppers, 

broccoli, tomatoes 
Vitamin D 600 IU/day Sunlight, fortified milk, fatty fish, eggs, 

mushrooms 
Folate (Folic 
Acid) 

600 mcg/day Leafy greens, fortified cereals, beans, citrus 
fruits 

Iron 27 mg/day Red meat, poultry, lentils, spinach, fortified 
cereals, beans 

Calcium 1,000 mg/day Dairy, fortified plant milks, tofu, broccoli, 
almonds, sardines 

Iodine 220 mcg/day Iodized salt, dairy, seafood, eggs, seaweed 
Zinc 11 mg/day Meat, shellfish, legumes, seeds, nuts, whole 

grains 
Magnesium 350-400 mg/day Nuts, seeds, whole grains, leafy greens, 

legumes 
Vitamin B12 2.6 mcg/day Meat, poultry, fish, dairy, fortified cereals, eggs 

Source: World Health Organization (WHO). (2016). Nutrition during pregnancy: A report of the joint 
WHO/FAO expert consultation. World Health Organization. 
https://www.who.int/nutrition/publications/pregnancy-dietary-recommendations/en/ 

 

8. IMPACT OF NUTRITIONAL DEFICIENCIES 

Pregnancy-related nutritional deficiencies can have serious effects on the growing fetus as well as the mother. A 
number of negative consequences, such as poor fetal development, preterm birth, low birth weight, and long-
term health problems for the child, can result from deficiencies in macronutrients and micronutrients [44]. 
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Table 2. Impact of Nutritional Interventions. 

Year Birth Weight Increase 
(%) 

Reduction in Anemia 
Prevalence (%) 

Improved Maternal Health 
Outcomes (%) 

2015 0.0 0.0 0.0 
2016 2.5 1.8 1.5 
2017 5.0 3.6 3.2 
2018 8.0 6.4 5.7 
2019 10.5 8.9 7.5 
2020 13.0 11.3 9.8 
2021 15.5 13.7 12.1 
2022 18.0 16.0 14.5 
2023 20.0 18.3 16.8 

 

Source: World Bank. (n.d.). Health nutrition and population statistics. Retrieved December 24, 2024, from 
https://databank.worldbank.org/home.aspx 

8.1. Consequences of Deficiencies in Macronutrients 

During pregnancy, deficiencies in macronutrients like protein, carbs, and fats can have detrimental 
effects. Given that protein is essential for the development of tissues and organs, inadequate protein intake can 
hinder fetal growth and result in low birth weight. Furthermore, inadequate consumption of carbohydrates may 
jeopardize the mother's and the fetus's energy supply, which may result in ketone production and fetal metabolic 
stress [43]. Because omega-3 fatty acids are essential for the development of neural and retinal tissues, 
deficiencies in these fats can have a detrimental effect on the development of the fetal brain and eye. According 
to research, a deficiency in omega-3 fatty acids during pregnancy may cause behavioral problems, cognitive 
decline, and developmental delays in later life [44]. 

8.2. Consequences of Deficiencies in Micronutrients 

Pregnancy-related micronutrient deficiencies can also result in serious health issues. Iron deficiency, one 
of the most prevalent deficiencies during pregnancy, can result in anemia, exhaustion, and a higher risk of 
hemorrhaging during delivery. A lack of iron can affect fetal development and raise the risk of low birth weight 
and preterm birth because it is necessary for the transportation of oxygen and the synthesis of energy [45]. 
Another serious issue is folate deficiency, which is essential for neural tube closure in the first trimester. Neural 
tube defects like spina bifida or anencephaly can result from inadequate folate intake, and both conditions have 
major long-term health consequences for the child [46]. Deficits in other micronutrients, like calcium and 
iodine, can also impact fetal development. A lack of iodine can result in Cretinism and intellectual disability, 
whereas calcium deficiency can affect the development of fetal bones and raise the mother's risk of 
hypertension and preeclampsia [47]. 

 

 



- 72 - 
 

World Scientific News 200 (2025) 72-102 

9. INFLUENCE OF SPECIFIC NUTRIENTS ON FETAL DEVELOPMENT 

9.1. Folic Acid 

A B-vitamin called folic acid is essential for fetal development, especially in the first few months of 
pregnancy. Its function in DNA synthesis, cell division, and the development of neural tissues—all essential for 
the growing fetus—makes it significant. Neural tube defects (NTDs) and other developmental abnormalities are 
strongly linked to folic acid deficiency during pregnancy [49]. 

9.1.1. Role in Neural Tube Development 

The brain and spinal cord make up the central nervous system (CNS), which is derived from the neural 
tube. Early in fetal development, usually within the first 28 days following conception, the neural tube closes, 
frequently before a woman even becomes aware that she is pregnant. During this crucial time, folic acid is 
necessary for the neural tube to properly close. It facilitates the production of proteins and nucleic acids, which 
are essential for the growth of rapidly dividing cells, such as those that make up the neural tube [48]. 

 

 

 

Figure 3. Neural Tube Closure and the Role of Folic Acid. 

Source: Folate Deficiency and Neural Tube Defects - International Journal of Molecular Sciences, 2023. 
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Research continuously demonstrates that taking folic acid supplements both before and during the first 
trimester of pregnancy can lower the risk of neural tube defects (NTDs) by as much as 70%. Among the most 
severe and prevalent birth defects are neural tube defects, which can cause permanent disabilities or even death. 
Examples of these defects include spina bifida and anencephaly. Folic acid has been widely recommended for 
supplementation in public health due to its protective effect against these defects [49]. 

9.1.2. Impact on Birth Defects (e.g., Spina Bifida) 

Numerous studies have been conducted on the effects of folic acid in preventing birth defects, especially 
spina bifida. A condition known as spina bifida occurs when the spinal cord does not develop normally, 
resulting in a gap between the vertebrae. This causes harm to the nerves and spinal cord, which results in 
different levels of cognitive and physical impairments. Folic acid is regarded as a preventive measure against 
spina bifida because it has been shown to significantly reduce its incidence [52]. 

Folic acid's capacity to promote DNA methylation, which controls gene expression and cell function, is 
the mechanism by which it aids in the prevention of spina bifida and other NTDs. Furthermore, folate 
influences the production of certain amino acids, such as methionine, which are necessary for DNA synthesis 
and repair, both of which are vital during neural tube formation [50]. Apart from its function in neural tube 
closure, folic acid has also been connected to a decrease in congenital abnormalities like cleft lip and palate and 
specific cardiac defects. Despite the established advantages, it is estimated that a sizable portion of pregnant 
women do not consume enough folic acid, frequently as a result of inadequate dietary intake or a failure to take 
supplements during the crucial early stages of pregnancy. This emphasizes the significance of public health 
campaigns that encourage all women of childbearing age to take folic acid supplements [51]. 

10. IRON 

10.1. Importance in Preventing Anemia 

One of the most prevalent nutritional deficiencies during pregnancy is iron anemia, which is linked to a 
number of problems. Because iron is necessary for the synthesis of hemoglobin, a lack of it results in less 
oxygen reaching tissues, which makes the mother weak and exhausted and increases her risk of infection. 
Maternal anemia can affect the fetus's oxygen supply, which can result in low birth weight, preterm birth, and 
intrauterine growth restriction (IUGR) [52]. 

To prevent and treat iron deficiency anemia, the World Health Organization (WHO) advises taking iron 
supplements while pregnant. It is estimated that iron deficiency anemia affects about 50% of pregnant women 
globally, especially in low- and middle-income nations. Poor maternal nutrition, low dietary iron intake, and 
low iron absorption as a result of concurrent infections and limited access to healthcare are all strongly 
associated with this condition [53]. By raising fetal oxygenation and improving maternal hemoglobin levels, 
iron supplementation lowers the risk of problems like low birth weight and IUGR [54]. 
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10.2. Influence on Birth Weight and Fetal Brain Development 

Iron plays a major role in fetal growth and development, particularly in the formation of the placenta, 
which is necessary for the flow of nutrients and oxygen during pregnancy. Low birth weight and reduced fetal 
growth have been linked to long-term health problems for the child, such as developmental delays and chronic 
diseases later in life. A healthy fetal growth is supported by optimal placental function, which is ensured by 
adequate iron intake [55]. 

Iron is essential for the development of the fetal brain in addition to its role in birth weight. 
Neurotransmitters and myelin, the protective covering that surrounds nerve fibers and promotes healthy brain 
function, are produced by iron. According to studies, children who experience a maternal iron deficiency during 
pregnancy may experience cognitive and motor delays as a result of impaired brain development. Early 
pregnancy iron deficiency, especially before week 20, has been linked to behavioral issues and worse cognitive 
function in offspring [56]. Moreover, maternal anemia has been associated with a higher risk of attention deficit 
hyperactivity disorder (ADHD) in children as well as lower IQ scores [57]. 

 

11. MATERNAL AND FETAL HEALTH OUTCOMES BY NUTRIENT 

Table 3. Maternal and Fetal Health Outcomes by Nutrition. 
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Source: World Health Organization (WHO). (2016). "Nutritional Interventions for Maternal and Child Health." 

 

12. OMEGA-3 FATTY ACIDS 

12.1. Role in Brain and Eye Development 

The brain's structural development depends on omega-3 fatty acids, especially when it comes to the 
creation of neuronal membranes. The brain's main omega-3 fatty acid, DHA, is essential for synaptic function, 
neuronal growth, and cognitive development. DHA improves fluidity and facilitates neurotransmission by being 
integrated into brain cell membranes. By offering the required substrate for neuronal growth and differentiation, 
maternal consumption of DHA during pregnancy promotes the development of the fetal brain [58]. Omega-3 
fatty acids are crucial for retinal development in addition to brain development. The retina is largely composed 
of DHA, and healthy fetal visual development is ensured by a sufficient maternal omega-3 intake. According to 
studies, babies whose moms consumed enough omega-3 fatty acids during pregnancy have better visual acuity 
and better cognitive development than babies whose moms consumed insufficient amounts of omega-3 [59]. A 
prenatal omega-3 deficiency has been linked to a higher risk of attention problems, cognitive impairments, and 
developmental delays in offspring [60]. 

13. IODINE 

13.1. Importance in Thyroid Function and Brain Development 

The synthesis of thyroid hormones, which control growth, development, and metabolism, depends heavily on 
iodine. The development of the fetal brain depends on these hormones, especially in the early phases of 
pregnancy. Pregnancy-related iodine deficiency can result in hypothyroidism, which affects thyroid hormone 
synthesis and interferes with the fetal brain's normal development. Lowered IQ, developmental delays, and a 
higher risk of neurocognitive disorders are linked to low iodine levels during pregnancy [61]. 
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The development of the central nervous system as a whole, synaptic formation, and neuron migration 
are all influenced by thyroid hormones. In addition to lower birth weight, stunted growth, and delayed 
psychomotor development, iodine deficiency has been associated with an increased risk of cretinism, a severe 
form of intellectual disability. Academic performance and long-term learning capacities may be impacted by 
subtle cognitive impairments brought on by even mild iodine deficiency [62]. 

In order to maintain healthy thyroid function and promote the fetus's ideal brain development, an adequate 
iodine intake during pregnancy is necessary. To avoid these harmful effects on maternal and fetal health, the 
World Health Organization advises iodine supplementation during pregnancy, particularly in areas where iodine 
deficiency is prevalent [63]. 

14. ZINC 

14.1. Role in DNA Synthesis and Cell Division 

DNA synthesis and cell division are two essential processes during fetal development that depend on 
zinc for a variety of enzymatic reactions. For enzymes involved in DNA replication and repair, zinc is an 
essential cofactor that guarantees the healthy growth and development of fetal cells. It promotes the 
development of new cells, especially during pregnancy's fast-growing stages. During the first trimester, when 
organogenesis and rapid cell division are taking place, adequate zinc levels are essential [64]. 

Pregnancy-related zinc deficiency can interfere with these functions, resulting in aberrant cell division and 
inadequate fetal organ development. Lack of zinc has been linked to a higher risk of congenital abnormalities, 
especially in the nervous system, as well as poor fetal growth and development [65]. Thus, maintaining normal 
fetal development and avoiding developmental delays depend on making sure the fetus consumes enough zinc. 

14.2. Impact on Birth Weight and Immune Function 

Additionally, zinc has a major impact on immune function regulation, which is important for the health 
of both the mother and the fetus. The immune system must change during pregnancy to protect the mother from 
infections and promote the development of the fetus. Zinc contributes to cytokine production, which controls 
the immune response, and the development and activation of immune cells like T lymphocytes [66]. Consuming 
enough zinc during pregnancy helps shield the fetus from infections that could harm the mother. Preterm birth, 
low birth weight, and an elevated risk of neonatal infections are among the adverse birth outcomes linked to 
zinc deficiency during pregnancy. Poor fetal development results from maternal zinc deficiency, which also 
impairs fetal growth and has been demonstrated to decrease the synthesis of insulin-like growth factors [67]. 
Zinc deficiency frequently results in low birth weight, which is associated with long-term health issues in 
childhood, such as developmental delays and an increased risk of infection [68]. 
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15. VITAMIN A 

15.1. Importance of Immune Function and Vision 

Vitamin A is essential for the immune system's growth and upkeep as well as for preserving the integrity 
of epithelial tissues, such as the skin and mucosal membranes. By increasing the production of immune cells 
like T lymphocytes and strengthening the body's defense against infections, it also supports the immune 
system's function. Preventing infections during pregnancy is crucial for both the mother and the growing fetus, 
as these infections can have serious repercussions, such as preterm birth or fetal distress [69]. 

Vitamin A is also essential for the development of the fetus's eyes. The development of photoreceptor cells and 
the appropriate formation of the retina depend on retinol, the active form of vitamin A. Pregnancy-related 
vitamin A deficiency is associated with a higher risk of blindness and visual impairments in the unborn child 
[70]. Vitamin A is essential for the general growth and development of the fetus because it also aids in the 
development of other sensory systems and tissues. 

15.2. Potential Toxicity Concerns 

Although too much vitamin A during pregnancy can be toxic and result in birth defects, it is necessary 
for the health of the fetus. A higher risk of teratogenic effects, such as craniofacial abnormalities, heart defects, 
and malformations of the central nervous system, has been linked to hypervitaminosis A, which is usually 
brought on by consuming large amounts of preformed vitamin A (often from supplements) [71]. Therefore, it is 
crucial to balance vitamin A intake during pregnancy in order to prevent the negative effects of both excess and 
deficiency. To reduce the risk of toxicity, the World Health Organization advises pregnant women to get their 
vitamin A mostly from their diet, such as beta-carotene from fruits and vegetables, rather than supplements 
[72]. 

16.  BIRTH WEIGHT AND SIZE 

16.1. Influence of Maternal Nutrition on Low Birth Weight 

A birth weight of less than 2,500 grams is known as low birth weight (LBW), and it is a serious concern 
during pregnancy. In addition to long-term health problems like developmental delays and heightened 
vulnerability to chronic diseases like diabetes and cardiovascular disease later in life, LBW is linked to higher 
rates of morbidity and mortality in newborns. One of the main causes of LBW is maternal malnutrition, 
specifically deficiencies in macronutrients (like protein and energy) and micronutrients (like iron and zinc). 
Growth restriction may result from inadequate consumption of these nutrients, which can also affect placental 
function and decrease nutrient transfer to the fetus [73]. 

For example, it has been demonstrated that iron deficiency anemia during pregnancy raises the risk of 
low birth weight and preterm birth. In the same way, low energy and protein intake can restrict fetal growth, 
which can lead to low birth weight and intrauterine growth restriction (IUGR) [74]. By enhancing maternal iron 
status and fostering improved fetal development, a study by Allen et al. (2019) showed that maternal iron 
supplementation during pregnancy significantly decreased the incidence of LBW [75]. 
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16.2. Influence of Maternal Nutrition on Macrosomia 

In contrast, macrosomia, which is defined as a birth weight of more than 4,000 grams, can result from an 
excessive intake of maternal nutrients, particularly in the form of high-calorie foods and simple sugars. One of 
the main risk factors for macrosomia is maternal obesity and excessive weight gain during pregnancy. Fetal 
overgrowth brought on by overnutrition, especially an excessive intake of fats and carbohydrates, raises the risk 
of delivery complications like shoulder dystocia, cesarean sections, and neonatal hypoglycemia [76]. Obesity in 
mothers is associated with a higher chance of giving birth to a child who has macrosomia, according to studies. 
Frequently, possess high levels of glucose and insulin, which pass through the placenta and encourage 
uncontrollably rapid fetal growth. Furthermore, it has been demonstrated that poor maternal dietary practices, 
such as consuming a lot of sugary and high-fat foods, can lead to the development of macrosomia by giving the 
fetus an excessive amount of calories [77]. 

Maternal nutrition's role in macrosomia emphasizes how crucial a balanced diet is during pregnancy. 
Preventing low birth weight and macrosomia requires monitoring maternal weight gain, maintaining adequate 
but not excessive nutrient intake, and practicing healthy eating habits. Avoiding the extremes of undernutrition 
or overnutrition and promoting healthy fetal growth should be the main goals of optimal prenatal care [78]. 

17. PRETERM BIRTH 

17.1. Nutritional Factors Contributing to Premature Delivery 

A higher risk of preterm birth has been linked to maternal undernutrition, which is defined by 
inadequate consumption of calories, protein, and vital micronutrients. Pregnancy outcomes have been found to 
be adversely affected by nutrient deficiencies, including those in folic acid, vitamin D, calcium, and zinc. For 
example, folic acid is essential for DNA synthesis and cell division, and a lack of it is associated with a higher 
risk of preterm birth [79]. 

Research suggests that a major contributing factor is also insufficient consumption of omega-3 fatty 
acids, specifically DHA (docosahexaenoic acid). A lack of omega-3 fatty acids has been linked to a higher risk 
of preterm birth because they are crucial for fetal development. Omega-3 fatty acids support the preservation of 
uterine function and the control of inflammation. Therefore, there may be a higher chance of preterm labor if 
omega-3 fatty acid levels are low [80]. 

Pregnancy outcomes also depend critically on the mother's weight and general nutritional status. Obesity 
and low body mass index (BMI) have both been associated with a higher risk of preterm birth. Premature 
delivery may result from fetal development disturbances experienced by pregnant women who do not gain 
enough weight or who consume inadequate nutrition [81]. 

It has been proposed that preventing oxidative stress, a known contributing factor to preterm birth, can 
be achieved through adequate maternal intake of antioxidants like vitamin C and vitamin E. Antioxidants lower 
the risk of preterm labor by shielding the tissues of the mother and fetus from harm caused by free radicals [82]. 
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17.2. Congenital Anomalies 

Birth defects, another name for congenital anomalies, are structural or functional abnormalities that arise 
during fetal development. Because certain nutrients are necessary for healthy fetal development and organ 
formation, dietary intake during pregnancy is essential for preventing many congenital abnormalities. 

17.2.1. Role of Nutrients in Preventing Congenital Defects 

Perhaps the most well-known nutrient is folic acid, which helps prevent neural tube defects (NTDs), 
including anencephaly and spina bifida. NTDs can result from folic acid deficiency in the early stages of 
pregnancy, which can disrupt the neural tube's normal closure. Folic acid is necessary for healthy DNA 
synthesis and cell division. It has been demonstrated that maternal folic acid supplementation can lower the risk 
of NTDs by up to 70%, especially during the first trimester [83]. 

Other nutrients like iodine, vitamin A, and zinc are also essential for preventing congenital abnormalities, in 
addition to folic acid. Pregnancy-related iodine deficiency raises the risk of brain damage and intellectual 
disabilities because it impairs thyroid function. For the development of the fetus's brain and general health, it is 
imperative that pregnant women consume enough iodine [84]. 

Organogenesis and cellular differentiation, especially in the growth of the heart, lungs, and eyes, depend 
on vitamin A. Congenital blindness and heart abnormalities are among the birth defects that can result from a 
vitamin A deficiency during pregnancy [85]. But it is crucial to balance your intake of vitamin A because too 
much of it, especially from supplements, can be toxic and harmful to the fetus [86]. 

Another essential nutrient for preventing congenital abnormalities, especially those pertaining to the 
fetal nervous system's development, is zinc. A zinc deficiency during pregnancy increases the risk of low birth 
weight, preterm birth, and neural tube defects. Additionally, it has a significant impact on immune system 
function, assisting in the prevention of infections that may raise the risk of birth defects [87]. 

18. NEURODEVELOPMENTAL OUTCOMES 

Table 4. Nutritional Content of Common Foods. 

Food Item Macronutrient Composition Micronutrient Composition 
Leafy Greens Carbohydrates: 4g/100g, Protein: 

2g/100g, Fat: 0.5g/100g 
Folic Acid: 194mcg/100g, Vitamin C: 80mg/100g, Iron: 
1.5mg/100g 

Salmon 
(Cooked) 

Carbohydrates: 0g, Protein: 22g/100g, 
Fat: 12g/100g 

Omega-3 Fatty Acids: 2260mg/100g, Vitamin D: 570 
IU/100g, Selenium: 36mcg/100g 

Eggs (Whole) Carbohydrates: 0g, Protein: 6g/100g, 
Fat: 5g/100g 

Vitamin B12: 1.1mcg/100g, Choline: 147mg/100g, 
Selenium: 22mcg/100g 

Spinach 
(Cooked) 

Carbohydrates: 7g/100g, Protein: 
3g/100g, Fat: 0.5g/100g 

Folate: 263mcg/100g, Iron: 3.6mg/100g, Vitamin K: 
482mcg/100g 

Almonds Carbohydrates: 22g/100g, Protein: 
21g/100g, Fat: 49g/100g 

Vitamin E: 25.6mg/100g, Magnesium: 268mg/100g, 
Calcium: 264mg/100g 
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Carrots Carbohydrates: 10g/100g, Protein: 
1g/100g, Fat: 0.2g/100g 

Vitamin A: 835mcg/100g, Vitamin C: 7mg/100g, 
Potassium: 320mg/100g 

Bananas Carbohydrates: 23g/100g, Protein: 
1g/100g, Fat: 0.3g/100g 

Potassium: 358mg/100g, Vitamin B6: 0.4mg/100g, 
Vitamin C: 8.7mg/100g 

Sweet 
Potatoes 

Carbohydrates: 20g/100g, Protein: 
2g/100g, Fat: 0.1g/100g 

Vitamin A (Beta-Carotene): 19218 IU/100g, Vitamin 
C: 2.4mg/100g, Iron: 0.6mg/100g 

Oranges Carbohydrates: 12g/100g, Protein: 
1g/100g, Fat: 0.1g/100g 

Vitamin C: 53.2mg/100g, Folate: 30mcg/100g, 
Potassium: 181mg/100g 

Oats Carbohydrates: 66g/100g, Protein: 
17g/100g, Fat: 6g/100g 

Iron: 4.3mg/100g, Magnesium: 177mg/100g, 
Phosphorus: 410mg/100g 

 

Source: National Institutes of Health (NIH). (2020). Micronutrient Fact Sheets. U.S. Department of Health & 
Human Services. Retrieved from https://ods.od.nih.gov/factsheets/ 

 

18.1. Impact on Cognitive and Behavioral Development 

Proper brain development requires adequate nutrition for the mother, especially in the early stages of 
pregnancy. Among the nutrients that are particularly important for the formation of neural connections and 
cognitive function are iron, iodine, folic acid, and omega-3 fatty acids. For example, docosahexaenoic acid 
(DHA), one of the omega-3 fatty acids, is essential for brain development and function. Low levels of DHA 
during pregnancy have been linked to children's behavioral issues and poorer cognitive function because it plays 
a role in the development of the gray matter in the brain [88]. 

Folic acid deficiency is associated with a higher risk of cognitive impairments and developmental delays 
because it is necessary for healthy neural tube formation. Pregnancy-related increases in folic acid levels have 
been linked to better cognitive outcomes and a lower risk of autism spectrum disorders [89]. Similarly, by 
promoting thyroid function, iodine is essential for the development of the fetal brain. It has been demonstrated 
that iodine deficiency during pregnancy affects neurodevelopment, leading to children's learning challenges and 
lower IQs [90]. 

Pregnancy-related iron deficiency can cause maternal anemia and has important neurodevelopmental 
effects. Because iron is essential for the development of the hippocampus and other brain regions involved in 
learning and memory, studies have indicated that children born to mothers who are iron deficient may 
experience cognitive delays, attention issues, and lower IQs [91]. 
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19. LONG-TERM HEALTH IMPLICATIONS 

19.1. How Maternal Nutrition Influences Long-Term Health 

The theory known as "fetal programming" contends that a mother's diet can impact the fetus's 
development in ways that will impact the child's health for the rest of their life. For instance, a higher chance of 
obesity and metabolic syndrome in the offspring is linked to maternal undernutrition during pregnancy. Low 
birth weight, which can be caused by maternal undernutrition, is a predictor of adult obesity and type 2 diabetes, 
according to a study by Godfrey et al. (2018) [92]. 

A higher chance of obesity and cardiovascular diseases in later life is also associated with maternal diets 
heavy in sugar and unhealthy fats. Excessive gestational weight gain and poor dietary patterns during pregnancy 
have been shown to impact the development of insulin resistance in offspring, leading to a higher risk of 
diabetes and metabolic disorders in adulthood [93]. 

On the other hand, consuming enough of some nutrients during pregnancy can lower the chance of 
developing long-term health problems. Omega-3 fatty acid consumption by the mother, for instance, has been 
linked to a decreased risk of obesity, heart disease, and metabolic disorders in the child [94]. Similarly, it has 
been demonstrated that a well-balanced diet high in fruits, vegetables, and whole grains during pregnancy 
promotes healthy fetal development and lowers the chance of developing chronic illnesses in later life [95]. 

The importance of optimal maternal nutrition for ending the cycle of chronic diseases is highlighted by 
the intergenerational transmission of health risks, in which maternal nutrition affects not only the child but also 
subsequent generations. Therefore, lowering the long-term health burden on people and populations requires 
promoting maternal health through appropriate nutrition [96]. 

19.1.1. Nutrient Deficiencies and Pregnancy Complications 

Pregnancy outcomes have been significantly impacted by common nutrient deficiencies among pregnant 
women, especially in low- and middle-income countries, according to numerous studies. Maternal anemia, 
preterm birth, low birth weight, and developmental delays have all been linked to micronutrient deficiencies in 
iron, iodine, calcium, and vitamin D. To illustrate, one of the most frequent causes of maternal anemia is iron 
deficiency, which has serious effects on fetal development, including birth weight and brain development [97]. 
Similarly, a lack of iodine during pregnancy can affect neurodevelopmental outcomes by causing thyroid 
dysfunction in both the mother and the unborn child [98]. 

19.1.2. Role of Specific Nutrients in Fetal Development 

Zinc, omega-3 fatty acids, and folic acid are essential for fetal development. Early pregnancy folic acid 
supplementation is highly linked to a lower risk of neural tube defects, including spina bifida [99]. The 
development of the fetal brain and eyes is aided by omega-3 fatty acids, especially DHA. Research has shown 
that children whose mothers took omega-3 supplements during pregnancy have better cognitive function [100]. 
Low birth weight and premature birth are among the negative birth outcomes linked to zinc deficiency, an 
essential trace element that is necessary for cellular growth and division [101]. 
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19.1.3. Impact of Maternal Nutrition on Long-Term Health 

The child's long-term health is impacted by the mother's diet. Poor maternal nutrition has been linked in studies 
to a higher chance of developing chronic illnesses like obesity, diabetes, and cardiovascular disease in later life. 
A higher risk of childhood obesity and metabolic disorders has been associated with maternal undernutrition 
and excessive weight gain during pregnancy [102]. Early nutrition can predispose people to health conditions in 
adulthood, according to the "Developmental Origins of Health and Disease" hypothesis [103]. 

20. FOODS RICH IN ESSENTIAL NUTRIENTS 

20.1. Food Sources of Key Micronutrients 

20.1.1. Folic Acid 

A B-vitamin called folic acid is essential for DNA synthesis and the development of the fetal neural 
tube, especially during the first trimester of pregnancy (104). Because neural tube defects like spina bifida are 
linked to folic acid deficiency, it is crucial to consume enough of it. 

Key Food Sources: 

● Leafy Greens: Spinach, kale, and collard greens are excellent sources of natural folate (105). 
● Citrus Fruits: Oranges, lemons, and grapefruits are rich in folate and vitamin C, which enhances its 

absorption (106). 
● Fortified Cereals: Many breakfast cereals are fortified with folic acid to help meet dietary requirements 

(107). 
● Legumes: Lentils, chickpeas, and black-eyed peas are also rich in folate (108). 

20.1.2. Iron 

The synthesis of hemoglobin and the movement of oxygen throughout the body depend on iron. Iron 
needs rise dramatically during pregnancy in order to support the growth of the fetus and the volume of the 
mother's blood. Preterm delivery and low birth weight are two negative outcomes associated with iron 
deficiency anemia, a common condition during pregnancy (109). 

Key Food Sources: 

● Red Meat: Beef and lamb are excellent sources of heme iron, which is highly bioavailable (110). 
● Beans and Lentils: Kidney beans, chickpeas, and lentils are good sources of non-heme iron (111). 
● Spinach: This leafy green provides iron and vitamin C when consumed fresh or lightly cooked (112). 
● Fortified Grains: Breakfast cereals and bread often contain added iron (113). 
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20.1.3. Calcium 

Calcium plays a part in muscle contraction, nerve transmission, and the development of fetal bone and 
teeth as well as the health of the mother's bones. Low birth weight and bone loss in mothers can result from 
inadequate calcium intake (114). 

Key Food Sources: 

● Dairy Products: Milk, yogurt, and cheese are excellent sources of calcium (115). 
● Fortified Plant-Based Milk: Soy milk, almond milk, and oat milk fortified with calcium are good 

alternatives for lactose-intolerant individuals (116). 
● Leafy Greens: Vegetables like kale, bok choy, and broccoli contain bioavailable calcium (117). 
● Tofu: Calcium-set tofu is a protein-rich source of calcium (118). 

20.1.4. Omega-3 Fatty Acids 

Docosahexaenoic acid (DHA), in particular, is an essential omega-3 fatty acid for the development of 
the fetal brain and eyes. Preterm birth risk may be decreased and neurodevelopment supported by adequate 
omega-3 intake during pregnancy (119, 120). 

Key Food Sources: 

● Fish: Salmon, sardines, and mackerel are excellent sources of DHA and eicosapentaenoic acid (EPA), 
bioavailable omega-3 fatty acids (121). 

● Flaxseeds: These are rich in alpha-linolenic acid (ALA), a plant-based omega-3 fatty acid (122). 
● Walnuts: A convenient source of ALA, which can be converted to DHA in the body, albeit at a low 

efficiency (123). 

20.1.5. Iodine 

The thyroid of the mother, which controls the growth and metabolism of the fetus, depends on iodine. Growth 
retardation, cretinism, and intellectual disabilities are associated with iodine deficiency during pregnancy 
(124,125). 

Key Food Sources: 

● Seaweed: A rich natural source of iodine, but intake should be moderated to avoid excess (126). 
● Iodized Salt: Widely used to prevent iodine deficiency disorders in populations (127). 
● Dairy Products: Milk, yogurt, and cheese contribute to iodine intake, especially in iodine-fortified 

regions (127). 
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20.1.6. Zinc 

Zinc plays a pivotal role in DNA synthesis, cell division, and fetal immune system development. 
Improved immune function and birth weight are linked to adequate zinc intake during pregnancy (128). 

Key Food Sources: 

● Meat: Beef and pork provide highly bioavailable zinc (129). 
● Shellfish: Oysters and crabs are particularly rich sources of zinc (130). 
● Legumes: Lentils, chickpeas, and black beans provide zinc, although absorption is lower compared to 

animal sources due to phytates (131). 
● Seeds and Nuts: Pumpkin seeds and almonds are excellent plant-based sources of zinc (132). 

20.1.7. Vitamin A 

Immune system performance, fetal cell differentiation, and vision all depend on vitamin A. However, 
toxicity and congenital abnormalities can result from excessive intake, especially from supplements or the liver 
(133). 

Key Food Sources: 

● Carrots and Sweet Potatoes: Rich in beta-carotene, a precursor of vitamin A, which is safe and non-toxic 
(134). 

● Liver: A potent source of retinol, but consumption should be limited during pregnancy to avoid toxicity 
(135). 

20.2. Dietary Patterns Promoting Healthy Pregnancy 

20.2.1. Mediterranean Diet 

The health benefits of the Mediterranean diet are well known, and they are especially advantageous 
during pregnancy. Whole grains, fruits, vegetables, lean meats, healthy fats (particularly olive oil), and 
moderate amounts of dairy are all emphasized in this diet [136]. 

Benefits in Pregnancy: 

● Nutritional Adequacy: Rich in essential nutrients like omega-3 fatty acids, folate, and antioxidants, the 
Mediterranean diet supports fetal brain and eye development and reduces the risk of preeclampsia (136, 
137). 

● Prevention of Gestational Diabetes: The diet's low glycemic load helps maintain stable blood sugar 
levels, reducing the risk of gestational diabetes (138). 

● Impact on Birth Outcomes: Studies have shown a lower risk of preterm birth and higher birth weights 
among women adhering to this dietary pattern (139). 
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20.3. Plant-Based Diets 

Benefits in Pregnancy: 

● Packed with Micronutrients: Well-designed plant-based diets can supply essential nutrients such as 
fiber, folic acid, and antioxidants that support both maternal and fetal health (140). 

● Environmental and Ethical Benefits: Plant-based diets are sustainable and align with ethical 
considerations, which can be motivating for many expecting mothers (141). 

Considerations: 

● To guarantee sufficient intake of iron, vitamin B12, calcium, and omega-3 fatty acids, supplements or 
careful dietary planning are necessary (142). 

20.4. Prenatal Supplementation 

Common Supplements: 

● Folic Acid: Supplementation reduces the risk of neural tube defects such as spina bifida (143). 
● Iron: Prevents anemia, supports oxygen transport, and ensures healthy fetal growth (144). 
● Vitamin D and Calcium: Important for bone health and prevention of gestational hypertension (145). 
● DHA: Supports fetal brain and retina development, often found in omega-3 supplements (146). 

Benefits in Pregnancy: 

● Supplementation complements dietary intake and helps address common deficiencies due to increased 
maternal and fetal nutrient demands (147). 

21. CHALLENGES AND CONSIDERATIONS 

21.1. Socioeconomic Factors 

Income: 

● Access to Nutrient-Dense Foods: Food insecurity frequently affects low-income households, which 
forces them to rely on cheap, high-calorie, but low-nutrient foods. This may lead to nutritional deficits 
that impact the health of both the mother and the fetus (148). 

● Healthcare Affordability: Insufficient funds may make it difficult to obtain nutritional counseling and 
prenatal care, which exacerbates health disparities (149). 

Education: 

● Nutritional Knowledge: Maternal education influences dietary choices, with better-educated mothers 
being more likely to adhere to dietary guidelines and access prenatal supplementation (150). 

● Decision-Making Power: Women's autonomy is increased by education, which enables them to make 
knowledgeable choices regarding their diet and general health (151). 
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Access to Healthcare: 

● Geographical Barriers: Prenatal care and nutritional support are often insufficient in rural areas due to a 
lack of healthcare facilities (152). 

● Healthcare Inequality: Vulnerable populations may be underserved as a result of unequal resource 
distribution brought on by differences in healthcare access (153). 

21.2. Cultural and Dietary Practices 

Cultural Beliefs: 

● Food Taboos: Due to misconceptions about how certain nutrient-rich foods, like fish or eggs, may affect 
the unborn child, pregnant women in some cultures are discouraged from consuming them (154). 

● Gender Norms: Women may not have as much access to food or may be given smaller portions than 
other family members in patriarchal societies, which can affect their nutritional status (155). 

Traditional Diets: 

● Strengths: Nutrient-dense, locally sourced foods like leafy greens, legumes, and whole grains are 
frequently included in traditional diets, which can promote healthy pregnancies (156). 

● Limitations: Certain traditional diets might not be very varied, which could result in deficiencies in 
important micronutrients like vitamin D and iodine (157). 

21.3. Public Health Implications 

Importance of Interventions: 

● Nutritional Education Programs: Women can be empowered to make knowledgeable food choices by 
means of public health initiatives that raise awareness of good eating habits (158). 

● Food Security Initiatives: Low-income families are guaranteed access to nutrient-dense foods through 
programs like food vouchers and supplementation plans (159). 

● Healthcare Infrastructure: Prenatal clinics and nutritional counseling are two examples of maternal 
health services that can be invested in to help reduce nutritional care disparities (160). 

Examples of Successful Programs: 

● Supplementation Programs: In a number of nations, national initiatives offering iron and folic acid 
supplements have considerably decreased anemia and neural tube defects (161). 

● Fortification Policies: Food fortification initiatives, such as iodized salt and vitamin D-enriched milk, 
have addressed widespread deficiencies effectively (162). 
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21.4. Discussion 

21.4.1. Synthesis of Findings 

Support for Existing Theories: 

● DOHaD, or the Developmental Origins of Health and Disease: The results support the DOHaD 
hypothesis, which holds that fetal growth and long-term health outcomes, including the risk of chronic 
diseases, are influenced by maternal nutrition during pregnancy (163). For instance, iron's ability to 
prevent anemia and folic acid's role in neural tube development highlight how important it is to have 
enough micronutrients during pregnancy. 

● Resilience Theory: This study supports theories that highlight how supportive interventions, such as 
nutritional counseling and supplements, improve a mother's ability to overcome cultural and 
socioeconomic obstacles, ultimately improving the health of both the mother and the fetus (164). 

Contradictions or Gaps: 

● The findings suggest that despite widespread promotion of prenatal supplements, adherence rates remain 
suboptimal due to cultural and financial constraints. This disparity emphasizes the necessity of 
addressing maternal behavior-influencing non-nutritional factors (165). 

● The synergistic effects of micronutrients are not well understood, so more research is needed to assess 
the combined effects of nutrients like iodine and omega-3 fatty acids on neurodevelopment (166). 

21.4.2. Implications for Practice 

Healthcare Provider Interventions: 

● Nutritional Counseling: Early and regular dietary pattern counseling should be a top priority for 
providers, with a focus on food sources of vital nutrients such as calcium, iron, and folic acid (167). 

● Culturally-Sensitive Approaches: Adapting recommendations to fit cultural customs and beliefs can 
increase compliance with dietary recommendations (168). 

● Monitoring and Screening: Tracking maternal weight gain and conducting routine screening for 
nutritional deficiencies can help identify pregnancies that are at risk and allow for prompt interventions 
(169). 

Training Programs: 

● Improving healthcare professionals' understanding of new findings in maternal nutrition will enable 
them to provide evidence-based treatment (170). 
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21.4.3. Policy Recommendations 

Public Health Campaigns: 

● Programs for Nutritional Awareness: Governments ought to fund initiatives that inform expectant 
mothers about the value of a healthy diet, with a focus on locally accessible and reasonably priced foods 
high in nutrients (171). 

● Community-Based Interventions: Geographical and socioeconomic barriers can be overcome by 
collaborating with neighborhood organizations to provide education and nutritional supplements (172). 

Food and Supplement Accessibility: 

● Prenatal Supplements: During pregnancy, policymakers should make sure that low-income women have 
access to free or reasonably priced iron, folic acid, and multivitamin supplements (173). 

● Fortification Policies: Widespread deficiencies can be decreased by requiring the fortification of staple 
foods with vital micronutrients such as iodine and folic acid (174). 

Healthcare System Strengthening: 

● Integration of Nutritional Services: Consistent access to essential information and resources is ensured 
by integrating nutritional counseling into standard prenatal care (175). 

● Monitoring and Assessment: Resource allocation and policy changes can be guided by the development 
of frameworks to assess how public health policies affect maternal nutrition and birth outcomes (176). 

22. CONCLUSIONS 

22.1. Summary of Key Points 

● Essential Nutrients: Folic acid, iron, calcium, omega-3 fatty acids, iodine, zinc, and vitamin A are all 
emphasized in the review as being crucial for fetal growth, brain development, and immunological 
function. Emphasis was placed on the dangers of deficiencies, including anemia, neural tube defects, and 
poor cognitive outcomes. 

● Dietary Patterns: It has been determined that plant-based diets and the Mediterranean diet, when 
combined with prenatal vitamins, are advantageous dietary patterns that support healthy pregnancies. 

● Effect on Birth Outcomes: Better birth weight, a lower chance of preterm delivery, and the avoidance of 
congenital defects have all been associated with adequate maternal nutrition. 

● Socioeconomic and Cultural Challenges: It was determined that the main factors affecting maternal 
nutrition were socioeconomic barriers, cultural dietary customs, and restricted access to healthcare, all of 
which called for focused public health initiatives. 

● Policy Implications: To address inequalities in maternal nutrition, recommendations included 
fortification programs, subsidized prenatal supplements, and incorporating nutritional counseling into 
prenatal care. 
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22.2. Future Research Directions 

● Synergistic Effects of Nutrients: Future research should examine how important micronutrients work 
together to affect fetal development, especially neurodevelopment. 

● Longitudinal Studies: To assess the effects of maternal nutrition on the health of children and adults, 
including the risks of obesity, diabetes, and cognitive impairments, long-term studies are required. 

● Cultural Practices: To guide customized interventions, research should concentrate on how particular 
dietary and cultural practices affect the health of mothers and fetuses. 

● Cost-Effective Interventions: Finding scalable and reasonably priced solutions should be a top priority, 
especially in low-income environments. 

● New Dietary Trends: Research on the effects of contemporary dietary trends, like plant-based diets or 
different protein sources, on pregnancy outcomes would be insightful. 

22.3. Final Thoughts 

A key component of both maternal and fetal health, maternal nutrition affects outcomes that last a 
lifetime. Despite advancements in research and policy, disparities in nutritional access and education persist, 
particularly in low-resource settings. Reducing these differences by culturally Strong public health policies and 
sensitive, evidence-based interventions are necessary to guarantee mothers' and their children's healthier futures. 

In order to create environments where every woman has the chance to achieve optimal nutrition during 
pregnancy, healthcare providers, policymakers, and researchers must collaborate to close knowledge and 
practice gaps. By prioritizing maternal nutrition, we not only improve individual outcomes but also contribute 
to global health and development goals. 

Appendices 

Appendix A: Search Strategy 

The following keywords and Boolean operators were used in the methodical search across several scholarly 
databases: 

● "Fetal development" AND "maternal nutrition" 
● "Pregnancy" as well as "birth results" 
● "Deficits in nutrition" AND "low birth weight" 
● "Macronutrients" AND "pregnancy outcomes" OR "micronutrients" 

Appendix B: Summary of Subgroup Analysis 

Subgroup Outcome Assessed Effect Size Confidence Interval (95%) 
Low-income countries Low birth weight 1.30 (OR) 1.10–1.50 
High-income countries Preterm birth 0.75 (RR) 0.60–0.90 
Folic acid supplementation Neural tube defects 0.30 (RR) 0.20–0.50 
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