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Abstract: Background: Prenatal nutrition is a primary, modifiable determinant of maternal and fetal health outcomes. During gestation, 

metabolic demands escalate to support uterine expansion, placental development, and rapid fetal tissue synthesis. Objective: This review 

synthesizes current evidence on macronutrient partitions, critical micronutrients, and dietary patterns during pregnancy, evaluating their 

impacts on clinical outcomes like neural tube defects, gestational diabetes mellitus (GDM), pre-eclampsia, and birthweight variations. 

Methods: A comprehensive analysis of recent epidemiological data, clinical trials, and molecular biochemistry literature was conducted 

to establish evidence-based guidelines for gestational management. Results: Balanced macronutrient adjustments paired with target-

driven micronutrient prophylaxis (such as folate, iron, and calcium) significantly reduce obstetric complications. Structured dietary 

patterns like the Mediterranean diet lower systemic inflammatory markers and improve metabolic resilience. Conversely, improper food 

hygiene poses severe risks through maternal-fetal pathogen transmission. Conclusion: Integrating individualized nutritional counseling 

into standard prenatal care mitigates immediate obstetric risks and downregulates chronic disease susceptibility in the offspring through 

positive metabolic programming. 
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1. Introduction 
 

The gestational period demands profound maternal 

homeostatic adaptations that are fundamentally modulated by 

nutritional status. Rather than serving merely as a source of 

caloric energy, prenatal nutrition functions as a targeted 

environmental exposure that actively shapes the fetal 

phenotype (Santos et al., 2024). Through mechanisms defined 

by the Developmental Origins of Health and Disease 

(DOHaD) framework, maternal nutrient availability drives 

epigenetic programming, including DNA methylation and 

histone modifications (Sullivan & Jacob, 2025). These 

alterations permanently calibrate the offspring's metabolic 

rate, tissue morphology, and endocrine axes. Consequently, 

prenatal malnutrition or caloric excess does not just alter birth 

weight; it directly predisposes the individual to 

cardiovascular disease, type 2 diabetes, and obesity decades 

later in life (Marshall et al., 2022). Despite the critical clinical 

significance of this window, global prenatal health is heavily 

impacted by nutritional imbalances. Millions of pregnant 

individuals in low- and middle-income countries suffer from 

"hidden hunger"- chronic micronutrient deficiencies that 

impair tissue synthesis and maternal immune defenses 

(Harrison et al., 2026). Conversely, the rising prevalence of 

maternal obesity in high-income nations introduces a separate 

set of metabolic challenges. Maternal obesity creates a state 

of chronic, low-grade systemic inflammation and insulin 

resistance, significantly elevating the risks of gestational 

diabetes mellitus (GDM), pre-eclampsia, and macrosomia 

(Thompson & Whitaker, 2025). Given these dual global 

challenges, clinical management can no longer rely on 

generic dietary advice. Optimizing pregnancy outcomes 

requires an evidence-based approach that balances 

macronutrient distribution, addresses specific micronutrient 

deficiencies, and strictly mitigates foodborne pathogen risks 

(Cetin & Mandò, 2025). This review synthesizes current 

nutritional biochemistry and clinical guidelines to provide a 

comprehensive, actionable framework for optimizing 

maternal-fetal health. 

 

2. Gestational Energy Demands and 

Macronutrient Targets 
 

Energy requirements do not increase uniformly across 

pregnancy. Total energy expenditure changes minimally 

during the first trimester, requiring an increase of 

approximately 300 to 350 extra calories per day in the second 

trimester, which scales up to 450 to 500 extra calories per day 

in the third trimester (National Institutes of Health, 2016). 

[Trimester 1: +0 kcal/day] ──> [Trimester 2: +300-350 

kcal/day] ──> [Trimester 3: +450-500 kcal/day] 

To support these energetic demands, specific macronutrient 

distributions must be carefully maintained 

 

Carbohydrates 

Target: 45% to 64% of total daily caloric intake. 

Source Quality: Emphasis must be placed on complex 

carbohydrates with a low glycemic index, including whole 

grains, legumes, and high-fiber vegetables. These sources 

minimize postprandial glucose spikes, reducing the risk of 

GDM (Gomez et al., 2025). 

 

Proteins 

Target: 1.1 grams per kilogram of body weight per day 

(approximately 60 to 71 grams per day), rising from 0.8 grams 

per kilogram in non-pregnant states. 
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Clinical Value: Essential amino acids are required to expand 

maternal blood volume, build uterine tissue, and synthesize 

fetal structural proteins (Harrison et al., 2026). 

 

Fats 

Target: 20% to 35% of total daily caloric intake. 

Lipid Profiles: Polyunsaturated fatty acids (PUFAs), 

particularly Omega-3 fatty acids like docosahexaenoic acid 

(DHA), are critical. DHA selectively accumulates in the fetal 

central nervous system, driving retinal development and 

cortical neurogenesis (Ouyang et al., 2025). 

 

3. Critical Micronutrients and Supplementation 

 

Nutrient 
Recommended 

Daily Intake 
Clinical function Deficiency Risks 

Folic acid/Folate 600mg DNA synthesis neural tube closure in first 28days 
Anencephaly spina bifida  

Preterm birth 

Iron 27mg Haemoglobin synthesis fetoplacental development 

Maternal anemia  

Low birth weight 

hypoxia 

Calcium 1000mg Fetal skeletal mineralization maternal bone preservation 
Pregnancy-induced hypertension pre-

eclampsia 

Vitamin D 15mcg(600IU) 
Faclilitates calcium absorption modulates immune 

function 

Neonatal rickets impaired fetal bone mass 

accrual 

iodine 220-2500mcg Synthesis of maternal and fetal thyroid hormones Congenital Hypothyroidism Cognitive delays 

 

4. Evidence-Based Dietary Patterns 
 

Clinical trials strongly support structured, nutrient-dense 

dietary patterns over unstructured ad-hoc eating habits 

(Raghavan et al., 2025). [ Mediterranean Diet Pattern] 

 

 
 

The Mediterranean Diet 

Data demonstrates that a Mediterranean dietary pattern—rich 

in olive oil, whole grains, fish, legumes, and nuts—

significantly lowers systemic inflammatory markers in 

pregnant individuals (Gomez et al., 2025). Adherence to this 

pattern is associated with a lower incidence of pre-eclampsia, 

preterm birth, and small-for-gestational-age (SGA) infants 

(Raghavan et al., 2025). 

 

Vegetarian and Vegan Considerations  

Well-planned vegetarian diets are safe during pregnancy. 

However, they require careful monitoring. Eliminating 

animal proteins elevates the clinical risk for deficiencies in 

Vitamin B12, bioavailable iron, zinc, and Omega-3 fatty 

acids. Targeted supplementation is frequently required to 

ensure optimal fetal neurodevelopment (Ouyang et al., 2025). 

 

5. Clinical Exclusions and Food Safety 

Protocols 
 

Hormonal shifts during pregnancy induce mild maternal 

immunosuppression, increasing susceptibility to foodborne 

pathogens like Listeria monocytogenes, Salmonella, and 

Toxoplasma gondii. These pathogens cross the placental 

barrier, posing risks of miscarriage, stillbirth, or severe 

neonatal morbidity (Cetin & Mandò, 2025). 

 

 

High-Risk Foods to Avoid 

• Unpasteurized Dairy: Soft cheeses including feta, brie, 

camembert, and queso fresco, unless explicitly labeled as 

made with pasteurized milk. 

• Raw Proteins: Undercooked seafood, sushi, raw shellfish, 

and rare meats. 

• High-Mercury Fish: Large predatory species such as 

shark, swordfish, king mackerel, and tilefish. 

• Processed Meats: Deli meats, hot dogs, and pates, unless 

reheated to steaming hot (74°C / 165°F) to destroy Listeria 

bacteria. 

 

Regulated Substances 

Caffeine: Must be restricted to less than 200 mg per day. High 

caffeine intake acts as a vasoconstrictor, reducing placental 

blood flow and increasing the risk of fetal growth restriction. 

 

Alcohol: There is no established safe threshold for alcohol 

consumption during pregnancy. Exposure directly disrupts 

fetal neurogenesis, inducing Fetal Alcohol Spectrum 

Disorders (FASD). 

 

6. Conclusion 
 

Optimizing prenatal nutrition requires a proactive approach 

combining balanced macronutrient distributions, targeted 

micronutrient supplementation, and strict adherence to food 

safety guidelines. Tailoring these interventions to an 

individual's metabolic profile, cultural baseline, and 

socioeconomic status improves gestational outcomes and 

helps safeguard the long-term health of the next generation. 
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