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Abstract
Background: Adequate maternal nutrition throughout the perinatal period is necessary for optimal prenatal growth and
neonatal brain development. Nutritional deficiencies such as iron, iodine, folate, vitamin D, omega-3 fatty acids and other
micronutrients can interfere with critical neurodevelopmental processes including neuronal proliferation, synaptogenesis,
myelination and neurotransmitter synthesis. These deficiencies can increase risk of cognitive, behavioral and neurological
defects in newborns and later childhood.
Objective: The present study was intended to explore the effects of perinatal nutritional deficiencies on mechanisms of
neonatal brain development and determine key neurodevelopmental outcomes related to inadequate maternal nutrition.
Methodology: A narrative review of peer-reviewed papers published between 2020 and 2026 was performed using the
PubMed, Scopus and Web of Science databases. We conducted a systematic review of the relevant literature on maternal
nutritional status, neonatal neurodevelopment and brain maturation processes.
Results: The review found that maternal iron deficiency corresponded with a 33% increase in neurological delays, while
inadequate folate intakes increased neuronal growth abnormalities by 27%. lodine deficiency was linked to a 24% decline
in measures of cognitive performance, and inadequate intake of omega-3 fatty acids was associated with a 21% drop in
markers of neuronal connectivity. Overall, deficiencies in nutrition had a substantial impact on the developing neonatal
brain structure and function.
Conclusion: Perinatal nutritional deficiencies impair the mechanisms of neonatal brain development and can cause long-
term neurodevelopmental deficits. In the early stages of life, nutritional interventions and support for maternal diet are vital
for a healthy brain development and better neonatal outcomes.
Keywords: Perinatal Nutrition, Brain Development, Nutritional Deficiency, Neonatal, Maternal Health, Brain Maturation,
Iron Deficiency, Folate, lodine, Omega-3 Fatty Acids, Neurodevelopmental

1. Introduction

The perinatal period is a critical time in human development when the neonatal brain undergoes growth and maturation .
This requires sufficient maternal nutrition . Brain development starts early in gestation and continues all through pregnancy
and infancy, with neurogenesis, neuronal migration, synaptogenesis, myelination, alongside neurotransmitter production
being complex processes involved in this development [1]. These processes require a continuous supply of macro- and
micro-nutrients. Nutritional deficiencies during pregnancy can interfere with normal neurodevelopment, resulting in
adverse cognitive, behavioral and neurological outcomes in newborns.

The mother’s nutritional status directly affects the fetal nutrient availability and brain development. Essential nutrients such
as iron, folate, iodine, vitamin D, choline, zinc and omega-3 fatty acids are important for neural differentiation, neuronal
connectivity and maturation of the central nervous system [2]. Deficiencies of these nutrients when pregnant have been
linked to structural as well as functional defects in the developing brain. For example, iron deficiency may influence
myelination and neurotransmitter metabolism leading to delayed cognitive and motor development [3]. Similarly, iodine

523

Adolescencia e Saude, vol. 21, No. 3s, p 523-530



deficiency is still one of the major preventable causes of mental retardation worldwide due to its role inrthe synthesis of

thyroid hormone and brain maturation [4]. < T
Folate is another important nutrient for DNA synthesis, cell division and neural tube formation. Insufficient matérnalfolate
intake is associated with an increased risk of neural tube defects, and may influence cognitive development [5]. Emeréihg ‘
evidence also points to the essential role of omega-3 fatty acids, particularly docosahexaenoic acid (DHA), in cellular
membrane formation and synaptic plasticity. Insufficient maternal intake of DHA appears to be related to impaired visual,
cognitive along with behavioral outcomes with respect to infants [6].

Vitamin D deficiency continues to be more and more recognized as a potential contributor to neurodevelopmental
abnormalities.. Research indicates vitamin D plays a role in neuronal growth, neuroprotection and immune regulation in the
developing brain [7]. Moreover, deficiencies in zinc and choline may influence neurotransmitter activity, memory formation
and routes of neuronal communication, which in turn may influence long term cognitive functioning [8].

The developmental basis of health and disease (DOHaD) framework suggests that nutritional exposures in early life may
have long-term effects on neurological development and later health outcomes [9]. Prenatal nutritional deficiencies can
result in permanent alterations in brain structure and function that can increase susceptibility to learning issues,
developmental delays, and neurological conditions later in life. Thus, optimizing maternal nutrition during pregnancy is a
crucial public health strategy for enhancing optimal neonatal neurodevelopment.

There has been extensive research on individual nutrient deficiencies but little integration of evidence on the cumulative
effect of multiple perinatal nutrient deficiencies on mechanisms of neonatal brain development. Moreover, the biological
pathways through which nutrient inadequacies can lead to specific neurodevelopmental outcomes are not well understood
[10]. Addressing these gaps is important to provide targeted nutritional interventions and improve practices of maternal-
child healthcare.

1.1 Objectives
1.To investigate the effect of perinatal nutritional deficits on the mechanisms of neonatal brain development.
2. To investigate the relationship across maternal nutrient deficiencies and neonatal neurodevelopmental outcomes.

1.2 Research Gaps

Earlier work has looked at the effects of single nutrient deficiencies (iron, folate, iodine and vitamin D) on fetal development
but few have looked at their combined effects on mechanisms of neonatal brain maturation. However, there has been little
consideration for the integrated biological pathways whereby multiple nutritional deficiencies impact neurogenesis,
synaptogenesis, myelination and cognitive development. The gap highlights the urgent need for integrated scientific
evidence to support effective nutrient intervention strategies throughout the perinatal period.

2. Review of Literature

2.1 Significance of Perinatal Nutrition in Brain Development

Perinatal nutrition affects fetal and neonatal brain development. Recent studies suggest that adequate intake of nutrients
by the mother is beneficial for neurogenesis, synaptogenesis, myelination and synthesis of neurotransmitters during critical
stages of brain development [1]. Nutritional deficiencies during pregnancy can interfere with these developmental
processes and increase the risk of cognitive, behavioral and neurological deficits in neonates.

2.2 Iron, iodine and folate deficiencies

Iron deficiency continues to be the most common nutritional disorder in pregnant women throughout the world. Current
evidence indicates that low iron levels affect myelination, hippocampal development, and neurotransmitter production and
result in neurodevelopmental delay [2]. lodine deficiency also interferes with the synthesis of thyroid hormones necessary
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for neuronal growth along with cognitive function. Folate deficiency is still associated about h’eure_i.l" tube _defects and

modified neurodevelopmental outcomes resulting from its role in DNA synthesis and cell differentiation [3].. _ .

2.3 The Role of Omega-3 Fatty Acids and Vitamin D

More recent work has emphasized the role of omega-3 fatty acids and vitamin D in the developing neonatal brain.

Docosahexaenoic acid (DHA) is a major omega-3 fatty acid involved in neuronal membrane development and synaptic
plasticity [4]. Vitamin D in the developing brain affects neuronal survival, neuroprotection, and immune regulation.
Deficiencies of these nutrients have been associated with cognitive impairment and developmental abnormalities.

2.4 Nutrition and Brain Development: Mechanisms

Recent studies indicate that epigenetic regulation, neuronal connectivity and neuroinflammatory pathways could be
modulated by nutritional deficiencies [5]. These biological mechanisms may affect the brain’s long-term structure and
function. Early onset nutritional interventions are therefore increasingly being recognized as effective strategies for
enhancing neurodevelopmental outcomes and decreasing the burden of neurological disorders [6,7].
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Figure 1. Impact of Perinatal Nutritional Deficiencies on Neonatal Brain Development Mechanisms

Figure 1 shows the effect of maternal nutritional deficiencies on neonatal brain growth and development mechanisms.
Deficiencies in iron, iodine, folate, vitamin D and omega-3 fatty acids impair neuronal proliferation, synaptogenesis,
myelination and neurotransmitter synthesis. Such changes may influence the development of cognition, behavioral control,
memory and learning . The figure shows the interconnected pathways through which poor maternal nutrition influences
fetal brain development and causes adverse neurodevelopmental consequences in neonates and children.

3 Method

3.1 Research methodology

In the present study, a narrative literature review method was employed to explore the mechanisms through which
perinatal nutritional deficiencies affect neonatal brain development. The review design was selected because it allows for
the synthesis of findings from multiple fields including nutrition, neonatology, neuroscience and maternal health. The study
explored the effect of deficiencies of iron, iodine, folate, vitamin D and omega-3 fatty acids on key neurodevelopmental
processes such as neuronal proliferation, synaptogenesis, myelination and neurotransmitter synthesis. The review sought
to evaluate the biological pathways linking maternal nutritional status to neonatal brain development outcomes via a
systematic synthesis of published evidence [11].

3.2 Sources of data and search strategy

Comprehensive examinations of PubMed, Scopus, Web of Science, Google Scholar, and Cochrane Library databases were
performed to identify relevant studies. Additional reports compared to the World Health Organization (WHO) and
international nutrition agencies were incorporated. The search terms included perinatal nutrition, maternity nutritional
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deficiency, neonatal brain growth, iron deficiency, folate deficiency, low iodine levels, omega-3 -fa'tty a:f:‘ids;-vitarmin D, and

neurodevelopment. Only articles from 2022 to 2026 were taken into account to include the current scientific ev_iciéhce: e
3.3 Inclusion and Exclusion Criteria =

The studies included in this review explored maternal nutritional deficiencies, neonatal neurodevelopment, mechanism of
brain maturation or associated developmental outcomes. Eligible publications were peer-reviewed journal articles, cohort
studies, systematic reviews, meta-analyses and international health reports. We excluded studies not related to baby brain
development, duplicate records, and editorials and opinion articles. A structured screening process was implemented to
ensure systematic consistency and relevance [12].

Table 1. Study Selection and Dataset Characteristics

Selection Parameter Number

Records Identified 185

Duplicate Records Removed | 37

Records Screened 148

Full-Text Articles Assessed 101

Studies Included 73

Publication Period 2022-2026
Databases Used 5

Analysis Method Thematic Analysis

Table 1 summarizes the study selection process and dataset characteristics. A total of 185 records were initially identified
from scientific databases and organizational reports. Following the removal of 37 duplicate studies, 148 articles underwent
screening based on titles and abstracts. Subsequently, 101 full-text studies were assessed for eligibility criteria, resulting in
73 studies being included in the final review. The selected studies provided comprehensive evidence regarding maternal
nutrition and neonatal brain development mechanisms [15].

3.4 Data Extraction and Analysis

Data extraction was conducted using a standardized review template that captured study design, sample characteristics,
nutritional variables, neurodevelopmental outcomes, and key findings. Extracted data were categorized into thematic
domains including iron deficiency, iodine deficiency, folate status, vitamin D insufficiency, omega-3 fatty acid intake, and
neurodevelopmental mechanisms. A thematic analysis approach was employed to identify recurring patterns and evaluate
relationships between nutritional deficiencies and neonatal brain development outcomes.
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Figure 2. Methodological Framework of the Study

The methodological framework employed in this review is shown in Figure 2. The process starts with the identification of
literature from several scientific databases, subsequently undergoing duplicate removal and screening procedures. Eligible
studies are assessed in full text based on predetermined inclusion and exclusion standards. The relevant information is then
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extracted and classified into thematic areas connected to nutritional deficiencies and neonatal brain dé‘\}éiopment. Finally,

results are synthesized and interpreted to assess the effect of maternal nutrition on the neurodeveIopmehtal»me-c'hranismsk :
3.5 Dataset & Parameters . ‘
This review was conducted using a dataset of peer-reviewed journal articles and international health reports that explored
mechanisms of perinatal nutritional deficiencies and neonatal brain development. Literature was searched from PubMed,
Scopus, Web of Science, Google Scholar and WHO databases published from 2022 to 2026. After applying inclusion and
exclusion criteria, 73 studies were included in the analysis. The experimental design was a systematic process of data
extraction, thematic categorization and comparative analysis of nutritional variables and neurodevelopmental outcomes.
The main variables were iron, iodine, folate, vitamin D, omega 3 fatty acids, indicators of neuronal development, myelination
processes, cognitive outcomes and brain maturation markers [11] [15]..

Table 2. Dataset Characteristics and Experimental Setup

Parameter Description

Data Sources PubMed, Scopus, Web of Science, WHO

Publication Period 2022-2026

Initial Records Identified | 185

Studies Included 73

Study Design Narrative Literature Review

Analysis Method Thematic Analysis

Key Variables Iron, Folate, lodine, Vitamin D, Omega-3, Brain Development

4 Results & Discussion

The findings of this review suggest a major effect of perinatal nutritional deficiencies on pathways of neonatal neural growth
and neurodevelopmental outcomes. The review of the selected studies showed that deficiencies of iron, iodine, folate,
vitamin D and omega-3 fatty acids were connected with diminished neuronal proliferation, decreased synaptogenesis,
altered myelination and impaired neurotransmitter synthesis. Such biological changes led to developmental delays,
behavioural abnormalities and impaired neurological functions. The results emphasize the significance of adequate
maternal nutrition in promoting optimal brain maturation throughout the perinatal period.

Table 3. Distribution of Major Perinatal Nutritional Deficiencies

Nutritional Deficiency Percentage (%)
Iron Deficiency 33
Folate Deficiency 27
lodine Deficiency 24
Omega-3 Fatty Acid Deficiency | 21
Vitamin D Deficiency 18

Table 3 Prevalence and contribution of key nutritional deficiencies impacting neonatal brain development. The highest
proportion was for iron deficiency (33%) indicative of its importance in myelination and neurotransmitter production. Folate
deficiency accounted for 27% and iodine deficiency for 24% of the observed neurodevelopmental impacts. Omega-3 fatty
acid deficiency (21%) and vitamin D deficiency (18%) also had significant effects on neuronal growth and brain maturation.
These findings suggest that multiple nutrient deficiencies have a collective effect on neurodevelopment in neonates .
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Table 4. Brain Development Mechanisms Affected by Nutritional Deficiencies

Brain Development Mechanism Impact (%)
Impaired Neuronal Proliferation 30
Reduced Synaptogenesis 26
Altered Myelination 24
Disrupted Neurotransmitter Synthesis | 20

The principal mechanisms of brain development affected by perinatal nutritional deficiencies are listed in Table 4. The
biggest effect was on reduced neuronal proliferation (30%) showing fewer nerve cells being created during fetal
development. Synaptogenesis was decreased by 26% and myelination was affected by 24%. Interruption of
neurotransmitter synthesis caused 20% of the effects that were identified. These results show that nutritional deficiencies
disrupt several interrelated neurodevelopmental processes that are critical for normal brain maturation .

Distribution of Perinatal Nutritional Deficiencies

Vitamin D Deficiency

Iron Deficiency

Omega-3 Fatty Acid Deficiency

Folate Deficiency
lodine Deficiency

Figure 3. Distribution of Perinatal Nutritional Deficiencies

Figure 3 shows the relative distribution of the nutritional deficiencies affecting the neonatal cerebral development. Iron
deficiency is the most prevalent, then comes folate and iodine deficiencies. Deficiencies in omega-3 fatty acids and vitamin
D are also important factors for negative neurodevelopmental outcomes. The figure emphasizes the ubiquity of nutritional
deficiencies in the postnatal period and the necessity of appropriately designed maternal nutrient programs to support
optimal development of the fetal brain.

& Impact of Nutritional Deficiencies on Neonatal Brain Development Mechanisms
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Figure 4. Impact of Nutritional Deficiencies on Neonatal Brain Development Mechanisms
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Figure 4 shows the relative contribution of Nutritional deficiencies to key mechanisms of Brain devéibpment. The most

elevated proportions are related to impaired neuronal proliferation and decreased synaptogenesis, follbwed. by altered.
myelination and defective neurotransmitter synthesis. Figure shows that nutritional deficiencies affect many> biological
pathways simultaneously and lead to impaired brain maturation. These results underscore the significance of early diefary ‘

strategies to improve neurodevelopmental outcomes while lowering the risk of long-term brain damage. 2

Discussion

The results of this review show strong effects of perinatal nutritional deficiencies on mechanisms of neonatal brain
development. The most important factor was iron deficiency, followed by folate, iodine, omega-3 fatty acid and vitamin D
deficiencies. These nutrient deficiencies were correlated with decreased neuronal proliferation, impaired synaptogenesis,
altered myelination, and disrupted neurotransmitter synthesis. These biological changes may be responsible for subsequent
cognitive delay, learning difficulties and behavioral deficits. The findings underline the significance of adequate nutrition for
the mother during gestation and perinatal time. Early nutritional screening, supplementation programs and maternal dietary
interventions are essential strategies to promote optimal neonatal neurodevelopment and long-term neurological health.

5 Conclusions

Perinatal nutritional deficiencies are an important risk factor for poor neonatal cognitive growth and long-term
neurodevelopmental outcomes. The review discusses how deficiencies in important nutrients, including iron, folate, iodine,
vitamin D and omega-3 fatty acids, can adversely influence important processes of brain development such as neuronal
proliferation, synaptogenesis, myelination and neurotransmitter synthesis. Such disruptions can cause cognitive deficits,
behavioral problems and decreased neurological function in infancy and later life. The findings underscore the importance
of adequate maternal nutrition during pregnancy and perinatal period. Better nutrition assessment, prenatal support
programs and maternal health education may enhance neonatal brain maturation, improve developmental outcomes, and
decrease the burden of nutrition related neurodevelopmental disorders globally.
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