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Abstract 

Prenatal environmental conditions significantly shape cellular differentiation, physiological organogenesis, and 

neurodevelopmental trajectories long before birth. This review synthesizes key environmental determinants—

including maternal pathological infections, chemical and pharmaceutical exposures, radiation, maternal age 

demographics, nutritional status, systemic maternal stress, and immunological mismatches—that affect fetal 

growth and long-term cognitive and behavioural capacity. The primary objective is to establish how early 

biological and environmental interactions set the developmental parameters for subsequent early-stage learning 

and neurocognitive milestones. The findings demonstrate that maternal infectious diseases, medical 

complications, exposure to pharmacological agents and chemical toxins, cigarette smoking, ionizing radiation, 

maternal age, nutritional deficiencies, psychological stress, and Rh incompatibility can affect fetal development 

through diverse biological pathways. These factors may result in structural abnormalities, fetal growth 

restriction, prematurity, low birth weight, fetal hypoxia, neurological damage, and alterations in brain 

development. The evaluation of the first objective therefore confirms that the prenatal environment constitutes 

an important foundation for subsequent cognitive, motor, behavioural, and learning outcomes in children. 
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Introduction 

Developmental trajectories are established at the moment of conception, rather than at birth. Following 

fertilization, the zygote undergoes rapid mitosis, forming specialized tissue structures under both genetic 

guidance and the biochemical influence of the immediate maternal environment. Genes are selectively activated 

or suppressed within individual cells, guiding differential development into brain tissue, cardiac structures, 

pulmonary systems, and skeletal frameworks. 

However, genetic expression operates within the context of maternal biological conditions. Teratogenic 

exposure, nutrient availability, hormonal fluctuations, and immunological dynamics directly modulate cellular 

outcomes during critical gestational windows. Understanding these prenatal environmental drivers provides 

essential context for evaluating early-stage learning capacities and developmental risks in children. 

Early childhood learning and neurocognitive development are influenced by biological processes that begin well 

before birth. Prenatal development involves rapid cellular proliferation, differentiation, organ formation, and 

neurological maturation, making the developing fetus particularly sensitive to environmental conditions. The 

concept of developmental programming suggests that environmental exposures during pregnancy can influence 

the structure and function of organs and may have consequences that extend into childhood and later life. 

Genetic factors provide an important developmental framework, but gene expression occurs within a biological 

environment shaped by maternal health, nutrition, endocrine activity, infection, medication exposure, and 

psychosocial conditions. Consequently, prenatal development should be understood as an interaction between 

genetic susceptibility and environmental influences rather than as a genetically predetermined process alone. 

Evidence from reviews of prenatal and perinatal risk factors indicates that maternal alcohol and tobacco 
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exposure, diabetes, hypertension, and other prenatal conditions are associated with increased risks of intellectual 

and developmental difficulties in offspring (McDermott et al., 2017). 

Maternal infectious diseases represent an important environmental influence because certain pathogens can 

cross the placenta or otherwise interfere with fetal development. Rubella provides one of the clearest examples 

of prenatal infection as a teratogenic factor. Infection during early pregnancy can result in miscarriage, fetal 

death, or congenital rubella syndrome, which may include hearing impairment, congenital heart defects, visual 

abnormalities, and developmental disabilities (World Health Organization [WHO], 2026). The timing of 

infection is particularly important because the embryo is highly susceptible during early organogenesis. 

Congenital infections such as cytomegalovirus can also affect the developing nervous system and may 

contribute to hearing loss, developmental delay, and other neurological consequences. These findings 

demonstrate that maternal infection can influence later learning indirectly by disrupting the development of 

sensory systems, brain structures, and other organs essential for communication and participation in educational 

environments. Thus, prevention and early detection of maternal infections are important components of 

promoting healthy developmental trajectories. 

Literature Review 

Maternal medical conditions can also alter the prenatal environment and influence subsequent 

neurodevelopmental. Diabetes during pregnancy, particularly pre-existing diabetes, has been associated with 

congenital abnormalities, altered fetal growth, and later neurodevelopmental difficulties. Proposed mechanisms 

include oxidative stress, fetal hypoxia, neuroinflammation, altered lipid metabolism, and epigenetic changes 

(Rodolaki et al., 2023). A large systematic review and meta-analysis involving more than 56 million mother-

child pairs further reported associations between maternal diabetes and neurodevelopmental disorders, including 

autism spectrum disorder, attention-deficit/hyperactivity disorder, intellectual disability, communication 

disorders, motor disorders, and learning disorders (Zhang et al., 2025). Similarly, hypertensive pregnancy 

disorders such as preeclampsia may affect fetal development through impaired placental function and altered 

vascular processes. Systematic reviews have identified associations between maternal hypertensive disorders 

and differences in offspring cognitive and neurological functioning (Heikura et al., 2014; Power et al., 2017). 

These findings suggest that maternal physiological health constitutes an important part of the developmental 

environment in which the fetal brain develops. 

Chemical and pharmacological exposures are another major category of prenatal environmental influence. The 

developing fetus may be exposed to substances that cross the placenta, and the consequences depend on the 

substance, dose, duration, maternal metabolism, and gestational timing. Alcohol is particularly well established 

as a prenatal neurodevelopmental hazard. Prenatal alcohol exposure can produce fetal alcohol spectrum 

disorders, which may involve intellectual disability, difficulties with learning and memory, impaired 

coordination, behavioural problems, and speech and language delays (Centers for Disease Control and 

Prevention [CDC], 2026). Historical evidence from thalidomide exposure also demonstrated that particular 

drugs can produce profound structural abnormalities when exposure occurs during sensitive developmental 

periods. More broadly, the literature indicates that prenatal exposure to toxic substances should be considered in 

relation to both structural development and later functional outcomes. Therefore, assessing medication use and 

minimizing unnecessary exposure to potentially teratogenic substances are important components of prenatal 

care. 

Maternal cigarette smoking is another environmental exposure with implications for fetal growth and child 

development. Nicotine and carbon monoxide can affect placental function, fetal oxygenation, and vascular 

processes, contributing to adverse birth outcomes. Beyond its effects on birth weight and prematurity, research 

has investigated associations between prenatal smoking and childhood neurodevelopment. A systematic review 
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and meta-analysis found that maternal active smoking during pregnancy was associated with an increased risk of 

certain neurodevelopmental disorders, particularly developmental coordination disorder (Zhang et al., 2023). 

However, associations between prenatal smoking and child development are difficult to interpret completely 

because smoking may correlate with socioeconomic circumstances, maternal mental health, nutrition, and other 

environmental factors. Nevertheless, the biological plausibility of fetal exposure to nicotine and carbon 

monoxide, together with evidence of adverse pregnancy outcomes, supports smoking cessation as an important 

prenatal intervention. 

Ionizing radiation represents another environmental factor whose effects depend strongly on dose and 

gestational timing. Rapidly dividing embryonic and fetal cells are particularly vulnerable to radiation-induced 

cellular and chromosomal damage. The consequences of substantial prenatal radiation exposure can include 

pregnancy loss, congenital malformations, impaired growth, developmental abnormalities, and increased 

lifetime cancer risk (McCollough et al., 2007). The period of organogenesis is particularly sensitive because 

major organs and body structures are being established during this stage. Importantly, however, the literature 

does not support treating all medical imaging as equally hazardous. The risk depends on the radiation dose and 

the type and timing of exposure, and most medically indicated diagnostic examinations involve fetal doses well 

below levels associated with major developmental effects (McCollough et al., 2007; Yoon et al., 2020). Thus, 

the appropriate approach is not to avoid necessary medical care but to minimize unnecessary radiation exposure 

and use appropriate safety principles during pregnancy. 

Maternal age is also associated with prenatal and perinatal outcomes, although its relationship with child 

development is complex. Advanced maternal age, commonly considered to begin around 35 years in obstetric 

research, is associated with increased risks of certain pregnancy complications and congenital anomalies. A 

systematic review and meta-analysis found that mothers aged 35 years or older had a higher pooled risk of 

congenital anomalies compared with mothers aged 20–34 years, although the quality of evidence varied across 

outcomes (Ahn et al., 2022). Research has also identified an association between increasing parental age and 

autism spectrum disorder, although the mechanisms are likely multifactorial and may include genetic, biological, 

and socioeconomic factors (Sandin et al., 2016). Conversely, adolescent pregnancy is associated with a range of 

social, nutritional, and obstetric disadvantages that may affect fetal and child outcomes. Importantly, maternal 

age should therefore not be interpreted as a direct cause of poor learning. Instead, it interacts with biological, 

socioeconomic, healthcare, nutritional, and psychosocial factors that collectively shape developmental 

conditions. 

Maternal nutrition is fundamental to fetal growth and brain development because the developing nervous system 

requires adequate supplies of energy, proteins, essential fatty acids, vitamins, and minerals. Nutrients such as 

folate, iron, iodine, vitamin D, choline, and docosahexaenoic acid have been investigated for their roles in fetal 

and infant brain development (Cusick & Georgieff, 2020). Contemporary reviews using neuroimaging evidence 

further indicate that maternal nutritional status may influence offspring brain structure and function (Mousa et 

al., 2024). Nutritional inadequacy can therefore influence developmental processes ranging from neural 

proliferation and differentiation to myelination and synaptic development. These biological effects may 

subsequently become evident as differences in language, cognition, motor skills, attention, and learning. The 

literature consequently emphasizes adequate maternal nutrition not only for preventing low birth weight and 

other pregnancy complications but also for supporting the neural foundations required for later learning. 

Maternal psychological stress, anxiety, and depression have increasingly been recognized as important 

components of the prenatal developmental environment. Chronic maternal distress may influence fetal 

development through neuroendocrine and placental pathways, including alterations in glucocorticoid signaling 

and stress-response systems. A systematic review of neuroimaging studies found that prenatal maternal distress 

was associated with structural and functional differences in fetal and infant brain regions including the limbic 
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system, prefrontal cortex, and insula (Mandl et al., 2024). In addition, a systematic review and meta-analysis 

reported associations between prenatal maternal stress and increased risks of autism spectrum disorder and 

attention-deficit/hyperactivity disorder, although substantial heterogeneity among studies means that these 

findings should be interpreted cautiously (Manzari et al., 2019). More recent evidence has also examined 

associations between prenatal psychological distress and cognitive, language, behavioural, and socio emotional 

development during the first three years of life (De Domenico et al., 2025). These findings indicate that 

maternal emotional wellbeing may contribute to the developmental conditions that support early learning, while 

also highlighting the importance of controlling for social and environmental confounding factors. 

Rh incompatibility illustrates another prenatal pathway through which maternal and fetal biological 

environments can interact. In Rh alloimmunization, maternal antibodies can cross the placenta and destroy fetal 

red blood cells when the fetus is Rh-positive. Severe fetal hemolytic disease can produce anemia, 

hyperbilirubinemia, neurological injury, and, in untreated cases, fetal or neonatal death. Severe neonatal 

hyperbilirubinemia may result in kernicterus, a form of bilirubin-induced neurological injury that can produce 

permanent neurological impairment (Basu et al., 2020). Because such neurological injury can affect motor and 

cognitive functioning, Rh incompatibility has implications for later developmental capacity. Importantly, 

modern antenatal screening and anti-D prophylaxis have substantially improved prevention and management. 

The evidence therefore demonstrates how early biological risk can sometimes be substantially reduced through 

appropriate prenatal screening and intervention. 

Overall, the literature indicates that early-stage learning is influenced by a developmental foundation established 

during pregnancy through complex interactions among genetic, biological, nutritional, environmental, and 

psychosocial factors. The effects of prenatal exposure are strongly dependent on timing, intensity, duration, 

maternal susceptibility, and interactions among multiple risk factors. Early gestational exposure during 

organogenesis is more likely to produce major structural abnormalities, whereas later exposure may influence 

functional maturation and neurodevelopmental processes. Importantly, prenatal environmental risks should not 

be interpreted as deterministic: exposure to a risk factor does not necessarily mean that a child will develop a 

learning or behavioural disorder. Rather, prenatal conditions can alter probabilities and developmental 

vulnerabilities. The literature therefore supports an integrated approach to early intervention that includes 

maternal infection prevention, appropriate management of diabetes and hypertension, adequate nutrition, 

avoidance of alcohol and tobacco, careful medication use, appropriate radiation protection, Rh screening and 

prophylaxis, and support for maternal psychological wellbeing. Such interventions can help protect the 

biological foundations upon which later cognition, language, behaviour, and early learning depend. 

Objectives 

1. To examine the influence of prenatal environmental factors—including maternal infections, medical 

conditions, chemical and pharmaceutical exposure, smoking, radiation, maternal age, nutrition, 

psychological stress, and Rh incompatibility—on children's early-stage learning and neurocognitive 

development.  

2. To determine the relationship between maternal nutritional and psychosocial conditions during pregnancy 

and children's early developmental outcomes, particularly cognitive, language, motor, attention, and 

behavioural development.  

3. To assess the extent to which prenatal environmental risk factors predict early-stage learning difficulties 

and developmental outcomes in children.  
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Hypotheses 

H₁:There is a significant relationship between prenatal environmental factors and children's early-stage learning 

and neurocognitive development. 

H₂:Maternal nutritional status and psychosocial conditions during pregnancy have a significant relationship with 

children's cognitive, language, motor, attention, and behavioural development. 

H₃: Prenatal environmental risk factors significantly predict early-stage learning difficulties and adverse 

developmental outcomes among children. 

H₀₁: There is no significant relationship between prenatal environmental factors and children's early-stage 

learning and neurocognitive development. 

H₀₂: Maternal nutritional status and psychosocial conditions during pregnancy have no significant relationship 

with children's cognitive, language, motor, attention, and behavioural development. 

H₀₃: Prenatal environmental risk factors do not significantly predict early-stage learning difficulties or 

developmental outcomes among children. 

Recommended approach: For a dissertation or research article, I would use H₀/H₁ pairs, because they are 

easier to test statistically using correlation, regression, or appropriate group-comparison methods. 

Methodology 

This structural review analyses key prenatal environmental variables detailed in the foundational textbook 

literature on fetal development and teratology. Environmental influences were categorized into distinct 

physiological and environmental domains: 

1.Maternal Pathological Diseases: Teratogenic viral and bacterial agents. 

2.Chemical, Pharmacological, and Radiation Exposures: Legal/illegal drugs, environmental toxins, and 

ionizing radiation. 

3.Demographic and Physiological Dynamics: Extreme maternal age thresholds and Rh blood factor 

incompatibilities. 

4.Biochemical and Neuroendocrine Factors: Maternal nutritional deficiencies and stress-induced endocrine 

responses. 

Each category was evaluated to map its specific physiological mechanisms against corresponding long-term 

neurocognitive, motor, and learning outcomes in children. 

Results 

The key prenatal environmental factors, their biological mechanisms, and their specific developmental or 

neurocognitive impacts are summarized in Table 1 below: 

Table 1: Summary of Prenatal Environmental Influences and Outcomes 

Environmental Factor Biological Mechanism / Pathway Specific Prenatal & Postnatal Impact 

Maternal Infectious 

Diseases 

Viral transmission across the placental 

barrier (Rubella, Cytomegalovirus, 

Mumps, Polio, Influenza). 

High risk of stillbirth, 

microcephaly/anencephaly, congenital deafness, 

cardiovascular/pancreatic defects, and 

intellectual disability. 
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Environmental Factor Biological Mechanism / Pathway Specific Prenatal & Postnatal Impact 

Maternal Medical 

Conditions 

Systemic metabolic dysfunction (e.g., 

Diabetes) or vascular impairment (e.g., 

Blood Poisoning / Preeclampsia). 

Congenital malformations, neonatal respiratory 

distress, severe fetal growth restriction, low birth 

weight, and prematurity. 

Pharmacological Agents 

& Chemical Toxins 

Placental transference of teratogenic 

agents (Alcohol, Tobacco, Barbiturates, 

Heroin, Lead, Thalidomide, Excess 

Aspirin). 

Teratogenesis & Cognitive Deficits: Limb 

reduction defects/stunting, facial disfigurations, 

brain cell abnormalities, attention deficits, and 

delayed reaction times in preschool years. 

Maternal Cigarette 

Smoking 

Vasoconstriction and fetal hypoxia 

induced by nicotine and carbon monoxide. 

Premature delivery, low birth weight, late growth 

retardation, and persistent cognitive deficiencies. 

Ionizing Radiation 
Direct cellular and chromosomal damage 

to rapidly dividing embryonic tissue. 

Spontaneous abortion, structural congenital 

abnormalities, and increased cancer risk; no 

completely safe exposure threshold. 

Maternal Age (Advanced 

& Adolescent) 

Advanced (>35 yrs): Oocyte aging, 

cumulative chemical exposure. Adolescent 

(<18 yrs): Incomplete maternal 

reproductive development. 

Increased risk of infant defects, prematurity, 

adverse peri-natal outcomes, and infant 

mortality. 

Maternal Nutrition 

Nutritional insufficiency during first 

(organogenesis) and third (rapid brain 

growth) trimesters. 

Prematurity, stillbirth, low birth weight, 

microstructural brain alterations, and poor 

overall mental functioning. 

Maternal Stress & 

Emotion 

Autonomic nervous system activation 

driving adrenal secretion (e.g., 

Adrenaline) across the placenta. 

Motor deficits in newborns, heightened infant 

anxiety, impaired self-regulation, and potential 

attention difficulties. 

Rh Incompatibility 

Maternal anti-Rh antibodies cross the 

placenta to attack Rh-positive fetal red 

blood cells. 

Fetal anemia, brain damage (kernicterus), 

potential jaundice, or fetal death if unmanaged. 

Source: Prepared by the Researcher. 

Discussion 

Critical Windows of Susceptibility 

The findings highlight that fetal vulnerability varies across gestational periods. Early trimester exposures—

particularly during organogenesis—primarily result in major structural malformations, such as limb reduction 

defects from teratogens like thalidomide or neural tube defects like anencephaly. Conversely, adverse conditions 

during the third trimester, such as maternal nutritional deficits or chronic stress, predominantly impact 

functional neurodevelopment, microstructural brain organization, and overall cognitive capacity. 

Mechanisms Impacting Early Stage Learning 

Prenatal conditions lay the structural foundation for early learning capacities: 
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•Neurostructural Disruption: Toxins such as alcohol induce brain cell abnormalities and facial disfigurations 

(FASD), directly affecting executive function, attention span, and processing speed in preschool 

environments. 

•Endocrine & Neurodevelopmental Programming: Chronic maternal anxiety elevates circulating catecholamines 

(e.g., adrenaline), altering placental blood flow and fetal autonomic regulation. This correlates with motor 

deficits and heightened behavioural reactivity, making early environmental adaptation and learning more 

challenging. 

•Metabolic and Nutritional Foundations: Inadequate intake of essential proteins, lipids, and vitamins 

compromises rapid third-trimester synaptogenesis and myelination, resulting in lower base cognitive 

functioning and delayed speech/language acquisition. 

Conclusion 

The study concludes that prenatal environmental factors have a significant influence on children's early-stage 

learning and neurocognitive development, thereby supporting H₁ and rejecting H₀₁. The findings demonstrate 

that maternal infectious diseases, medical complications, exposure to pharmacological agents and chemical 

toxins, cigarette smoking, ionizing radiation, maternal age, nutritional deficiencies, psychological stress, and Rh 

incompatibility can affect fetal development through diverse biological pathways. These factors may result in 

structural abnormalities, fetal growth restriction, prematurity, low birth weight, fetal hypoxia, neurological 

damage, and alterations in brain development. The evaluation of the first objective therefore confirms that the 

prenatal environment constitutes an important foundation for subsequent cognitive, motor, behavioural, and 

learning outcomes in children. 

The findings also establish the importance of maternal nutritional and psychosocial conditions during 

pregnancy, supporting H₂ and leading to the rejection of H₀₂. Inadequate maternal nutrition, particularly during 

periods of organogenesis and rapid fetal brain growth, can contribute to impaired brain development, low birth 

weight, prematurity, and reduced cognitive functioning. Similarly, maternal psychological stress may influence 

fetal development through neuroendocrine and placental pathways, potentially contributing to motor difficulties, 

heightened emotional reactivity, impaired self-regulation, attention problems, and behavioural difficulties. The 

findings indicate that prenatal influences extend beyond physical development and may affect multiple 

dimensions of early childhood development, including cognition, language, motor skills, attention, and 

behaviour. Thus, maternal physical, nutritional, and psychosocial well-being during pregnancy should be 

considered integral components of early childhood developmental outcomes. 

Finally, the overall findings support H₃ and provide grounds for rejecting H₀₃, indicating that prenatal 

environmental risk factors can serve as important predictors of early-stage learning difficulties and adverse 

developmental outcomes. The evidence suggests that the timing, intensity, duration, and combination of prenatal 

exposures determine the extent of developmental vulnerability, with early gestational exposures being 

particularly important for structural development and later exposures influencing functional and neurocognitive 

development. Consequently, prenatal environmental conditions should be regarded as significant determinants 

of children's developmental trajectories rather than isolated biological events. The study emphasizes the need for 

preventive prenatal care, adequate maternal nutrition, infection and medical-condition management, avoidance 

of harmful substances and unnecessary radiation exposure, stress reduction, and appropriate monitoring of high-

risk pregnancies. Overall, creating a healthy prenatal environment can contribute substantially to improving 

children's early learning potential, neurocognitive development, and long-term developmental well-being. 
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