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Alcohol consumption during pregnancy remains an 

important and preventable risk factor for adverse fetal 

outcomes, including impaired intrauterine growth, congenital 

abnormalities, neurodevelopmental disturbances, and fetal 

alcohol spectrum disorders (FASD). Ethanol readily crosses 

the placental barrier, exposing the developing fetus to a 

substance that its immature metabolic systems cannot process 

as efficiently as those of an adult. The consequences of 

prenatal alcohol exposure vary according to the amount and 

pattern of consumption, timing and duration of exposure, 

maternal nutritional status, genetic susceptibility, placental 

function, and other environmental influences. This article 

aims to examine the principal biological mechanisms 

underlying alcohol-related fetal injury, summarize its clinical 

consequences, and identify evidence-based approaches to 

prevention and early recognition. A narrative review of 

international scientific publications, clinical guidance, and an 

official Uzbek antenatal-care document was undertaken. The 

literature was examined with particular attention to placental 

dysfunction, oxidative stress, cellular injury, altered gene 

regulation, impaired brain development, and disturbances in 

fetal growth. The findings of the reviewed literature indicate 

that prenatal alcohol exposure may interfere with neural cell 

proliferation, migration, differentiation, synaptic 
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organization, and the development of essential organ systems. 

Clinically, the effects range from pregnancy loss and 

premature birth to growth restriction, characteristic facial 

differences in some affected children, congenital 

abnormalities, and persistent difficulties involving cognition, 

learning, attention, memory, and behavioral regulation. FASD 

represents a spectrum of conditions, and affected children do 

not necessarily exhibit the same physical characteristics or 

degree of impairment. The absence of obvious abnormalities 

at birth therefore does not exclude later neurodevelopmental 

difficulties. The review also highlights the importance of non-

stigmatizing antenatal screening, clear communication about 

alcohol-related risks, and timely referral for appropriate 

support when alcohol use is difficult to discontinue. Current 

evidence does not establish a safe amount, type, or period of 

alcohol consumption during pregnancy. Complete abstinence 

while planning pregnancy and throughout gestation is 

consequently the most reliable preventive approach. 

Integrating preventive counseling into routine antenatal care, 

strengthening professional education, and improving 

developmental surveillance may reduce preventable harm and 

support affected children and their families.   

 

 

Introduction: Fetal development is a complex biological process that depends on 

coordinated cellular differentiation, tissue formation, organ maturation, placental function, and 

the continuous exchange of oxygen and nutrients between the mother and the developing fetus. 

Exposure to harmful substances during this period may interfere with these processes and 

produce consequences that extend beyond birth. Alcohol is particularly important because 

ethanol can cross the placenta, exposing fetal tissues during stages of development when 

essential organs, especially the brain, remain highly vulnerable. Prenatal alcohol exposure is 

therefore recognized as a preventable cause of developmental disability and congenital 

abnormalities [1, 2].   

The effects of alcohol during pregnancy are not limited to the presence of a characteristic 

physical appearance. Some children develop recognizable features of fetal alcohol syndrome, 

whereas others primarily experience difficulties with learning, attention, memory, executive 

functioning, emotional regulation, or social adaptation. These manifestations are collectively 

considered within the broader concept of fetal alcohol spectrum disorders. The severity and 
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presentation of these conditions differ between individuals, even when prenatal exposure 

histories appear similar [1, 3].   

The clinical significance of this issue is increased by the fact that fetal brain development 

continues throughout pregnancy. Alcohol exposure may therefore affect different developmental 

processes at different gestational stages. Early exposure can interfere with embryogenesis and 

organ formation, while exposure during later pregnancy may affect brain maturation, growth, 

and the development of functional neural networks. It is not possible to identify a gestational 

period during which alcohol consumption can be considered reliably safe [2, 4].    

Maternal alcohol consumption may also be influenced by social circumstances, 

psychological stress, limited access to health information, unplanned pregnancy, and difficulties 

associated with alcohol dependence. Consequently, prevention requires more than simply 

informing pregnant women about potential risks. It also requires accessible antenatal services, 

confidential assessment, supportive counseling, and referral to appropriate treatment when 

necessary. The Uzbek antenatal-care guideline similarly emphasizes the importance of 

identifying alcohol use and arranging appropriate medical support for pregnant women who 

require it [5].    

The aim of this article is to analyze the pathophysiological mechanisms through which 

alcohol affects fetal development, summarize the principal clinical consequences of prenatal 

exposure, and discuss evidence-based approaches to prevention, antenatal screening, and early 

developmental assessment.    

Literature review: Research into prenatal alcohol exposure has progressed from the 

description of characteristic physical abnormalities to a broader understanding of the molecular, 

neurological, and environmental processes involved in fetal injury. Popova and colleagues 

described fetal alcohol spectrum disorders as a group of conditions characterized by variable 

combinations of neurodevelopmental impairment, growth abnormalities, facial differences, and 

congenital anomalies. Their review emphasizes that the consequences of prenatal exposure 

depend not only on alcohol consumption itself but also on its timing, dose, frequency, maternal 

and fetal genetic characteristics, nutrition, and other environmental factors [1].    

The developmental toxicity of ethanol is closely associated with its ability to cross the 

placenta. The fetus is exposed to alcohol circulating in maternal blood, while its immature 

metabolic capacity limits the efficient elimination of ethanol and its metabolites. Exposure may 

consequently interfere with developing tissues through several overlapping pathways, including 

oxidative stress, disturbances in cellular signaling, altered gene expression, impaired 

mitochondrial function, and disruption of normal developmental processes [1, 6].    

One of the most extensively investigated areas concerns the effects of alcohol on the central 

nervous system. During embryonic and fetal development, neural cells must proliferate, migrate 

to appropriate locations, differentiate into specialized cell types, and establish functional 

connections. Alcohol exposure may disrupt several of these processes. The resulting 
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abnormalities can affect brain structure and function, potentially contributing to difficulties with 

executive functioning, attention, learning, memory, impulse control, and behavioral adaptation. 

However, the specific manifestations vary considerably, and no single cognitive or behavioral 

feature is sufficient to establish a diagnosis of FASD [1, 3].      

 A systematic review examining prenatal alcohol exposure and brain development during 

the first 1,000 days of life identified 16 eligible studies. The findings were inconsistent across 

imaging methods and brain regions, although some studies reported differences involving the 

thalamus, amygdala, hippocampus, and white-matter connectivity. These findings support 

concern about altered early brain development while also demonstrating the methodological 

challenges involved in determining the precise effects of different exposure patterns [7].   

Alcohol-related fetal injury is also associated with disturbances in placental function and 

fetal growth. The placenta regulates the transport of oxygen, nutrients, and metabolic products 

while supporting communication between maternal and fetal physiological systems. Alcohol 

may affect placental development, vascularization, and nutrient transport, potentially 

contributing to impaired fetal growth. Experimental research also suggests that alcohol exposure 

can alter inflammatory signaling, metabolic regulation, and epigenetic mechanisms. 

Nevertheless, the relative contribution of each pathway in human pregnancy remains 

incompletely understood [6].           

The clinical spectrum of prenatal alcohol exposure includes miscarriage, stillbirth, premature 

birth, impaired fetal growth, congenital abnormalities, and persistent neurodevelopmental 

difficulties. The Centers for Disease Control and Prevention and the National Institute on 

Alcohol Abuse and Alcoholism emphasize that FASD encompasses multiple diagnostic 

presentations rather than a single uniform condition [2, 3]. Diagnosis may be delayed because 

certain learning and behavioral difficulties become apparent only when children encounter 

increasing cognitive and social demands.         

International recommendations consistently advise avoiding alcohol during pregnancy and 

when attempting to conceive. The Royal College of Obstetricians and Gynaecologists 

emphasizes that the safest approach is complete abstinence, while recognizing the importance of 

supportive counseling for women who have consumed alcohol before recognizing pregnancy or 

who find it difficult to stop [4]. In Uzbekistan, the official antenatal-care guideline provides a 

relevant framework for identifying alcohol use during pregnancy and directing affected women 

toward appropriate medical assessment [5]. Taken together, these sources support an integrated 

approach combining prevention, early recognition, clinical follow-up, and developmental 

support.           

 Materials and methods: This article was prepared as a narrative literature review of 

prenatal alcohol exposure, fetal developmental injury, clinical outcomes, and preventive 

interventions. The source material included international reviews, systematic-review evidence, 

public-health guidance, and an official Uzbek antenatal-care document. The principal 
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international sources included publications indexed in PubMed and articles published in Nature 

Reviews Disease Primers, alongside guidance from the Centers for Disease Control and 

Prevention, the National Institute on Alcohol Abuse and Alcoholism, and the Royal College of 

Obstetricians and Gynaecologists.  

The literature was examined thematically rather than through a quantitative meta-analysis. 

The main analytical categories were the biological mechanisms of ethanol-related fetal injury, 

gestational vulnerability, placental and embryonic effects, neurological and structural outcomes, 

diagnostic considerations, and preventive strategies. Particular attention was given to the 

distinction between established clinical guidance, findings from human observational research, 

and mechanisms supported primarily by experimental studies.      

Evidence was synthesized using comparative reading and descriptive analysis. The 

interpretation considered differences in study design, outcome measurement, exposure 

assessment, and the possibility of confounding factors. No original patient recruitment, 

laboratory testing, clinical intervention, or statistical analysis was undertaken. Accordingly, the 

findings presented below represent a qualitative synthesis of published evidence rather than 

newly generated clinical results. The review is limited by its narrative design and does not claim 

to provide an exhaustive systematic search or a pooled estimate of the magnitude of risk.  

Results: The reviewed literature identifies several interconnected pathways through which 

prenatal alcohol exposure may interfere with fetal development. The first is direct exposure of 

fetal tissues to ethanol and its metabolites. Because ethanol crosses the placenta, maternal 

alcohol consumption can expose the developing embryo and fetus during periods of rapid 

cellular growth and organ formation. The immature fetal metabolic system does not eliminate 

alcohol as efficiently as the adult organism, increasing concern about exposure during sensitive 

developmental stages [1, 2].   

A second pathway involves oxidative stress and cellular injury. Ethanol metabolism can 

generate reactive compounds and disturb the balance between oxidative processes and 

antioxidant defenses. Experimental research indicates that these disturbances may affect cellular 

membranes, mitochondrial function, signaling pathways, and the survival of developing cells. 

The consequences depend on exposure characteristics and the developmental stage of the 

affected tissue. Although oxidative stress is a plausible contributor to alcohol-related injury, it 

should not be regarded as the sole mechanism responsible for the full clinical spectrum of FASD 

[1, 6].   

A third pathway concerns the development of the central nervous system. Normal brain 

formation requires tightly regulated neural proliferation, migration, differentiation, 

synaptogenesis, and maturation. Alcohol exposure may interfere with these processes and alter 

the organization of developing neural networks. Such changes may contribute to difficulties 

involving attention, learning, memory, motor coordination, language, and executive functioning. 

The systematic-review evidence on early brain imaging suggests that some exposed infants 
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demonstrate differences in particular brain structures or connectivity, but the available findings 

are heterogeneous and do not establish a uniform imaging pattern for all affected children [7].  

The literature also indicates that placental dysfunction and disturbances in fetal growth may 

contribute to adverse pregnancy outcomes. Changes in placental vascular development and 

nutrient transport may reduce the efficiency with which the fetus receives the resources required 

for normal growth. Clinically, prenatal alcohol exposure is associated with an increased risk of 

impaired fetal growth, low birth weight, and premature birth. The strength of these associations 

varies across studies and may be influenced by the amount and pattern of alcohol consumption, 

maternal health, nutrition, tobacco use, and other factors [1, 4, 6].    

 The clinical consequences of prenatal alcohol exposure range from pregnancy loss and 

congenital abnormalities to persistent developmental difficulties. Fetal alcohol syndrome 

represents one recognizable presentation, generally involving characteristic facial features, 

growth deficiency, and central nervous system abnormalities. Other children within the FASD 

spectrum may have no obvious characteristic facial appearance but may experience substantial 

problems with cognition, adaptive functioning, learning, or behavior. Consequently, the absence 

of visible abnormalities at birth cannot reliably exclude alcohol-related neurodevelopmental 

impairment [1, 2]. The reviewed evidence also demonstrates the importance of early 

identification. A history of prenatal alcohol exposure should prompt an appropriately 

individualized assessment of growth, physical development, neurological function, and 

emerging cognitive or behavioral concerns. No single blood test or imaging investigation can 

independently establish every FASD diagnosis. Assessment instead requires integration of 

exposure history, clinical examination, developmental evaluation, and consideration of 

alternative explanations for the child's difficulties [2, 3].   

With regard to prevention, the literature consistently supports complete avoidance of alcohol 

during pregnancy and when planning conception. Screening for alcohol use should be 

incorporated into routine antenatal care through confidential, non-judgmental discussion. When 

a pregnant woman reports alcohol consumption, the immediate priorities are to encourage 

cessation, assess the pattern of use and any associated dependence, arrange appropriate prenatal 

monitoring, and provide referral for treatment where needed. The Uzbek antenatal-care 

guidance supports identifying alcohol use and arranging specialist assistance when indicated [4, 

5].    

Discussion: The findings of this narrative review support the conclusion that prenatal 

alcohol exposure is a significant and preventable cause of fetal developmental injury. Its effects 

are best understood as the result of interacting biological processes rather than a single isolated 

mechanism. Direct cellular toxicity, oxidative stress, altered gene regulation, impaired placental 

function, and disruption of neural development may contribute in different proportions 

depending on the exposure pattern and the developmental characteristics of the pregnancy [1, 6]. 
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The developing brain deserves particular attention because neurological maturation 

continues throughout gestation and extends into childhood. Prenatal alcohol exposure may 

affect neural processes that later support learning, executive functioning, memory, emotional 

regulation, and adaptive behavior. These difficulties can become more evident with age, 

particularly when school and social environments place increasing demands on the child. This 

helps explain why some children may not receive an appropriate diagnosis during infancy 

despite experiencing clinically meaningful developmental difficulties later in life [1, 3].   

At the same time, scientific interpretation requires caution. Not every pregnancy involving 

alcohol exposure results in an identifiable FASD, and not every child with developmental 

difficulties has experienced prenatal alcohol exposure. Differences in exposure measurement, 

maternal and fetal genetics, nutrition, concurrent substance use, and socioeconomic conditions 

complicate the interpretation of observational findings. The systematic review of brain 

development during the first 1,000 days illustrates these limitations, reporting inconsistent 

results across the imaging studies examined [7]. Therefore, the literature supports a clear 

preventive recommendation without suggesting that the outcome of every individual exposure 

can be predicted with certainty.           

Antenatal counseling is a central component of prevention. Information should be clear, 

medically accurate, and delivered without stigmatizing the pregnant woman. Fear-based or 

judgmental communication may discourage disclosure and reduce engagement with prenatal 

services. A more effective clinical approach involves asking about alcohol consumption 

confidentially, explaining the potential consequences, encouraging complete abstinence, and 

offering practical assistance to women who need support to stop drinking. Where dependence is 

suspected, clinical assessment and appropriate specialist management are important, because 

care should address the woman's health as well as fetal well-being [4, 5].     

Another important consideration is the difference between preventing exposure and 

managing its consequences. FASD is preventable by avoiding prenatal alcohol exposure, but 

established neurodevelopmental impairments may require long-term support. Children with 

suspected or confirmed FASD may benefit from individualized developmental assessment, 

educational accommodations, behavioral interventions, family support, and coordination 

between pediatric, psychological, and educational services. Early recognition does not reverse 

all prenatal injury, but it can help families obtain appropriate services and reduce the impact of 

unmet developmental needs [2, 3].          

For Uzbekistan, strengthening routine antenatal screening and preventive counseling 

represents a practical opportunity to improve maternal and child health. The existing antenatal-

care framework provides a basis for identifying alcohol use, documenting relevant history, and 

arranging specialist referral when needed [5]. Further local research could investigate the 

implementation of screening in antenatal clinics, healthcare professionals' knowledge, barriers 

to disclosure, and the accessibility of support services. Such research should use appropriate 
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ethical safeguards and culturally sensitive methods. It should also distinguish the prevalence of 

alcohol exposure from the prevalence of clinically diagnosed FASD, as these are not equivalent 

measures.           

The present review has several limitations. It was designed as a narrative synthesis rather 

than a registered systematic review, and no formal risk-of-bias assessment or meta-analysis was 

performed. The article does not provide original clinical data or a population-specific estimate 

for Uzbekistan. In addition, some proposed molecular mechanisms are supported more strongly 

by experimental evidence than by direct clinical studies in pregnant women. These limitations 

mean that the conclusions should be interpreted as a synthesis of existing evidence and clinical 

guidance, not as proof of the relative contribution of every biological pathway.  

Conclusion and practical recommendations: Alcohol consumption during pregnancy can 

interfere with fetal development through direct cellular toxicity, oxidative stress, disruption of 

developmental signaling, altered placental function, and disturbances in brain maturation. The 

resulting clinical consequences may include pregnancy loss, premature birth, impaired fetal 

growth, congenital abnormalities, and fetal alcohol spectrum disorders. The manifestations of 

prenatal alcohol exposure are highly variable, and significant cognitive or behavioral difficulties 

may become apparent only later in childhood. Therefore, a normal appearance at birth does not 

necessarily exclude subsequent developmental problems.     

Current evidence does not establish a safe amount, type, or period of alcohol consumption 

during pregnancy. Complete abstinence while planning conception and throughout pregnancy is 

the most reliable preventive strategy. Antenatal services should provide clear information, 

confidential screening, non-judgmental counseling, and timely referral for women who require 

assistance to stop drinking. If alcohol exposure has occurred before pregnancy recognition, the 

appropriate response is to discontinue further consumption, seek prenatal care, and discuss the 

exposure with a healthcare professional rather than delay care because of fear or guilt. 

 Practical recommendations include incorporating alcohol-use assessment into routine 

antenatal visits; educating healthcare professionals about the biological mechanisms and clinical 

manifestations of prenatal alcohol exposure; strengthening referral pathways for women who 

experience alcohol dependence; and monitoring fetal growth and child development according 

to clinical indications. Pediatric services should consider prenatal exposure history when 

assessing unexplained developmental, learning, behavioral, or neurological difficulties. When 

FASD is suspected, multidisciplinary evaluation and individualized family support should be 

arranged. At the public-health level, prevention requires coordinated efforts involving 

maternity services, primary healthcare, pediatric professionals, educational institutions, and 

community health programs. Further research in Uzbekistan should evaluate local 

implementation of antenatal screening, barriers to accessing treatment, and approaches to early 

developmental recognition. Overall, combining complete alcohol abstinence during pregnancy, 

supportive antenatal care, early recognition of developmental concerns, and appropriate long-
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term support offers the strongest evidence-based approach to reducing preventable alcohol-

related harm. 
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