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Abstract
Background and aims: Food allergies and metabolic disorders significantly influence oral health, contributing to conditions such as enamel defects, periodontal disease, and xerostomia. This review explores the mechanisms through which immune responses and metabolic imbalances impact oral tissues. 
Material and method: An electronic systematic search of the literature was performed in the PubMed (Medline), Scopus, Web of Science, Cochrane Library, Lilacs, and Gray Literature databases and the reference lists of articles published until November 2024. The data of 56 articles were extracted, and added in this review.
Results: Food allergies impact oral health through oral allergy syndrome (OAS), causing pruritus and edema of the lips, tongue, and throat. Metabolic disorders contribute to enamel hypoplasia, increasing caries risk, reducing salivary flow, and leading to xerostomia. They also exacerbate gingival inflammation, promoting periodontal disease.
Anxiety over allergens may impair oral hygiene and reduce dental visits. Dietary restrictions can cause nutritional deficiencies, weakening teeth and promoting decay. Altered diets and frequent anti-inflammatory drug use may disrupt the oral microbiome, heightening oral health risks.
Conclusions: A comprehensive understanding of the oral health implications of these conditions is essential for early diagnosis and the development of tailored dental management strategies.
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Background and aims
Food allergy occurs when the immune system mistakenly identifies a harmless food protein as a threat, triggering an abnormal immune response. This reaction is typically mediated by immunoglobulin E (IgE), a type of antibody that plays a central role in allergic responses. In IgE-mediated food allergies, the body produces IgE antibodies in response to specific food proteins.[1] When the person consumes the food again, the IgE antibodies bind to the allergen and trigger the release of histamine and other chemicals from mast cells, causing symptoms such as swelling, hives, or even anaphylaxis.[2]
In some cases, food allergies can involve mixed IgE and non-IgE mechanisms. Non-IgE mediated reactions occur without the involvement of IgE antibodies, and they often cause delayed symptoms, such as gastrointestinal distress, which can be harder to diagnose.[3] Additionally, some food allergies may involve other immune system components, like T cells, that contribute to inflammation and allergic responses, making these reactions more complex. Understanding these mechanisms helps in diagnosing and managing food allergies effectively.[4]
Material and method
An electronic systematic search of the literature was performed in the PubMed (Medline), Scopus, Web of Science, Cochrane Library, Lilacs, and Gray Literature databases and the reference lists of articles published until November 2024. 
The initial search retrieved 186 potential articles. After the duplicates were removed, 100 articles remained; the titles and abstracts of these 100 articles were read, resulting in the selection of 56 articles for reading the full text. The data of the included articles were extracted. The articles are cited in the references, and may be accessed for additional information.
Results and Discussion
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1. GENETIC OR INBORN ERRORS OF METABOLISM
Inborn errors of metabolism (IEMs) are genetic disorders caused by enzyme mutations that disrupt metabolic processes. These errors lead to the buildup of toxic metabolites or shortages of essential substances, resulting in various clinical symptoms. IEMs include amino acid disorders, organic acidemias, fatty acid oxidation disorders, and carbohydrate metabolism disorders.[6]
The pathophysiology of IEMs involves metabolic blockages due to deficient or absent enzymes, causing toxic metabolite accumulation.[7] For instance, phenylketonuria (PKU) occurs when phenylalanine hydroxylase is deficient, leading to high phenylalanine levels and potential neurological damage.[8] Similarly, disorders like maple syrup urine disease, caused by an inability to metabolize branched-chain amino acids, result in severe neurological issues.[9]
A. Carbohydrate Metabolism Disorders
Carbohydrate metabolism disorders, caused by genetic, hormonal, or environmental factors, affect the body’s ability to process carbohydrates. These include diabetes mellitus, glycogen storage diseases, and glucose tolerance disorders.[10]
The pathophysiology of these disorders varies: In diabetes, insulin resistance or insufficient insulin production leads to hyperglycemia, influenced by genetics, obesity, and lifestyle. [11] Glycogen storage diseases result from enzyme mutations that cause abnormal glycogen buildup and organ dysfunction.[12] Key metabolic pathways like glycolysis and gluconeogenesis can be disrupted.[13]
DENTAL IMPLICATIONS AND MANAGEMENT
In dental health, carbohydrate metabolism disorders, especially diabetes, increase the risk of caries and periodontal disease. Elevated blood glucose and AGEs worsen tissue damage, promoting periodontitis.[14] A high-sugar diet shifts the oral microbiome, encouraging pathogenic bacteria that contribute to both caries and periodontal issues. Dietary management is essential in mitigating these risks.[15]
B. Protein Metabolism Disorders
Protein metabolism disorders, caused by enzyme deficiencies in amino acid metabolism, lead to the accumulation of toxic metabolites or inability to produce essential proteins.[16] Examples include phenylketonuria (PKU), maple syrup urine disease (MSUD), and urea cycle disorders.[17]
The pathophysiology involves defects in enzymes that process amino acids. For example, PKU results from a phenylalanine hydroxylase deficiency, causing high phenylalanine levels that damage the nervous system.[18] MSUD is caused by a deficiency in an enzyme complex that metabolizes branched-chain amino acids, leading to neurological issues.[19] Urea cycle disorders prevent ammonia conversion to urea, causing dangerous levels of ammonia in the blood.[20]
DENTAL IMPLICATIONS AND MANAGEMENT
Protein metabolism disorders impact oral health, particularly in children. These conditions can lead to enamel hypoplasia, increasing caries risk, and cause reduced saliva production, promoting dry mouth and cavities.[21] Periodontal disease is also common, with metabolic disruptions exacerbating gum inflammation.[22] Restricted diets can lead to nutritional deficiencies, further weakening teeth and promoting decay.[23] Additionally, altered diets and frequent antibiotics can disrupt the oral microbiome, increasing susceptibility to dental issues.[24] A coordinated approach between dentists, specialists, and dietitians is crucial for effective care.
C. Fatty Acid Oxidation Disorders (FAODs)
Fatty Acid Oxidation Disorders (FAODs) are inherited metabolic conditions caused by enzyme deficiencies that impair fatty acid breakdown, leading to their accumulation and various clinical manifestations.[25]
FAODs involve defects in enzymes responsible for converting fatty acids into acetyl-CoA, essential for energy.[26] Common types include MCADD, VLCADD, and LCHADD. These defects cause the buildup of harmful metabolites like acylcarnitine and free fatty acids, triggering metabolic crises during fasting or illness, which can damage organs such as the liver, heart, and muscles.[27]
DENTAL IMPLICATIONS AND MANAGEMENT
FAODs significantly impact oral health due to their effects on overall metabolism. Metabolic crises, dietary restrictions, and altered nutrient intake can increase the risk of dental caries and periodontal disease.[28] Liver dysfunction in some FAODs may lead to vitamin and mineral deficiencies, contributing to enamel hypoplasia and jawbone osteoporosis.[29] FAODs can also disrupt the oral microbiome, increasing the risk of caries and gum disease by promoting dysbiosis and harmful bacterial growth.[30]
D. Glycogen Storage Disorders
Glycogen Storage Disorders (GSDs) are inherited metabolic conditions caused by enzyme deficiencies that affect glycogen synthesis or breakdown, leading to abnormal glycogen accumulation in tissues such as the liver and muscles.[31]
GSDs disrupt glycogen metabolism, with types like GSD-I caused by glucose-6-phosphatase deficiency, preventing glucose conversion and causing glycogen buildup in the liver and kidneys.[32] GSD-III results from a glycogen debranching enzyme deficiency, leading to abnormal glycogen structures.[33] These conditions cause symptoms like hepatomegaly, muscle weakness, and hypoglycemia, especially during fasting or illness.[34]
DENTAL IMPLICATIONS AND MANAGEMENT
GSDs impact oral health, with periodontal disease being a significant issue. GSD Type Ib is associated with increased periodontal inflammation and tissue loss due to neutropenia, accelerating periodontal destruction.[35] The metabolic and immune disruptions in GSDs also worsen oral health, increasing the risk of caries and enamel hypoplasia. Nutritional deficiencies affect tooth development, making dental decay more likely.[36] Dental care for GSD patients requires a multidisciplinary approach, with regular check-ups and preventive care to address the unique needs of each patient based on their specific type of GSD.[37]
	Metabolic Disorder
	Dental Implications
	Management Strategies

	Carbohydrate Metabolism Disorders (e.g., Diabetes)
	- Increased risk of caries and periodontal disease due to elevated blood glucose and AGEs. 
- High-sugar diet shifts the oral microbiome, promoting pathogenic bacteria.
	- Dietary management to reduce sugar intake. 
- Regular dental check-ups for early detection and intervention.

	Protein Metabolism Disorders
	- Enamel hypoplasia, increasing caries risk. 
- Reduced saliva production, leading to dry mouth and cavities. 
- Exacerbation of periodontal disease due to metabolic disruptions. 
- Nutritional deficiencies weakening teeth and increasing decay. 
- Altered diets and antibiotic use disrupting the oral microbiome.
	- Coordination between dentists, specialists, and dietitians for comprehensive care. 
- Saliva substitutes and fluoride treatments to mitigate dry mouth effects.

	Fatty Acid Oxidation Disorders (FAODs)
	- Higher risk of caries and periodontal disease due to metabolic crises and dietary restrictions. 
- Liver dysfunction leading to vitamin and mineral deficiencies, contributing to enamel hypoplasia and jawbone osteoporosis. 
- Disruption of the oral microbiome, promoting dysbiosis and harmful bacterial growth.
	- Nutritional monitoring to prevent deficiencies. 
- Oral probiotics and antimicrobial strategies to maintain a healthy microbiome. 
- Preventive dental care for caries and periodontal disease.

	Glycogen Storage Diseases (GSDs)
	- Periodontal disease, with GSD Type Ib linked to severe inflammation and tissue loss due to neutropenia. 
- Increased risk of caries and enamel hypoplasia due to metabolic and immune disruptions. 
- Nutritional deficiencies affecting tooth development, increasing decay risk.
	- Multidisciplinary approach involving dental professionals and medical specialists. 
- Regular check-ups and preventive care tailored to the specific type of GSD. 
- Supportive periodontal therapy to manage inflammation.



2. FOOD ALLERGIES
Food allergies are immune reactions where the body mistakenly identifies certain food proteins as harmful, triggering IgE antibody production.[38] Subsequent exposure to the food causes these antibodies to bind to mast cells and basophils, releasing histamine and other mediators that lead to allergic symptoms, which can range from mild (hives, gastrointestinal issues) to severe (anaphylaxis).[39]
Food allergies result from genetic and environmental factors. During the initial exposure, the immune system produces IgE antibodies.[40] Upon re-exposure, these antibodies trigger an inflammatory response, involving histamine release, T-cell activation, and cytokine production, contributing to the symptoms.[41]

I. IgE-Mediated Food Allergies
IgE-mediated food allergies occur when the immune system mistakenly identifies certain food proteins as harmful, triggering IgE antibody production.[42] Upon subsequent exposure, these antibodies cause the release of histamine and other inflammatory mediators, leading to symptoms that range from mild to severe anaphylaxis.[43]
The process involves two phases: sensitization, where IgE antibodies are produced after initial exposure, and the effector phase, where re-exposure causes the allergen to cross-link IgE, triggering histamine release and inflammation. This can affect the skin, gastrointestinal, respiratory, and cardiovascular systems.[44]
DENTAL IMPLICATIONS AND MANAGEMENT
It includes oral allergy syndrome (OAS), which causes itching and swelling of the lips, tongue, and throat, as well as nutritional deficiencies from dietary restrictions, affecting oral health.[45] Psychological impacts, such as anxiety over allergen exposure, can influence oral health behaviors, leading to neglect of dental hygiene and visits.[46] Dental professionals should consider these factors in their care plans for comprehensive management of both allergies and oral health.
II. Non-IgE-Mediated Food Allergies
Non-IgE-mediated food allergies involve immune responses that do not rely on IgE antibodies but are instead driven by T-cell activation and delayed reactions.[47] Conditions like food protein-induced enterocolitis syndrome (FPIES), eosinophilic esophagitis (EoE), and allergic proctocolitis are common examples.[48]
Pathophysiology:
These allergies cause localized inflammation, often in the gastrointestinal tract, with delayed symptoms appearing hours or days after exposure.[48] For instance, FPIES leads to gastrointestinal issues, while EoE involves eosinophilic infiltration of the esophagus, resulting in symptoms like dysphagia and food impaction.[48]
DENTAL IMPLICATIONS AND MANAGEMENT:
Oral issues from non-IgE-mediated allergies include oral mucosal lesions, gingivitis, and increased risk of periodontal disease due to chronic inflammation.[49] Nutritional deficiencies (e.g., calcium, vitamin D) from restricted diets can weaken teeth, leading to enamel defects and higher caries risk.[50] Psychological stress from managing these allergies can also affect oral hygiene behaviors.[51]
	Condition
	Dental Implications
	Management Strategies

	IgE-Mediated Food Allergies
	- Oral Allergy Syndrome (OAS) causing itching and swelling of the lips, tongue, and throat. 
- Nutritional deficiencies from dietary restrictions, impacting oral health. 
- Psychological anxiety over allergen exposure, leading to neglect of oral hygiene and dental visits.
	- Dental professionals should incorporate allergy considerations into care plans. 
- Nutritional counseling to address deficiencies. 
- Patient education and psychological support to improve oral hygiene adherence.

	Non-IgE-Mediated Food Allergies
	- Oral mucosal lesions, gingivitis, and increased risk of periodontal disease due to chronic inflammation. 
- Nutritional deficiencies (e.g., calcium, vitamin D) weakening teeth, causing enamel defects and increasing caries risk. 
- Psychological stress affecting oral hygiene behaviors.
	- Anti-inflammatory treatments for oral lesions and gingivitis. 
- Nutritional supplementation to address deficiencies. 
- Psychological support and behavioral interventions to improve oral hygiene.



Conclusions
Paediatric dentists play a critical role in identifying and managing the oral health implications of food allergies and sensitivities. Their responsibilities go beyond routine dental care, incorporating early detection, interprofessional collaboration, tailored treatment approaches, and patient education.[52]
During routine examinations, pediatric dentists may be the first healthcare professionals to identify signs of food allergies or sensitivities. Oral manifestations can include swelling, lesions, or irritation resulting from allergic reactions.[53] In some cases, oral mucosal inflammation may be linked to conditions like eosinophilic esophagitis (EoE).[54] Additionally, modified diets, often high in sugars or acidic foods, can increase the risk of dental caries.
Given the systemic impact of food allergies, pediatric dentists should collaborate closely with allergists and pediatricians to ensure safe dental treatment and dietary compatibility. They should also work with dietitians to provide non-cariogenic dietary guidance for children on restricted diets, such as gluten-free or dairy-free alternatives.[55] Additionally, involving speech therapists and feeding specialists is important when food aversions or dysphagia affect oral and dental development.[56]
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