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Abstract: Dietary patterns are an important modifiable determinant of oral health because the 

frequency, composition, and timing of food and beverage consumption influence the balance 

between demineralization and remineralization at the tooth surface. This review examines the 

relationship between dietary habits, tooth enamel integrity, and the risk of dental caries, with 

particular attention to free sugars, acidic foods and beverages, between-meal snacking, nutrient 

availability, and protective dietary factors. Current evidence indicates that frequent exposure to 

fermentable carbohydrates increases the number and duration of acid challenges generated by 

dental biofilms, while acidic beverages and foods may contribute directly to erosive mineral loss 

through non-bacterial mechanisms. Dietary patterns rich in free sugars, sweetened beverages, and 

frequent processed snacks are therefore associated with a less favorable oral environment, whereas 

balanced diets containing nutrient-dense foods may support mineral homeostasis and general oral 

health. Calcium and phosphate availability, adequate vitamin D status, saliva, and fluoride 

exposure contribute to the maintenance and repair of early enamel mineral loss, although nutrition 

cannot be considered independently of oral hygiene, fluoride exposure, socioeconomic conditions, 

and individual susceptibility. The literature also suggests that reducing the frequency of sugar 

exposure may be particularly important, especially in children and adolescents. Nutritional 

counseling should consequently form part of preventive dental care and should emphasize practical 

reduction of free sugars and acidic drinks rather than relying solely on total caloric intake. Overall, 

dietary modification represents a feasible component of a broader, minimally invasive strategy for 

preserving enamel integrity and reducing caries risk across the life course. 

 

Keywords: tooth enamel; dietary patterns; dental caries; demineralization; remineralization; oral 

health; nutrition. 

 

Introduction 

Dental caries is a widespread, preventable oral disease in which dietary exposure interacts with 

dental biofilm, saliva, fluoride availability, tooth susceptibility, and behavioral and social 

determinants. The World Health Organization identifies free-sugar consumption as a major dietary 

risk factor for caries and recommends reducing free sugars to less than 10% of total energy intake, 

with additional benefit expected at levels below 5%. The continuing availability of sugar-rich 

foods and beverages makes dietary prevention an important part of contemporary dentistry [1]. 

Tooth enamel is a highly mineralized tissue whose structural integrity is essential for protecting 

the underlying dentin and maintaining normal tooth function. Although mature enamel is acellular 

and cannot regenerate in the same way as living tissues, its mineral content can undergo continuous 

cycles of dissolution and repair. When acids produced by bacterial metabolism or supplied directly 
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by acidic foods and beverages lower the local pH, mineral ions can leave the enamel crystal lattice. 

Saliva and fluoride support the subsequent remineralization process. Repeated or prolonged acid 

challenges can shift this balance toward net mineral loss [2]. 

The dietary dimension of this process is more complex than the simple quantity of sugar consumed. 

The frequency of exposure, consumption between meals, prolonged sipping of sweetened drinks, 

bedtime intake, and the physical characteristics of foods can alter the duration and intensity of 

cariogenic challenges. A recent systematic review of children and adolescents found that most 

included studies showed a positive association between sugar consumption and dental caries, and 

that frequency of consumption was consistently important. Earlier systematic reviews likewise 

found a relationship between free-sugar intake and caries, although the magnitude of the 

association is modified by fluoride exposure and other preventive factors [3]. 

Acidic dietary products create a partly distinct pathway of enamel damage. Dental erosion is the 

irreversible loss of dental hard tissue caused by acids of non-bacterial origin. Carbonated 

beverages, fruit-based acidic drinks, and other acidic products can lower the pH at the enamel 

surface and promote mineral dissolution. Evidence in adolescents has consistently implicated 

carbonated beverages and acidic drinks consumed at bedtime among relevant dietary risk factors. 

A systematic review of carbonated soft drinks similarly reported erosive potential and structural 

changes in enamel associated with frequent exposure. 

Nutrients may also influence oral mineral metabolism and the capacity to maintain healthy hard 

tissues. Calcium and phosphate are fundamental to hydroxyapatite stability and are central to 

remineralization. Fluoride enhances resistance to acid dissolution and supports remineralization, 

while vitamin D has a biologically plausible role in mineral metabolism; however, the 

epidemiological relationship between vitamin D status and caries is not completely consistent. 

These factors should therefore be considered as components of overall nutritional adequacy rather 

than as isolated treatments for dental disease [4]. 

Despite substantial evidence connecting dietary behaviors with caries and enamel erosion, dietary 

counseling is not always integrated systematically into preventive dental care. A contemporary 

approach should address both the amount and frequency of free-sugar exposure, the intake of 

acidic products, the overall nutritional quality of the diet, and the patient's age and individual caries 

risk. The objective of this review is to synthesize current evidence on how dietary patterns 

influence tooth enamel integrity and dental caries risk and to identify practical implications for 

preventive dentistry [5]. 

 

Materials and Methods 

This article was prepared as an evidence-based narrative review of scientific literature concerning 

dietary patterns, tooth enamel integrity, dental caries, enamel demineralization and 

remineralization, and dietary erosion. Literature was identified through PubMed/MEDLINE, 

Scopus, Web of Science, Google Scholar, and relevant World Health Organization publications. 

Search concepts included combinations of terms such as “dietary patterns,” “diet,” “free sugars,” 

“sugar consumption,” “dental caries,” “tooth enamel,” “demineralization,” “remineralization,” 

“dental erosion,” “acidic beverages,” “calcium,” “phosphate,” “fluoride,” and “vitamin D.”  

Priority was given to peer-reviewed systematic reviews, meta-analyses, longitudinal studies, and 

authoritative guidelines, particularly publications from 2020–2026. Earlier landmark studies and 

foundational reviews were retained where they provided important evidence for the relationship 

between sugars and caries or the mechanisms of enamel mineral balance. Sources were considered 

relevant when they directly addressed dietary exposure and caries, enamel erosion, mineralization, 

or preventive oral health. Editorials, non-scientific webpages, commercial material, and sources 

without sufficient bibliographic information were excluded from the evidence synthesis. 

Because the article is a literature review, no new patient recruitment, clinical intervention, 

laboratory experiment, or original numerical dataset was performed. Findings were synthesized 
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qualitatively, with attention to consistency of evidence, biological plausibility, methodological 

limitations, and clinical relevance. Particular emphasis was placed on distinguishing bacterial 

caries-related demineralization from non-bacterial erosive processes. 

 

 Results 

The reviewed literature supports a consistent relationship between dietary free sugars and dental 

caries. The biological basis is well established: dental biofilm microorganisms metabolize 

fermentable sugars and produce organic acids, lowering plaque pH and favoring mineral 

dissolution. Repeated exposure limits the time available for saliva-mediated recovery and creates 

recurrent episodes in which demineralization may exceed remineralization. The relationship is not 

determined by sugar alone, because fluoride exposure, plaque control, saliva, tooth morphology, 

and host susceptibility modify the final clinical outcome [6]. 

Evidence increasingly emphasizes consumption frequency. A 2026 systematic review of 37 studies 

involving 59,383 children and adolescents reported that 32 studies identified a statistically 

significant positive association between sugar consumption and dental caries and concluded that 

frequency was consistently associated with caries prevalence and severity. Earlier evidence on 

processed sugar- and starch-containing foods also found that between-meal consumption was 

consistently associated with greater caries experience. These findings support dietary advice that 

focuses not only on reducing total sugar intake but also on reducing repeated exposures, especially 

snacking between meals and habitual sweet drinks [7]. 

Sugar-sweetened beverages are particularly relevant because they can combine high free-sugar 

exposure with prolonged contact and, in many products, low pH. A systematic review and meta-

analysis reported evidence linking sugar-sweetened beverage consumption with adverse oral-

health outcomes including dental caries and erosion. The additional erosive component is 

important because acidic beverages can affect enamel directly, independently of bacterial sugar 

metabolism. 

Dietary acids were consistently identified as a risk factor for erosive tooth wear. A systematic 

review focused on adolescents found that carbonated beverages and acidic drinks consumed at 

bedtime were among the most consistently reported dietary risk factors. Another systematic review 

of carbonated drinks found that many commercial beverages have pH values capable of promoting 

enamel demineralization and that frequent exposure can reduce enamel's physical and mechanical 

properties. The clinical significance depends on concentration, pH, buffering capacity, exposure 

time, temperature, salivary flow, and individual behavior [8]. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www/


24 Journal of Pediatric Medicine and Health Sciences www. grnjournal.us  

Table 1. Dietary Factors, Biological Mechanisms, and Their Effects on Dental Enamel and 

Caries/Erosion Risk. 

Dietary factor Main biological 

mechanism 

Effect on 

enamel 

Potential 

caries/erosio

n risk 

Preventive 

consideratio

n 

Free sugars 

Fermentation by 

plaque bacteria 

produces acids 

Promotes 

mineral 

dissolution 

High caries 

risk with 

repeated 

exposure 

Reduce free 

sugars; limit 

repeated 

exposures 

Sugary beverages 

Sugar exposure 

plus frequent 

sipping; often 

acidic 

Demineralizatio

n and possible 

erosion 

High 

caries/erosio

n risk 

Prefer water; 

avoid 

prolonged 

sipping 

Acidic 

foods/drinks 

Direct non-

bacterial acid 

dissolution 

Surface 

softening and 

mineral loss 

Erosion risk 

Reduce 

frequency; 

avoid 

bedtime 

acidic drinks 

Between-meal 

snacks 

Shortens 

recovery 

intervals between 

acid attacks 

Repeated 

demineralizatio

n 

Increased 

caries risk 

Keep eating 

occasions 

structured 

Calcium/phosphat

e-rich foods 

Provide mineral 

ions supporting 

mineral balance 

Supports 

remineralizatio

n 

Potential 

protective 

role 

Maintain 

adequate 

dietary intake 

Fluoride exposure 

Enhances 

remineralization 

and acid 

resistance 

Improves 

enamel 

resistance 

Reduces 

caries risk 

Use 

evidence-

based 

fluoride 

exposure 

Vitamin D 

adequacy 

Supports 

calcium/phosphat

e metabolism 

Indirect support 

of mineral 

homeostasis 

Possible 

association; 

evidence not 

fully 

consistent 

Maintain 

nutritional 

adequacy 

Calcium and phosphate are essential components of enamel mineral. Reviews of remineralization 

systems indicate that these ions can contribute to the repair of early mineral loss, particularly when 

available together with fluoride. Saliva is a major physiological source of calcium and phosphate 

and also provides buffering and protective proteins. Nevertheless, the protective effect of a 

balanced diet should not be interpreted as a substitute for fluoride toothpaste and effective plaque 

control. 

Vitamin D is relevant to mineral metabolism, but its specific contribution to dental caries remains 

less certain. A recent systematic review and meta-analysis found lower 25-hydroxyvitamin D 

levels among children with early childhood caries, while other reviews have described 

heterogeneous and sometimes controversial associations. This suggests that vitamin D status may 

be one component of caries susceptibility rather than an independent determinant. Nutritional 

adequacy should therefore be considered in the broader context of general health and oral 

preventive care [9]. 

Some dietary behaviors may have protective effects indirectly. Regular intake of water instead of 

sweetened beverages reduces exposure to free sugars and acids. Dairy products can provide 

calcium and phosphate, and chewing sugar-free gum may stimulate salivary flow; a systematic 

review reported a tentative reduction in caries increment with sugar-free chewing gum, although 
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heterogeneity between trials limits certainty. These strategies are best understood as adjuncts rather 

than replacements for brushing with fluoride toothpaste and professional preventive care [10]. 

 

Discussion 

The evidence indicates that dietary patterns influence enamel integrity through several interacting 

pathways. The strongest and most consistently established relationship concerns free sugars and 

dental caries. The modern dietary environment can increase both the amount and frequency of 

exposure through sweetened beverages, packaged snacks, desserts, and frequent eating occasions. 

The 2026 evidence focusing specifically on frequency versus quantity reinforces the clinical 

relevance of reducing repeated sugar exposures, particularly among children and adolescents [11]. 

However, it would be inaccurate to describe caries as a consequence of diet alone. Dental caries is 

a multifactorial biofilm-mediated disease. The cariogenic effect of a dietary pattern depends on 

microbial composition and activity, salivary flow and buffering, fluoride exposure, oral hygiene, 

tooth anatomy, and individual and social determinants. WHO guidance emphasizes that high free-

sugar intake, inadequate fluoride exposure, and insufficient plaque removal interact to increase 

caries risk. Consequently, dietary counseling should be integrated with established preventive 

measures rather than presented as an isolated intervention [12]. 

The distinction between caries and erosion is particularly important. Sugar-driven caries involves 

microbial metabolism and acid production within dental biofilm, whereas erosion is caused by 

direct exposure to non-bacterial acids. A single product can contribute to both pathways. For 

example, a soft drink may contain fermentable sugar that supports bacterial acid production and 

also have a low pH that directly challenges enamel. This dual mechanism helps explain why 

reducing sugary acidic beverages can have a disproportionate preventive value. 

Meal timing and exposure duration deserve attention in clinical counseling. A dietary pattern 

involving frequent small sweet snacks may generate more repeated acid challenges than the same 

amount of sugar consumed during structured meals. Similarly, slowly sipping a sweetened or 

acidic drink extends the time during which the tooth surface is exposed to unfavorable conditions. 

The evidence on frequency supports a practical message: patients should be encouraged to reduce 

unnecessary between-meal sugar exposures and avoid habitual prolonged sipping of acidic or 

sweetened beverages [13]. 

Nutritional quality also matters. Adequate intake of calcium and phosphate contributes to mineral 

homeostasis, while saliva continuously supplies these ions to the tooth surface. Fluoride remains 

central to modern caries prevention because it enhances remineralization and increases resistance 

to acid dissolution. Nutritional interventions should therefore complement fluoride-based 

preventive strategies rather than replace them. 

The role of vitamin D illustrates the need for caution in interpreting nutritional associations. 

Several studies and reviews suggest an association between vitamin D status and caries, 

particularly in early childhood, but the evidence is not uniform and may be affected by age, 

geography, socioeconomic status, diet, oral hygiene, and other confounding factors. It would 

therefore be inappropriate to recommend vitamin D as a specific caries treatment solely on the 

basis of observational associations. The more defensible clinical principle is to support adequate 

overall nutrition and address documented deficiencies according to general medical guidance [14]. 

From a preventive-dentistry perspective, dietary counseling should be individualized. For a patient 

with frequent sugar exposure, the primary target may be reducing the number of daily sugar 

episodes. For a patient with erosive tooth wear, the focus may be acidic beverages, fruit-based 

acids, bedtime intake, and exposure duration. For children, counseling should include caregivers 

because early dietary habits can influence lifetime caries experience. For adolescents, school-based 

and community approaches may be useful because commercial availability and social patterns 

strongly influence beverage and snack choices. 
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This review has limitations. The underlying evidence includes observational studies, systematic 

reviews with heterogeneous methods, and laboratory or in situ investigations for some enamel-

erosion questions. Dietary intake is often measured by self-report, and definitions of frequency, 

serving size, sugar exposure, and caries outcomes vary. Confounding by fluoride exposure, oral 

hygiene, socioeconomic factors, and access to dental care can also affect observed associations. In 

addition, evidence for specific nutrients such as vitamin D is less consistent than evidence for free 

sugars. These limitations reinforce the need for well-designed longitudinal studies using 

standardized dietary and oral-health measures. 

Despite these limitations, the overall clinical message is coherent. Reducing free sugars, especially 

frequent between-meal exposure; limiting sugar-sweetened and acidic beverages; maintaining 

adequate mineral nutrition; and ensuring effective fluoride exposure represent mutually 

reinforcing components of preventive oral health. Dietary counseling is low-cost, adaptable, and 

particularly relevant to minimally invasive dentistry because it addresses disease risk before 

extensive restorative treatment is required [15]. 

 

Conclusion 

Dietary patterns have a substantial influence on tooth enamel integrity and the risk of dental caries. 

The most consistent evidence concerns free sugars, repeated sugar exposure, and sugar-sweetened 

beverages, while acidic foods and drinks contribute an additional pathway of enamel erosion. The 

frequency and duration of exposure are clinically important because repeated acid challenges can 

shift the balance from remineralization toward net mineral loss. Adequate calcium and phosphate 

intake, overall nutritional sufficiency, saliva, and fluoride exposure support enamel maintenance, 

although nutritional factors should not be considered independently of oral hygiene and other 

determinants of oral health. Preventive dental care should therefore incorporate practical dietary 

counseling focused on reducing free sugars and unnecessary between-meal exposures, limiting 

prolonged consumption of acidic beverages, and promoting balanced dietary patterns. Future 

research should use standardized dietary assessments and longitudinal designs to clarify the 

relative importance of sugar quantity, exposure frequency, dietary acids, and specific nutrients 

across different age groups. Integrating nutritional prevention with fluoride use, plaque control, 

and individualized risk assessment can contribute to a more effective minimally invasive approach 

to preserving enamel and reducing the lifelong burden of dental caries. 
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