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I. INTRODUCTION 
Dental caries is one of the most prevalent chronic diseases worldwide and remains a major public health concern across the life 
course.1 Despite substantial advances in preventive dentistry, untreated dental caries continues to affect billions of people and may 
result in pain, infection, tooth loss, and impaired quality of life.2 The burden of dental caries is particularly important in children 
and other vulnerable populations, in whom oral disease may coexist with nutritional, socioeconomic, and environmental 
disadvantages.3, 4 

Dental caries is traditionally understood as a biofilm-mediated, diet-modulated, multifactorial disease resulting from an imbalance 
between demineralization and remineralization of dental hard tissues. Fermentable carbohydrate intake, cariogenic microorganisms, 
salivary conditions, tooth susceptibility, and fluoride exposure are established determinants of this balance.5 However, increasing 
evidence suggests that caries susceptibility cannot be explained solely by local oral factors. Systemic nutritional status may also 
influence the development and progression of caries by affecting tooth development and mineralization, the availability of calcium 
and phosphate, salivary and immune functions, and the ecological characteristics of the oral microbiota.6-8 
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ABSTRACT 
Dental caries remains a common chronic disease worldwide, and its 
development is influenced by a complex interplay of oral, dietary, and host-
related factors. This narrative review summarizes current evidence on the 
potential role of micronutrients in dental caries prevention, with emphasis on 
their biological relevance and clinical evidence. Vitamin D has been the most 
extensively studied micronutrient and may influence caries susceptibility 
through calcium and phosphate homeostasis, dental mineralization, and immune 
regulation. However, although observational studies frequently report an 
inverse association between vitamin D status and caries, findings from 
randomized controlled trials and Mendelian randomization studies remain 
inconsistent. Calcium and phosphorus are essential for the formation and 
maintenance of mineralized dental tissues, while zinc and magnesium may 
contribute to mineralization and resistance to demineralization. Vitamins A, E, 
and K and other trace elements may also have roles in maintaining oral health, 
although evidence supporting their specific effects on dental caries is more 
limited. Differences in study populations, nutritional assessment, caries 
outcomes, and study design make comparisons across studies challenging. 
Micronutrient status may be an important component of the biological context 
underlying dental caries, but current evidence does not support micronutrient 
supplementation as a replacement for established preventive measures. Further 
well-designed clinical studies are needed to clarify the effects of individual and 
combined micronutrients and to determine which populations may benefit most 
from targeted nutritional interventions.  
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Nutrition is therefore increasingly recognized as an important component of the oral-systemic interface. Vitamins and minerals are 
essential for the formation, maturation, and maintenance of mineralized dental tissues. Among these micronutrients, vitamin D has 
received particular attention because of its potential roles in calcium homeostasis, enamel mineralization, and immune modulation.9-

12 Calcium and phosphorus are fundamental components of dental hard tissues, while zinc, magnesium, and other trace elements 
may influence mineralization processes and the resistance of dental tissues to demineralization.13-17 Nevertheless, the strength of 
evidence varies considerably among individual micronutrients, with observational associations not always being supported by 
randomized controlled trials or other approaches to causal inference.18-20 

This narrative review synthesizes current evidence on the role of micronutrients in dental caries prevention. Particular emphasis is 
placed on their biological mechanisms and clinical evidence, including their potential effects on dental tissue mineralization and 
remineralization, mineral homeostasis, and host-related pathways. The review also considers the consistency and limitations of 
current evidence to clarify the potential role of nutritional strategies as complementary approaches to established caries prevention. 

II. VITAMIN D 
Vitamin D is the micronutrient most extensively investigated in relation to dental caries. Its potential role in caries prevention is 
biologically plausible because vitamin D contributes to calcium and phosphate homeostasis, mineralization of dental tissues, and 
regulation of innate immune responses.11, 21 Adequate vitamin D status may therefore influence caries susceptibility through both 
systemic effects on mineral metabolism and local effects on host defence. 

The relationship between vitamin D and dental caries has been examined extensively in observational studies. Lower vitamin D 
status, particularly lower circulating 25-hydroxyvitamin D concentrations, has frequently been associated with greater caries risk in 
children and adolescents.9, 10 A cross-sectional study among US children and youth reported a protective association between vitamin 
D status and dental caries, while studies using the Cariogram model have similarly suggested differences in caries risk according to 
vitamin D deficiency.9, 10 Prenatal vitamin D status has also attracted attention, with systematic review evidence suggesting an 
association between maternal vitamin D deficiency and caries in offspring.22 

Several mechanisms may explain these observations. Vitamin D facilitates intestinal calcium absorption and thereby contributes to 
mineral availability during tooth development.9, 10, 21 In addition, vitamin D has immunomodulatory effects that may be relevant to 
the oral environment. Vitamin D signaling can regulate antimicrobial peptides, including cathelicidin LL-37 and defensins, and may 
influence inflammatory responses.11, 12, 23, 24 Evidence from children with dental caries has suggested an association between vitamin 
D status and salivary cathelicidin levels, supporting the possibility that vitamin D may contribute to local antimicrobial defense.23 

Despite this biological plausibility and the consistency of some observational findings, evidence from intervention and causal studies 
remains less conclusive. A systematic review and meta-analysis of controlled clinical trials reported a potentially protective effect 
of vitamin D against dental caries, with a relative-rate estimate of approximately 0.53, but the certainty of evidence was limited by 
heterogeneity and potential bias.18 Another systematic review and meta-analysis focusing on early childhood caries similarly 
identified an association between vitamin D and caries, although considerable variation existed among the included studies.25 

Importantly, randomized controlled trials and Mendelian randomization studies have not consistently supported a causal preventive 
effect. An umbrella review of vitamin D and multiple health outcomes found discrepancies between observational and randomized 
evidence.19 A Mendelian randomization analysis of circulating vitamin D concentrations also did not provide strong evidence for a 
causal association with dental caries.26 Similarly, analyses of prenatal, perinatal, and early-childhood vitamin D status have produced 
complex findings.27 A further Mendelian randomization study examining the causal association between 25-hydroxyvitamin D and 
caries also failed to establish a clear causal relationship, while a systematic review and meta-analysis of serum vitamin D levels and 
caries risk highlighted substantial heterogeneity across observational studies.20, 28 

III.  VITAMIN A, E, AND K 
Although vitamin D has received substantially greater attention, other fat-soluble vitamins may also contribute to oral health. 
Epidemiological evidence suggests that higher intake of vitamins A, E, and K may be associated with lower dental caries prevalence, 
particularly among children and adolescents.9, 10, 29 However, the evidence base for these vitamins is considerably smaller than that 
for vitamin D. 

Vitamin A has important roles in epithelial integrity and tissue development and may therefore contribute indirectly to maintaining 
oral health. Vitamin E, through its antioxidant properties, may influence oxidative stress and salivary function, while vitamin K is 
involved in bone and mineral metabolism. 9, 10, 29 These biological roles provide plausible pathways through which inadequate intake 
might influence susceptibility to oral disease. However, direct evidence linking supplementation of vitamins A, E, or K with reduced 
dental caries incidence remains limited. Current evidence is primarily derived from observational associations rather than well-
designed intervention studies.9, 10, 29 Consequently, these vitamins should be considered components of adequate overall nutrition 
rather than established independent preventive agents for dental caries. 
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The broader relationship between nutrition and dental caries further supports this interpretation. Nutritional status reflects multiple 
interacting dietary and metabolic factors, making it difficult to attribute caries risk to a single vitamin in isolation.30 Future research 
should therefore evaluate these vitamins alongside dietary patterns and other nutritional determinants rather than relying exclusively 
on isolated nutrient exposure. 

IV.  CALCIUM AND PHOSPHORUS 
Calcium and phosphorus are fundamental micronutrients for the formation and maintenance of mineralized dental tissues. Enamel 
and dentin contain high concentrations of calcium and phosphate within hydroxyapatite crystals, making adequate availability of 
these minerals essential for normal tooth development and mineral homeostasis.13, 14, 31, 32 Deficiencies or inadequate availability of 
calcium and phosphorus may increase susceptibility to dental caries by compromising mineralization and reducing the capacity of 
dental tissues to withstand acid-mediated mineral loss. Evidence from maternal nutrition research has suggested that calcium 
supplementation during pregnancy may influence the subsequent caries experience of offspring. A follow-up of a randomized 
controlled trial found an association between maternal calcium supplementation and dental caries outcomes in children at 12 years 
of age.13  

The biological importance of calcium and phosphorus extends beyond tooth development. The availability of these minerals at the 
tooth surface is critical to the dynamic balance between demineralization and remineralization. When calcium and phosphate 
concentrations are sufficient, the oral environment can support mineral deposition and repair of early enamel lesions.13, 14, 31, 32 
Conversely, repeated acid exposure can drive mineral loss when mineral availability is insufficient. 

An important aspect of this evidence is the distinction between systemic nutritional adequacy and topical mineral delivery. Milk-
derived casein phosphopeptides (CPP) can stabilize amorphous calcium phosphate (ACP), forming CPP-ACP complexes that 
maintain calcium and phosphate in a bioavailable state at the tooth surface.13, 14, 31, 32 These complexes can enhance remineralization 
and inhibit demineralization by maintaining supersaturation with respect to enamel mineral. Although CPP-ACP itself is a bioactive 
peptide-mineral complex rather than a micronutrient, its evidence provides mechanistic support for the importance of calcium and 
phosphate availability in caries prevention. 

Research into biomimetic remineralization has further expanded this concept. Calcium- and magnesium-containing systems have 
been investigated for their ability to stabilize amorphous mineral precursors and promote mineral deposition in damaged dental 
tissues.33 These developments suggest that future nutritional and preventive approaches may increasingly focus not only on the 
quantity of minerals available but also on their physicochemical form and ability to participate in controlled mineralization. 

Overall, calcium and phosphorus have stronger mechanistic support than many other micronutrients in relation to dental caries. 
Nevertheless, the clinical effectiveness of systemic supplementation depends on baseline nutritional status, developmental stage, 
dietary context, and the route through which minerals are delivered. Adequate dietary intake should therefore be regarded as part of 
maintaining normal dental development, while topical remineralization approaches may provide additional local benefits. 

V.  ZINC 
Zinc is a trace element that may influence dental caries through effects on mineralization, bacterial metabolism, and the 
physicochemical properties of dental hard tissues.15-17, 34 Zinc is incorporated into mineralized tissues and may interact with calcium 
and phosphate during hydroxyapatite formation. Experimental and mechanistic evidence suggests that zinc can modify the 
crystallization and stability of dental mineral. Zinc incorporation into hydroxyapatite may increase resistance to demineralization, 
while zinc can also influence calcium and magnesium bioavailability.13, 14, 31, 32 More recent experimental work indicates that trace 
zinc can affect amorphous calcium phosphate crystallization, suggesting a potential role in regulating the transition from precursor 
phases to more stable mineral structures.16 Zinc may also affect bacterial activity. Its ability to interfere with bacterial metabolism 
provides a possible additional mechanism through which adequate zinc status could influence caries susceptibility.15 However, the 
relationship between zinc exposure and caries is complex and may depend on concentration, chemical form, and the broader mineral 
environment. 

Current evidence is predominantly mechanistic and observational rather than derived from large randomized clinical trials. 
Therefore, while zinc has biologically plausible anticariogenic properties, evidence remains insufficient to establish zinc 
supplementation as an independent strategy for caries prevention. Its importance may instead lie in maintaining adequate trace-
element status as part of overall nutritional health. 

VI.  MAGNESIUM 
Magnesium is another mineral involved in dental mineralization and may influence the formation and stability of mineral 
precursors.16, 33 Its biological role is particularly relevant to biomimetic mineralization because magnesium can interact with 
amorphous calcium phosphate and influence mineralization kinetics. The incorporation and stabilization of magnesium within 
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mineral phases may help regulate crystal growth and contribute to the formation of dental tissues with appropriate structural 
characteristics.16, 33  Recent research into biomimetic mineralization has highlighted magnesium-containing systems as potential 
approaches for promoting repair of demineralized dental tissues.33 

Evidence concerning magnesium and caries prevalence is less extensive than that for calcium, phosphorus, or vitamin D. Available 
research largely focuses on mineralization mechanisms and experimental models rather than clinical supplementation trials. 
Consequently, although magnesium is biologically relevant to dental mineralization, its independent contribution to caries 
prevention remains to be established. The potential role of magnesium may nevertheless become increasingly important as research 
moves toward biomimetic approaches that reproduce the physicochemical processes involved in natural enamel and dentin 
mineralization35.33, 36-38 

VII.  OTHER TRACE ELEMENTS 
Several additional trace elements have been investigated in relation to dental caries, including strontium, boron, molybdenum, and 
other inorganic elements.17, 34 These elements may influence mineralization, enamel resistance, and the local chemical environment 
of dental tissues. Evidence from population studies has demonstrated associations between elemental composition and caries 
prevalence. Studies examining multiple inorganic elements in teeth have identified differences in elemental profiles according to 
caries status.34 Strontium exposure has been associated with lower caries risk in some populations, whereas exposure to potentially 
toxic elements such as lead has been associated with increased susceptibility.35 

However, interpretation of these findings is complicated by environmental exposure and socioeconomic factors. Trace-element 
exposure may vary according to drinking water, geographic location, occupation, environmental contamination, and dietary patterns. 
These factors can simultaneously influence oral health and nutritional status, making causal interpretation challenging.17, 34, 35, 39 The 
role of trace elements should therefore be considered within the broader context of mineral homeostasis and environmental exposure. 
Current evidence supports their biological relevance but does not provide sufficient evidence for routine supplementation as a caries-
prevention strategy. 

VII.  CURRENT EVIDENCE, LIMITATIONS, AND FUTURE DIRECTIONS 
Although micronutrients have biologically plausible roles in dental caries prevention, the overall evidence base remains 
heterogeneous. The strongest evidence concerns the fundamental roles of calcium, phosphorus, and vitamin D in mineral 
homeostasis and dental tissue development, but the strength of evidence for clinical caries prevention varies considerably among 
individual nutrients.13, 18, 29 

One of the major challenges is the substantial variation in study design, nutritional assessment, diagnostic criteria, and caries 
outcomes. These methodological differences make direct comparison between studies difficult and may contribute to inconsistent 
findings, particularly for vitamin D.18, 20, 28, 40 In addition, many studies rely on observational data, in which nutritional status may 
be closely associated with socioeconomic circumstances, dietary patterns, general health, and access to dental care.39 Another 
limitation is the predominance of research in children. Although childhood represents an important period for tooth development 
and caries prevention, evidence among adults and other vulnerable populations remains less comprehensive.29 Nutritional 
requirements and the mechanisms linking micronutrient status to caries may also differ across the life course. 

Future research should prioritize well-designed longitudinal and randomized controlled trials with standardized definitions of 
nutritional status and dental caries outcomes.18, 41 Dietary assessment should ideally be combined with biochemical measurements 
to distinguish reported intake from actual physiological status.42, 43 Adequate sample sizes, appropriate control groups, and longer 
follow-up periods are also necessary to determine whether correction of micronutrient deficiencies translates into clinically 
meaningful reductions in caries incidence. 

An additional priority is the investigation of interactions among micronutrients. Most existing studies focus on individual nutrients, 
whereas mineralization and immune function depend on interconnected nutritional pathways.30 Calcium, phosphorus, vitamin D, 
magnesium, and trace elements may therefore exert effects that cannot be fully understood when considered independently. Genetic 
and molecular factors may further explain differences in individual susceptibility. Genetic variation affecting calcium and 
phosphorus homeostasis, enamel formation, and mineralization-regulating pathways may influence caries risk.44-47 Integration of 
these factors with nutritional and metabolic assessments could contribute to more individualized prevention strategies. 

Emerging technologies may facilitate this transition. Salivary biomarkers, proteomic analyses, microbiome profiling, and artificial 
intelligence-based diagnostic approaches may improve early identification of individuals at elevated caries risk.48-50 Although these 
technologies are not micronutrients themselves, their integration with nutritional assessment could provide a more comprehensive 
understanding of how micronutrient status interacts with biological susceptibility. 

Importantly, nutritional strategies should remain complementary to established preventive measures. Fluoride continues to have the 
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strongest evidence base for caries prevention through its ability to promote remineralization and inhibit demineralization.51-53 
Ensuring adequate micronutrient status should therefore be viewed as part of comprehensive oral and systemic health rather than as 
a substitute for fluoride-based prevention. 

VIII.  CONCLUSION 
Micronutrients may contribute to dental caries prevention through their roles in dental tissue development, mineral homeostasis, 
remineralization, and host defense. Vitamin D has received the greatest attention, although evidence regarding its protective effect 
remains inconsistent, while calcium and phosphorus have important roles in maintaining dental mineralization. Zinc, magnesium, 
vitamins A, E, and K, and other trace elements may also contribute to oral health, but current evidence remains more limited. 
Overall, adequate micronutrient status should be considered an important component of comprehensive oral health and caries 
prevention, rather than a replacement for established preventive measures. Further well-designed clinical studies are needed to 
clarify the independent and combined effects of micronutrients and to identify populations that may benefit most from targeted 
nutritional interventions. 
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