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Background: Vitamin D plays an important role in tooth mineralization;
however, evidence regarding its association with enamel hypomineralization,
particularly molar—incisor hypomineralization (MIH), remains inconsistent.
Objective: This systematic review aimed to evaluate the association between
vitamin D exposure and enamel hypomineralization in children and to explore
potential modifying factors contributing to conflicting findings.
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1. INTRODUCTION

Tooth hypomineralization is a developmental dental disorder characterized by defects in enamel mineralization, resulting in porous,
delicate enamel with changed translucency and heightened vulnerability to post-eruptive decay.' Molar-incisor hypomineralization
(MIH) is one of these disorders that has drawn the most attention because of its high frequency and substantial effects on oral health,
such as dental hypersensitivity, a greater risk of cavities, difficulties with restorations, and a lower quality of life for children who
are affected.”*

The development of enamel is a highly regulated biological process that can be disrupted by systemic factors acting during prenatal,
perinatal, or early postnatal life.> Current evidence suggests that tooth hypomineralization has a multifactorial origin, involving a
complex interaction between genetic susceptibility and environmental exposures.® Systemic illnesses, medication use, and
nutritional status during critical periods of amelogenesis have all been proposed as potential contributing factors.®® However, the
relative contribution of specific nutritional components remains incompletely understood.
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Vitamin D is an essential nutrient involved in calcium and phosphate metabolism and plays a fundamental role in skeletal and dental
mineralization.® Vitamin D has been shown to influence the activity of ameloblasts and the regulation of mineral deposition in
developing enamel.!? Inadequate vitamin D intake or deficiency during pregnancy and early childhood may therefore interfere with
normal enamel formation, potentially predisposing children to hypomineralized enamel defects.!!-!3

In recent years, several epidemiological studies have examined the relationship between vitamin D exposure, either through dietary
intake, supplementation, or serum levels, and the occurrence of tooth hypomineralization in children.'* While some studies report
an increased risk of MIH or other enamel defects associated with low vitamin D status,>!7 others have found no associations.'®
Differences in study design, timing of vitamin D assessment, outcome definitions, and control of confounding factors may partly
explain these inconsistencies.

A comprehensive evaluation of existing studies is needed to clarify the strength and consistency of this association and to identify
gaps in current knowledge. Therefore, the objective of this systematic review is to critically assess and summarize the available
evidence on the relationship between vitamin D intake or status, during prenatal and/or early childhood periods, and the development
of tooth hypomineralization, including molar—incisor hypomineralization, in children.

II. METHOD

Study Design and Reporting Guideline

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines. The review protocol was developed a priori to define the research question, eligibility criteria, search
strategy, and methods for study selection and data synthesis.

Eligibility Criteria

Studies published between 2015 and 2025 were included if they were original research articles with observational (cohort, case—
control, or cross-sectional) or interventional study designs, involved children as the study population, assessed vitamin D exposure
including dietary intake, supplementation, or serum vitamin D levels (e.g., 25-hydroxyvitamin D), reported outcomes related to
tooth hypomineralization such as MIH or other developmental enamel defects, were published in peer-reviewed journals, and were
available in full-text format.

Studies were excluded if they were case reports, case series, reviews, editorials, letters, conference abstracts, or expert opinions;
involved animal or in vitro experiments; or were published in languages other than English.

Information Sources and Search Strategy

A comprehensive literature search was performed in electronic databases including PubMed and Scopus from inception until the
date of the final search. The search strategy combined controlled vocabulary (MeSH terms) and free-text keywords related to vitamin
D and tooth hypomineralization. Boolean operators (AND, OR) were used to optimize sensitivity. Reference lists of included studies
were manually screened to identify additional relevant articles.

A representative search strategy was as follows:
“vitamin D” OR “vitamin D intake” OR “vitamin D deficiency” OR “25-hydroxyvitamin D”) AND (hypomineralization OR
“enamel hypomineralization” OR “molar incisor hypomineralization” OR MIH OR “developmental defects of enamel”

Study Selection

All records identified through the database searches were imported into a reference management software, and duplicates were
removed. Two reviewers independently screened titles and abstracts to identify potentially eligible studies. Full-text articles were
then assessed for inclusion based on the predefined eligibility criteria. Any disagreements between reviewers were resolved through
discussion or consultation with a third reviewer.

Data Extraction
Data extracted from each included study comprised the author and year of publication, study design, characteristics of the study
population, and main findings.

III. RESULTS

As shown in Figure 1, the database search identified a total of 119 records, comprising 51 records from PubMed and 68 records
from Scopus. After the removal of 39 duplicate records, 80 records remained for title and abstract screening. During the screening
process, 39 records were excluded because they did not meet the eligibility criteria. Forty-one full-text articles were assessed for
eligibility and 35 articles were excluded due to reasons such as irrelevance to the research question, insufficient assessment of
vitamin D exposure, or lack of appropriate outcome measures related to tooth hypomineralization. Finally, 6 studies met all inclusion
criteria and were included in the final qualitative synthesis.
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Based on Table 1, six studies examining the relationship between vitamin D, diet, and enamel or tooth mineralization outcomes in
children were included, encompassing cross-sectional, cohort, and case—control designs with sample sizes ranging from 101 to 1,241
children aged approximately 4-18 years. The findings were heterogeneous. Two studies reported a potential protective role of
vitamin D, showing that higher serum 25(OH)D levels or early-life vitamin D supplementation were associated with reduced odds
of molar—incisor hypomineralization (MIH) and fewer caries-related restorations, particularly in the primary dentition. In contrast,
three studies found no statistically significant associations between serum or maternal vitamin D status and the prevalence or severity
of MIH or dental caries after adjustment for confounders, despite descriptive trends suggesting higher defect prevalence among
children with lower vitamin D levels in some analyses. One study focusing on broader dietary factors demonstrated that enamel
hypoplasia was significantly associated with high sugar consumption and vitamin D deficiency, while adequate calcium intake
appeared protective.
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Figure 1. PRISMA flow diagram of literature search and study selection
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Table 1: Overview of the Included Studies

No. | Author Title Study Design Population Main Findings
Characteristics
1 Kiihnisch et | Elevated serum 25(OH)- | Cross-sectional | 1,048 children aged | Higher serum 25(OH)D
al. (2015)% vitamin D levels are | study approximately 10 years | concentrations were
negatively correlated from the German | significantly associated with a
with molar-incisor GINIplus and LISAplus | lower likelihood of MIH. Each
hypomineralization birth cohorts; serum | 10 nmol/L increase in 25(OH)D
25(OH)D levels | was associated with reduced
measured at age 10; | odds of MIH after adjustment for
MIH assessed | demographic and socioeconomic
according to EAPD | confounders. Elevated vitamin D
criteria; caries recorded | levels were also associated with
using surface-based | fewer caries-affected permanent
DMF indices teeth, suggesting a protective
relationship between vitamin D
status and dental health.
2 Kiihnisch et | Fluoride/vitamin D tablet | Cohort study 406 children examined | Continuous fluoride and vitamin
al. (2016)"7 supplementation in at 10 years of age with | D supplementation throughout
infants—effects on data on fluoride and/or | the first year of life was
dental health after 10 vitamin D | associated with a significantly
years supplementation during | lower risk of caries-related
the first year of life | restorations in the primary
recorded monthly | dentition. No significant
through parental | association was found between
questionnaires supplementation and caries in
permanent  teeth or  the
occurrence of MIH.
3 Dogusal et | Evaluation of Serum | Case—control 455 children aged 6-18 | No significant association was
al., 20212° 25(OH)D Levels in | study years attending | found between serum 25(OH)D
Obese and Normal- pediatric endocrinology | levels and dental caries or MIH
Weight Children with and pediatric dentistry | in either age group. Obese
Carious and clinics; included obese | children were not at increased
Hypomineralized Teeth and age- and sex- | risk for caries or MIH compared
matched normal-weight | with normal-weight children.
children; all had fully | Serum vitamin D status did not
erupted first permanent | significantly influence caries
molars and incisors indices or MIH prevalence.
4 Mortensen et | Vitamin D status and | Cohort study 1,241 children aged | Maternal and cord blood serum
al., 2022'% tooth enamel approximately 4 years | 25(OH)D concentrations were
hypomineralization are from the Odense Child | not associated with
not associated in 4-y-old Cohort with available | hypomineralization of second
children: An Odense data on maternal serum | primary molars in 4-year-old
Child Cohort study 25(OH)D in early and | children, regardless of vitamin D
late pregnancy and cord | categorization or lesion severity.
blood; generally | Shorter gestational age and
healthy mothers and | higher maternal education were
children identified as independent risk
factors for hypomineralization of
second primary molars.
5 Bersting et | The association between | Cross-sectional | 101 Norwegian | Although children with

al., 202415

serum vitamin D status
and dental caries or molar
incisor

hypomineralisation in 7—

study

children aged 7-9 years
with available serum
25(0OH)D

measurements assessed

insufficient serum vitamin D
levels (<50 nmol/L) showed a
higher prevalence and number of
teeth affected by dental caries
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9-year-old  Norwegian by LC-MS/MS and | and MIH in descriptive analyses,
children: a Cross- standardized oral | no  statistically  significant
sectional study examinations associations were  observed

between vitamin D status and
either caries or MIH prevalence
or severity after adjustment for
confounders.

6 Meena et al., | Assessing the Impact of | Cross-sectional | 200 children aged 612 | Enamel hypoplasia was present
202416 Diet on Enamel | study years from urban and | in 36% of children. High sugar
Hypoplasia in Children rural schools; dietary | consumption was significantly

intake assessed via | associated ~ with  increased

questionnaires; enamel | enamel hypoplasia (OR = 2.8; P

hypoplasia  evaluated | < 0.001). Adequate calcium

using Modified DDE | intake showed a protective

Index effect, while vitamin D

deficiency was significantly

correlated with enamel

hypoplasia (P < 0.01).

IV. DISCUSSION

Vitamin D plays a fundamental role in enamel formation through its regulation of calcium and phosphate homeostasis, which are
essential for proper mineral deposition during amelogenesis.?! The active form of vitamin D, 1,25-dihydroxyvitamin D, influences
mineral metabolism by enhancing intestinal absorption of calcium and phosphate and by acting on vitamin D receptors expressed
in ameloblasts and odontoblasts.??2* Disruptions in vitamin D availability during critical periods of tooth development, particularly
prenatal life and early childhood, may therefore interfere with enamel matrix maturation and mineralization, potentially resulting in
hypomineralized enamel.?* This biological plausibility supports the hypothesis that inadequate vitamin D status could contribute to
developmental enamel defects such as MIH and other forms of enamel hypomineralization.

Despite this mechanistic rationale, findings across epidemiological studies remain inconsistent. Some investigations have reported
inverse associations between serum 25-hydroxyvitamin D concentrations and MIH prevalence, suggesting a protective effect of
higher vitamin D levels,'® 7> 1% while others have failed to demonstrate significant associations.'> '3 2 These discrepancies may
partly be explained by differences in the timing of vitamin D exposure assessment. Enamel development spans prenatal and early
postnatal periods,?® yet many studies measure vitamin D status at a single time point later in childhood, which may not accurately
reflect exposure during critical windows of amelogenesis. Consequently, misclassification of relevant vitamin D exposure may
attenuate observed associations.

Methodological heterogeneity across studies also contributes to conflicting results. Variations in study design, sample size, age of
participants, and diagnostic criteria for MIH or enamel hypomineralization can influence outcome estimates. In addition, different
laboratory methods for measuring serum 25(OH)D, including immunoassays versus liquid chromatography—tandem mass
spectrometry, may yield non-comparable vitamin D concentrations.?® Residual confounding further complicates interpretation, as
factors such as gestational age, childhood illnesses, socioeconomic status, dietary calcium intake, and fluoride exposure are variably
controlled across studies and may independently affect enamel mineralization.?’

Another potential explanation for inconsistent findings is that vitamin D may not act in isolation but rather as part of a complex
nutritional and environmental network influencing enamel development. Adequate calcium intake appears to be a critical modifier
of vitamin D action, as vitamin D—mediated mineral absorption is ineffective in the presence of insufficient dietary calcium.?®
Furthermore, high sugar consumption, systemic inflammation, and early-life stressors may exacerbate enamel vulnerability
regardless of vitamin D status.?- 3 This interaction-based perspective may explain why some studies observe associations only in
specific subgroups or populations with concurrent nutritional deficiencies or adverse environmental exposures.

Future research should prioritize well-designed longitudinal studies with repeated assessments of vitamin D status during key
developmental periods, including pregnancy, infancy, and early childhood. Standardized diagnostic criteria for MIH and enamel
hypomineralization, along with uniform laboratory methods for vitamin D measurement, are essential to improve comparability
across studies. Additionally, future investigations should adopt a multifactorial approach by simultaneously evaluating vitamin D,
calcium intake, dietary patterns, and perinatal factors. Such comprehensive models are likely to provide a clearer understanding of
the role of vitamin D within the broader etiological framework of enamel hypomineralization and inform effective preventive
strategies.

DOI URL: https://doi.org/10.55677/1JMSPR/2026-3050-1202 pg. 54


https://doi.org/10.55677/IJMSPR/2026-3050-I202

Rafisa (2026), International Journal of Medical Science and Pharmaceutical Research 3(2):50-56

V. CONCLUSION

Current evidence does not consistently support a direct association between vitamin D status and enamel hypomineralization in
children. Although vitamin D is biologically important for enamel mineralization, its effect appears to be influenced by timing of
exposure, study methodology, and interacting factors such as calcium intake and overall diet. Enamel hypomineralization is likely
multifactorial, and future longitudinal studies with standardized assessments are needed to better define the role of vitamin D within
this complex process.

VI. ACKNOWLEDGMENTS
The authors would like to thank all researchers whose work was included in this review.

VII. DISCLOSURE
The author reports no conflicts of interest in this work.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Albalooshy AM. A step-by-step approach from diagnosing to managing hypomineralized teeth: A narrative review. Saudi
Journal for Health Sciences. 2025;14(2):120-38. doi: 10.4103/sjhs.sjhs 156 _24.

Gaballah R, Amend S, Fresen KF, Schill H, Michel R, Pitchika V, et al. Hypersensitivity associated with molar-incisor
hypomineralisation (MIH) among elementary schoolchildren in Bavaria, Germany: results from a cross-sectional study. Eur
Arch Paediatr Dent. 2025;26(5):987-96. doi: 10.1007/s40368-025-01054-1.

Garot E, Vieira AR, Manton DJ. Molar Incisor Hypomineralisation as a Dental Caries Risk Factor - Is It True? Monographs
in oral science. 2024;32:166-72. doi: 10.1159/000538885.

Al-Nerabieah Z, AlKhouli M, Dashash M. Navigating the Complexities of Molar Incisor Hypomineralization: Challenges
and Strategies in Pediatric Dentistry. International journal of dentistry. 2025;2025:9329492. doi: 10.1155/ij0d/9329492.
Neto MBC, Silva-Souza KPD, Maranhdo VF, Botelho KVG, Heimer MV, Dos Santos-Junior VE. Enamel Defects in
Deciduous Dentition and Their Association with the Occurrence of Adverse Effects from Pregnancy to Early Childhood.
Oral health & preventive dentistry. 2020;18(4):741-6. doi: 10.3290/j.0hpd.a45077.

Alrehaili R, Khalil A, Mergami J, Koriri A, Yamani N, Albayat S, et al. Current Knowledge of the Etiology and Management
of Molar Incisor Hypomineralization in Children: A Narrative Review. Cureus. 2024;16(11):¢74770. doi:
10.7759/cureus.74770.

Wright JT. Enamel Phenotypes: Genetic and Environmental Determinants. Genes. 2023;14(3). doi: 10.3390/genes14030545.
Vieira AR, Kup E. On the Etiology of Molar-Incisor Hypomineralization. Caries Res. 2016;50(2):166-9. doi:
10.1159/000445128.

Charoenngam N, Shirvani A, Holick MF. Vitamin D for skeletal and non-skeletal health: What we should know. Journal of
clinical orthopaedics and trauma. 2019;10(6):1082-93. doi: 10.1016/j.jc0t.2019.07.004.

Grundmann J, Hertel S, Hannig C, Woelber JP. Vitamin D - a forgotten preventive agent against caries? A narrative review.
Clin Oral Investig. 2025;29(12):595. doi: 10.1007/s00784-025-06605-w.

van der Tas JT, Elfrink MEC, Heijboer AC, Rivadeneira F, Jaddoe VWV, Tiemeier H, et al. Foetal, neonatal and child
vitamin D status and enamel hypomineralization. Community Dent Oral Epidemiol. 2018;46(4):343-51. doi:
10.1111/cdoe.12372.

Dura-Travé T, Gallinas-Victoriano F. Dental caries in children and vitamin D deficiency: a narrative review. Eur J Pediatr.
2024;183(2):523-8. doi: 10.1007/s00431-023-05331-3.

Reed SG, Voronca D, Wingate JS, Murali M, Lawson AB, Hulsey TC, et al. Prenatal vitamin D and enamel hypoplasia in
human primary maxillary central incisors: a pilot study. Pediatric dental journal : international journal of Japanese Society
of Pediatric Dentistry. 2017;27(1):21-8. doi: 10.1016/j.pdj.2016.08.001.

Li Z, Wei X, Shao Z, Liu H, Bai S. Correlation between vitamin D levels in serum and the risk of dental caries in children:
a systematic review and meta-analysis. BMC Oral Health. 2023;23(1):768. doi: 10.1186/512903-023-03422-z.

Barsting T, Fagerhaug TN, Schuller A, Van Dommelen P, Stafne SN, Merkved S, et al. The association between serum
vitamin D status and dental caries or molar incisor hypomineralisation in 7-9-year-old Norwegian children: a cross-sectional
study. BMC Public Health. 2024;24(1). doi: 10.1186/s12889-024-17745-1.

Meena M, Aijazuddin A, Kumawat R, Saxena S, Rajput T, Jaidupally RR. Assessing the Impact of Diet on Enamel
Hypoplasia in Children. Journal of pharmacy & Dbioallied sciences. 2025;17(Suppl 2):S1972-s4. doi:
10.4103/jpbs.jpbs_1818 24.

Kiihnisch J, Thiering E, Heinrich-Weltzien R, Hellwig E, Hickel R, Heinrich J. Fluoride/vitamin D tablet supplementation
in infants—effects on dental health after 10 years. Clinical Oral Investigations. 2017;21(7):2283-90. doi: 10.1007/s00784-
016-2021-y.

DOI URL: https://doi.org/10.55677/1JMSPR/2026-3050-1202 pg. 55


https://doi.org/10.55677/IJMSPR/2026-3050-I202

Rafisa (2026), International Journal of Medical Science and Pharmaceutical Research 3(2):50-56

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mortensen NB, Haubek D, Dalgérd C, Nergaard SM, Christoffersen L, Cantio E, et al. Vitamin D status and tooth enamel
hypomineralization are not associated in 4-y-old children: An Odense Child Cohort study. Journal of Steroid Biochemistry
and Molecular Biology. 2022;221. doi: 10.1016/j.jsbmb.2022.106130.

Kiihnisch J, Thiering E, Kratzsch J, Heinrich-Weltzien R, Hickel R, Heinrich J, et al. Elevated serum 25(OH)-vitamin D
levels are negatively correlated with molar-incisor hypomineralization. Journal of Dental Research. 2015;94(2):381-7. doi:
10.1177/0022034514561657.

Dogusal G, Sénmez I, Uniivar T. Evaluation of serum 25(OH)D levels in obese and normal-weight children with carious and
hypomineralized teeth. Journal of Clinical Pediatric Dentistry. 2021;45(1):35-40. doi: 10.17796/1053-4625-45.1.7.

Hutami I, Arinawati D, Rahadian A, Dewi R, Siti Rochmah Y, Christiono S, et al. Roles of calcium in ameloblasts during
tooth development: A scoping review. Journal of Taibah University Medical Sciences. 2024;20:25-39. doi:
10.1016/j.jtumed.2024.12.010.

Voiculescu VM, Nelson Twakor A, Jerpelea N, Pantea Stoian A. Vitamin D: Beyond Traditional Roles—Insights into Its
Biochemical Pathways and Physiological Impacts. 2025;17(5):803.

Khan MU, Gautam G, Jan B, Zahiruddin S, Parveen R, Ahmad S. Vitamin D from Vegetable VV Sources: Hope for the
Future. Phytomedicine Plus. 2022;2(2):100248. doi: https://doi.org/10.1016/j.phyplu.2022.100248.

Piekoszewska-Zietek P, Spodzieja K, Olczak-Kowalczyk D. Influence of Vitamin D on Developmental Defects of Enamel
(DDE) in Children and Adolescents: A Systematic Review. Nutrients. 2025;17(8). doi: 10.3390/nul17081317.

Bartlett JD. Dental enamel development: proteinases and their enamel matrix substrates. ISRN dentistry. 2013;2013:684607.
doi: 10.1155/2013/684607.

Le Goff C, Cavalier E, Souberbielle JC, Gonzalez-Antufia A, Delvin E. Measurement of circulating 25-hydroxyvitamin D:
A historical review. Practical laboratory medicine. 2015;2:1-14. doi: 10.1016/j.plabm.2015.04.001.

Al Dehailan L, Martinez-Mier EA. Evidence on the association of overall dietary factors, selected environmental, medical,
demographic, and biological factors and developmental defects of enamel, including MIH and enamel fluorosis. Front Oral
Health. 2025;6:1616109. doi: 10.3389/froh.2025.1616109.

Burns-Whitmore B, Froyen EB, Isom KA. Vitamin D and Calcium—An Overview, Review of Metabolism, and the
Importance of Co-Supplementation. 2024;3(4):588-608.

Dimopoulou M, Antoniadou M, Amargianitakis M, Gortzi O, Androutsos O, Varzakas T. Nutritional Factors Associated
with Dental Caries across the Lifespan: A Review. 2023;13(24):13254.

Cappelli D, Mobley C. Association between Sugar Intake, Oral Health, and the Impact on Overall Health: Raising Public
Awareness. Current Oral Health Reports. 2017;4. doi: 10.1007/s40496-017-0142-2.

DOI URL: https://doi.org/10.55677/1JMSPR/2026-3050-1202 pg. 56


https://doi.org/10.55677/IJMSPR/2026-3050-I202
https://doi.org/10.1016/j.phyplu.2022.100248

